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ABSTRACT

Hydatid disease (hydatidosis, echinococcosis) caused by the
larval stage of the taeniid, Echinococcus granulosus (Batsch,
1786), 1s a cyclozoonosis of major medical and veterinary
importance iIn most countries of the world. In nature, the
disease is primarily transmitted between wild carnivores and
herbivores, but of Importance to man is the domestic cycle

which i1nvolves dogs and domestic livestock.

Control of the disease has been iInstituted In more than
twelve countries. In Kenya, a pilot control programme began
in 1983 in the northwestern part of Turkana district, a
region with the highest known incidence of human hydatidosis
in the world. However, a number of areas iIn the
epidemiology, biology, transmission and stability of the
parasite in Kenya were still unclear and yet were important
for effective control of the disease. The present study was
therefore, initiated In an effort to bridge the gaps in the
epidemiology of E. granulosus in Kenya, leading to a more
strategic and effective control programme against the

parasite in the country.

Included in the objectives of the study, were investigations
in the prepatent period and the existence and extent of E.
9ranulosus strains iIn Kenya, the infection pressure of the
Parasite to dogs and hence to humans, the number, survival
an- release of E. granulosus eggs in the environment. The
aPPlication of regulated release encapsulated praziquantel iIn

1



the mass dog dosing programme, in the control of the disease
in Kenya and the effect of drought on the prevalence and
intensity of E. granulosus infections iIn dogs, were also

evaluated.

In an attempt to characterize E. granulosus in Kenya, the
rate of development of the parasite from human and domestic
hosts iIn experimentally infected dogs, was studied at days
14, 17, 21, 26, 35 and 42 post infection. Worms of different
intermediate host origin harvested at day 35 post infection,
were also compared morphologically among themselves and with
worms of similar infection age from Australia, Britain,
Canada, Switzerland and South Africa. In addition, Sau 96 1
digest fragments of DNA material, extracted from
protoscoleces obtained from hydatid cysts of goat, sheep,
cattle, human and camel origin were compared. The DNA

fragments were separated on horizontal gel electrophoresis.

Two strains of the Kenyan parasite were identified, one
infecting cattle, sheep, man and goat, while the other which
occurred less frequently, i1nfecting goat and camel. The
strains were differentiated by electrophoretic separation of
DNA material after a complete restriction endonuclease
digestion. The results thus obtained were similar to those
reported from isoenzyme profiles of parasite material of
similar origin (Macpherson and McManus, 1982). The strains
were found to be developmentally and morphologically similar.
However, the rate of development of the parasite was shown to

faster iIn Turkana dogs than,..in Nairobi dogs,
ue Kenyan parasite was found to closely resemble E. g.

2



granulosus (Verster, 1965) from South Africa, both iIn
morphology and rate of development, but significantlz;
different from the widespread domestic sheep/dog strain
I(Thompson and Lymbery, 1988). E. granulosus in Turkana dogs
was shown to have short prepatent period comparable to E.
granulosus of cattle/dog cycle both from South Africa and

Switzerland.

The 1ncidence of echinococcosis in praziquantel treated and
muntreated dogs in the hydatid pilot control area, was
investigated over a period of four years (1984 - 1988) using
autopsy and arecoline hydrobromide purge methods. Purging of
dogs with arecoline hydrobromide as a method of diagnosis of
tapeworm infections, was found to be ten times less sensitive
compared to autopsy. Of 58 undosed dogs killed and

autopsied, 63.8% were found infected with E. granulosus, an
infection level similar to that recorded iIn the same area, 1In
the previous four years. However, significant iIncrease in E.
granulosus i1nfection intensity In dogs was shown to have
occurred at the end of 1978/82 drought in Turkana. The
natural infection rate i1n dosed dogs was found to increase
with time and reverted to pre-control level by six months.
Taenia hydatigena was shown to be the only other commonly

found dog taeniid In Turkana.

The number of E. granulosus eggs in undetached and detached
segments iIn infected dogs was counted and compared iIn heavy,

medium and light infections. Survival of the eggs In



Bifferen't Turkana and Nairobi environments was also studied.
It was found that the average number of eggs iIn E. granulosus
gravid segment was 825; this was not dependent on the
intensity of infection. The majority of the eggs (70%) were
released In the host gut, and contrary to earlier reports,
proglottid movements outside the definitive host were found
to have no significant role In egg dispersal under the
Turkana environment. E. granulosus eggs lost viability in
less than three hours iIn the open ground heat in Turkana, but
survived for three days In the shade and for more than two
weeks 1In water. In contrast the taeniid eggs survived for

more than four weeks In the shade iIin Nairobi.

In an effort to find an effective treatment that would
provide prolonged protection against E. granulosus
reinfection in dogs, an experiment was carried out to test
the application of controlled release glass encapsulated
praziquantel iIn dogs iInfected with Taenia hydatigena. Four
weeks following capsule 1mplantations, seven of eight
experimental dogs were found on autopsy to have been cleared
of the tapeworm infections, while control dogs were still

infected. No side effects were observed.

The results of the present study had a number of iImplications
on the hydatid control programme i1n Kenya. T. hydatigena,
being the only other common dog taeniid in Turkana and having
a similar life cycle to E. granulosus, will be of value to
the education programme as It can serve as an iIndicator of
~N°9s having been fed on raw offal. In addition the large
S12e of the T. hydatigena parasite would help the people to
4



appreciate i1t better than the small E. granulosus tapeworm.

Surveillance using arecoline hydrobromide is not a reliable
technique, as often dogs fail to purge and when they do,
occasionally the worms are not expelled and young or light
infections can be missed. It is also a cumbersome method and
presents a greater risk of infection to personnel. Although
autopsy was found to be a highly sensitive method of
diagnosis of E. granulosus iIn dogs, it has limited use as a
surveillance technique iIn a hydatid control programme.
Development of a safe and appropriate diagnostic method,

therefore, requires further research.

From studies of the prepatent period of the parasite, it was
shown that gravid segments were shed by dogs less than six
weeks following infection. In addition the infection
pressure to dogs was shown to be high. Therefore, to reduce
transmission as much as possible between dogs and the
intermediate hosts, the dosing interval ought to be reduced
to every five weeks. The need for this was found to be more
critical towards the end of a drought when infection pressure
is thought to be highest. With about 200 dogs spread over
9,000 sg. km., this would be an expensive exercise and the
long term answer, therefore, lies iIn the iIntensification of
the education programme, teaching people not to feed cysts to
d°gs and the basic elements of hygiene that will reduce the

currently exceptionally high level of man-dog contact.



The field application of the controlled release glass
ncapsulated praziquantel would be of great value to the

control programme. Further studies are needed In tre

development of the capsules of varied digestibilities in dogs

which would allow for a prolonged dosing interval.



Chapter 1
GENERAL INTRODUCTION

%Ft PREAMBLE AND AIMS

Hydatid disease (hydatidosis, echinococcosis) caused by the
larval stage of the taeniid, Echinococcus granulosus (Batsch,
1786), i1s a cyclozoonosis of world wide distribution
(Matossian et al., 1977). In nature the disease 1is primarily
transmitted between wild carnivores and herbivores, but of
importance to man is the domestic cycle which involves

domestic dog and livestock.

The definitive host of the parasite, which is invariably a
carnivore, becomes infected by ingesting larvae
(protoscoleces) which are asexually produced in a hydatid
cyst. Each protoscolex is capable of developing into a
sexually mature worm in the small intestine of a definitive
host, where i1t produces thousands of eggs. The eggs are
released in the faeces of the definitive host. Intermediate
hosts which include various ungulates, primates and
marsupials are infected through ingestion of viable eggs of
the parasite. The eggs hatch In the intestine of the
intermediate host, each releasing a single embryo
(oncosphere) which penetrates the intestinal wall and enters
the circulatory system. Although oncospheres may localize

and develop iIn any tissue, this usually takes place in the



liver andZor the lungs. Each oncosphere develops into a

hydatid cyst.

Hydatidosis i1s of particular importance to man due to lack of
an effective chemotherapeutic treatment of infected
individuals. Surgery is presently the main form of treatment
in man but, i1t often results In a poor prognosis. The
disease i1s widely distributed in Kenya, both In man and
livestock but, i1t shows marked regional variation

(Macpherson, 1981, Wamae and Cheruiyot, 1983). The economic
importance of hydatid disease in Kenya, attributed mainly to
the condemnation of livers at slaughter, is shown by the high
prevalence of the disease reported in domestic livestock
{(Mango, 1971; Eugster, 1978; Macpherson, 1981; Cheruiyot,
1983).

Human hydatidosis in Kenya, is endemic i1n Turkana district
and to some extent in Maasailand (Eugster, 1978; Macpherson,
1981) . Following a number of reports on the high incidence
of human hydatid infections among the Turkana people (Wray,
1958; Schwabe, 1969'; Rottcher, 1973; Irvin, 1974; OTLeary,
1976), a Hydatid Research Unit, charged with the
responsibility of finding out more about the disease In
Turkana and eventually leading to a control programme, was
established by the Africa Medical and Research Foundation
(AMREF) 1n 1976 (AMREF 1977). Thus iIn the period between

and 1982, a considerable amount of iInformation was
accumulated and formed the subject of many publications on

human distribution of the disease (French and Nelson,
1982) and hypotheses to account for the remarkably high

8



revaience of the disease in man (French et al., 1982), the
role of man (Macpherson, 1983), wildlife (Macpherson et al.,
19Q3) > dogs (Macpherson et al., 1985) and livestock <
(Macpherson, 1981) in maintaining the life cycle of the
parasite In Turkana. The biology of the parasite (Macpherson
and McManus, 1982; McManus, 1981; Macpherson and Smyth, 1985)
and possible mode of its transmission in Turkana (Stevenson
and Macpherson, 1982) were also studied. With this
information, options for control strategies were critically
evaluated (Macpherson et al., 1984b), and iIn 1983 a pilot
hydatid control programme was started by AMREF i1n conduction
with the Kenya Ministry of Health in the northwestern
Turkana, a region with the highest prevalence of the disease

(Macpherson et al., 1984a).

A number of gaps, however, remained in our knowledge of the
epidemiology of the parasite in Turkana. The knowledge 1is
essential for effective control of the disease; this formed
the basis of the present study. Areas needing investigation
included the study of possible strain variation, natural
infection pressure to dogs and prepatent period. The source
of infection to man with hydatid disease was also not clearly
understood. Although an effective chemotherapeutic treatment
a%ainst E. granulosus in dogs was available and being used in
"thre control programme, the drug (praziquantel, DroncitR,
Bayer, West Germany) provides no protection against
reinfection. There was therefore a need for development of a
Sustained release formulation of praziquantel, or a vaccine
which would provide prolonged protection against reinfection

with e . granulosus.



1.2 AREA OF STUDY

The study was carried out iIn Turkana district of Kenya (Fig.
w 1) but as E. granulosus 1is distributed In various regions
ct the country, collection of the parasite material was not

reStricted to the district.

Turkana district which lies between climatic zones five and
siX/ 1s a semi-desert with seasonal grass cover and scattered
dwarf shrubs (Survey of Kenya, 1970). Large shrubs

may be seen along the common dry river beds found iIn the
region. The mean annual rainfall i1s 300 - 600 mm (Survey of
Kenya, 1970) but greatly varies from year to year, with
droughts occurring every ten years or so (Appendix 1.1). The
region has maximum annual mean temperature range of 30°C -

34°C and a minimum of 18°C - 22°C (Survey of Kenya, 1970).

Turkana people, who i1nhabit the land, have a nomadic life
style. They move from one region to the other, depending on
season and availability of pasture for their livestock. They
herd cattle, camels, sheep and goats. They also keep donkeys
for transport. Dogs in Turkana are kept mainly for guarding
against intruders and as "'nurse dogs™, cleaning up babies®e
vomit or faeces (French et al., 1982). The small Turkana
treed of dog is found throughout the district, north western
Uganda and southern Sudan (French et al., 1982; Macpherson et

al-, 1985).

10



FIGURE 1.1

Map of Turkana District of Kenya showing the hydatid

control area
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1.3 The Turkana pilot hydatid control programme

*he control area situated In the north western part of
Turkana district, covers a region of about 9,000 sg. km.
(Fig- 1*1)* The programme has iIncorporated most of the
control measures applied In other hydatid control programmes
(Macpherson et al. 1984b; Macpherson et al., 1986b). These
have 1ncluded mainly education of the local population
against the dangers of the disease, seeking their cooperation
in the control, and the registration of all dogs required by
the people. The dogs are then treated every six weeks with
praziquantel. An attempt is made to reduce the dog
population by shooting all the stray dogs and spaying the
required bitches. Infected people are treated with

albendazole (Macpherson et al., 1986b).

Annual ultrasound and serological surveys iIn man and six
weekly arecoline surveillance of registered dogs are carried
out to monitor the progress of the control programme
(Macpherson et al., 1986b). Surveillance of the disease iIn
livestock in the control area is, however, hampered by lack
of abattoirs, and the nomadic life style of the people makes

it impracticable to construct any in the region.

12



Chapter 2
LITERATURE REVIEW

2.1 BRIEF HISTORY OF ECHINOCOCCUS

The existence and medical i1mportance of unilocular hydatid
disease has been known since the earliest times. Hippocrates
(B.C. 460 - 379), 1In his aphorism section VII, makes a
reference to the disease thus, "when the liver is filled with
water and bursts into the epiploon, in this case the belly 1is
filled with water and the patient dies" (Leuckart, 1886; Dew,
1928). References to hydatids are also found in the works of
Aretaecus (A.D. 7-79), Galen (A.D. 139-200), and Rhazes (A .D.
860-932), who regarded them as manifestations of degenerated
glands, collections of pus or mucus, and even distended lymph
nodes (cited by Thomas, 1894). Redi, iIn 1684 (Castellani
and Chalmers, 1919), was the first to recognize that hydatid
cysts were of animal origin, but it was Tyson (1650 - 1708,
cited by Dew, 1928) who studied and gave a detailed account
°f the parasitic nature of the hydatids. Later in 1782,

Goeze (Kuchenmeister, 1857; Leuckart, 1886) gave the
roorphological description of the hydatid cyst and identified
Protoscoleces as Taenia vlsceralls socialis granulosa. He
showed that hydatid cysts were different from other well

known cysticerci of animals. In 1786, Batsch iIndependently
~escribed and identified the hydatid cysts in sheep as
I’'vdatigena granulosa but in 1800, Zedder (cited by
nUchenmeister, 1857) placed i1t under the genus Polycephalus.

13



v year later, Rudolphi (1801, cited by Leuckart, 1886) in his
of anatomical appearance of hydatid cysts, separated it
1
from the genus Polycephalus and erected a new genus wherein

was designated Echinococcus granulosus.

The adult E. granulosus worms were for the first time
observed In a naturally infected dog by Hartmannus in 1694,
(Braun, 1894) and although Pallas, i1n 1767 (cited by
Castellani and Chalmer, 1919), had demonstrated the
resemblance of protoscoleces to the adult tapeworm, the
theory of spontaneous generation was still upheld by
reknowned workers Hlike Rudolphi (1808). Kuchenmeister
(1851), by feeding dogs with various cysticerci found in
sheep, proved that i1t was these cystic forms of parasites
that gave rise to 'taenia” in the iIntestinal canals of dogs.
This paved the way for Sielbold (1853) who showed for the
first time that hydatid cysts fed to dogs gave rise to a
three segmented adult cestode with two rows of hooks iIn the
scolex. The life cycle of the hydatid parasite was finally
completed by Haubner (1855, cited by Kuchenmeister, 1857)
when he demonstrated the development of hydatid cysts iIn a

domestic pig orally fed with eggs of E. granulosus.

*n 1863, Leuckart gave a detailed description of the
ultitocular hydatid cyst, differentiating i1t from the
bilocular form caused by E. granulosus and designated it a
ew species, E. multllocularls Leuckart 1863 (Leuckart,
r886). Meanwhille, Deising, iIn 1863, described worms
c°llected by Natterer from a puma (Fells concolar) in Brazil,
IS Taenta crassicollis which were later designated Taenia

14



liam by Van Beneden in 1850 (Leuckart, 1886) and lastly E.
O2igartiirus Diesing 1863 by Luhe (1910)

Since then 13 more species iIn the genus Echinococcus have
been described (Reviewed by Kumaratilake and Thompson, 1982)
and speciation within this genus has been surrounded by a lot
of controversy which has formed the subject of a number of
reviews over the years (Cameron, 1926; Rausch, 1953; Vogel,
1957; Rausch and Nelson, 1963; Sweatman and Williams, 1963a;
Smyth and Smyth, 1964; Rausch, 1967a; Rausch and Bernstein,
1972; D"Alessandro et al ., 1979; Krotov, 1979; Kumaratilake
and Thompson, 1982; Thompson and Lymbery, 1988). Of the
thirteen species, E. granulosus, E. multilocularis, E.
vogeli, and E. ollgarthrus are now generally accepted as the
only taxonomically valid species within the genus

Echinococcus (WHO, 1982).

I *

2.2 GLOBAL DISTRIBUTION OF E. GRANULOSUS WITH SPECIAL
EMPHASIS TO AFRICA

Two biological forms of E. granulosus have been recognized on
the basis of host specificity iIn the larval stage; the
Northern form and the European form (Rausch, 1967b; 1986;
Wilson et al., 1968). The distribution of the Northern form
rs limited by the hosts (wolf, elk, reindeer, mule-deer and
red-deer) to the tundra and taiga zones. The two forms
rVerlap on the southern limits of the boreal forest but in
Forth America, they remain geographically separate. The
n-°Pean form (herein after referred to only as E.
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9ranulosus) whose cycle involves mostly the domestic dog and
domestic ungulates as final and iIntermediate hosts

respectively, is widespread.

The global distribution of E. granulosus has been on the
increase since the turn of the century. A review by Dew in
3.98 indicated a very limited distribution covering

Australia, Argentina, New Zealand, north and southern tips of
Africa, Iceland, central Europe and the Middle East. The
parasite was considered to have been very rare or non-
existent iIn the rest of the world. Forty years later, the
parasite had been reported in many of hitherto free countries
(Schantz and Schwabe, 1969; Matossian, et al., 1977)
resulting in a world wide distribution of the parasite. This
probably reflects better diagnosis, research and reporting on
the disease, rather than a real iIncrease on the disease
incidence and distribution. China Is a good case In point,
of a country where for a long time the disease was thought to
be non-existent (Dew, 1928) but recently shown to harbour
high infection rates of the parasite both in man and animals

(Kan, 1966; Pu-Sheng and Liang-Ru, 1985).

Ne2_.1 Europe and the Americas

Virtually every country in Europe has reported the presence
the parasite and hydatidosis is considered to be of

éndemic nature iIn the Soviet Union (Asadov, 1960), Bulgaria,

s°uthern France, Italy, Greece, Portugal, Rumania, Sicily,

Pain and Yugoslavia (Gemmell, ""1980; Wittenberg, 1964;
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atossian/ et al., 1977). Equine hydatidosis in Britain has
liso been reported to be on the increase (Thompson and Smyth,
Identification of transmission foci of E. granulosus
Infections 1n California, reported by Sawyer et al., (1969)
"icated for the first time that classical dog-sheep
-ransmission cycle occurred iIn the United States, and further
tudies revealed the widespread nature of the disease iIn that
-ountry (Schantz and Schwabe, 1969). Unilocular hydatidosis
Is of low and sporadic occurrence iIn central American
countries (Williams et al., 1971). This is not true of the
South American countries, as some of the highest prevalences
uf the disease are found in this region of the world,
lydatidosis i1s hyperendemic in Argentina, southern Brazil,
Shile, Uruguay and Peru (Williams et al., 1971; Schantz,
1972; Matossian et al., 1977).

2.2.2 Asia

Hydatidosis 1s endemic in most of the Asian countries
(Matossian et al., 1977), including Bangladesh (Shamsul
Islan, 1979) and China (Kan, 1966; Pu-Sheng and Liang-Ru,
1985), where the disease was previously thought to be rare.
In Saudi Arabia, Japan, Indonesia, Malaysia, Sabah and
Sarawak, only occasional cases have been observed and
hydatidosis i1s not considered to be a major health problem
(Matossian et al., 1977). The disease is very rare in the
hilippines (Arambulo, 1974) and has not been reported from

Dman (Matossian et al., 1977).
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2.3 Australia and New Zealand

prevalences of hydatidosis were previously reported from
|[tre sheep-raising areas of Australia and New Zealand (Dew,
1928). In 1891, the surgical cases iIn public hospitals
indicated a hydatid infection rate of 6.9 per 100,000 persons
per year, and infection prevalences of 42.4% and 37.3% were
reported in sheep and dogs respectively In 1958 in New
Zealand (Schantz and Schwabe, 1969). By 1970, however, the
control programmes iIn New Zealand and Tasmania had
drastically reduced the infection levels 1In the domestic dogs

in those countries to about 1% (Arundel, 1972).

12.2.4 Africa

At the turn of the century, hydatid disease was thought to be
limited to the northern and southern tips of Africa where the
infection rate among sheep was estimated to be more than 20%
(Dew, 1928). However, with the development of health
services and research coupled with better systems of
detection and reporting of the disease, hydatidosis iIs now
established to be widespread 1In this continent.

Echinococcosis has not been recorded iIn Mauritius and
information i1s lacking concerning its distribution iIn

Burundi, Canary Islands, Gabon and Gambia (FAO.WHO .OIE,

1981). The occurrence and prevalence of this disease

rePorted iIn dogs, man and domestic livestock from Africa, 1is

as Presented In Table 2.1.
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rable 2.1

Occurrence and prevalence (%) of Echinococcus i1n man

and domestic animals iIn Africa

pn]y Dog Intermediate hosts References
Camel Cattle Sheep Goat Others
A@’a 4-20 Senevet. 1951.
30.5 21.8 Jore d*arces, 1953.
10-40 Pampiglione 1965a.
42 .1 5.4 14.3 21.2 pg hs Larbaui et al., 1980.
igh R R FAO.WHO.OIE. 1981.
Jhn * Fayomi et al., 1987.
dﬂﬂ'& R FAO.WHO.OIE. 1981.
kI B Fasso R FAO.WHO.OIE, 1981.
hﬂ([n FAO.WHO.OIE. 1981.
HEVerde R R pg FAO.WHO.OIE. 1981.
et
Ama 37.5 1.1 0.2
(7465) (5533) Graber et al., 1969.
rﬂ) C Fourre and Imbert, 1965.
3.4
@an Troncy and Graber, 1969.
3C Sirol and Lejevre, 1971.
7-ngo R FAO.WHO.OIE. 1981.
e
dhaire 2.3
(520) Mishra and N"Depo, 1978.
4C Schmidt et al.. 1982.
Jjibouti C Disy, 1975.
w R FAO.WHO.OIE. 1981.
({11 g2Wa5) 2-10 Abdel Azim, 1938.
31 10 _ 1.5 €3]
(200) (200) (200) El-Kordy, 1946.
31 0.3 0.3 Halawani. 1956.
W‘]) 7.1 El-Garhy and selim. 1958
@
_ 30 10 5 Abdou. 1965.
m 3.9 32.6
(570) (288) Moch et al., 1974.
1.3 0.1 0.2 r_g
(2000) (4000) (5000) Sedik et al.. 1977.
(Mansoura) 1.2
(85) Abo-Shady. 1980.
8 0.3 0.3 m
- (1811) (1114) (2200) Hamdy et al., 1980.
@EIO) 31.6
(155) Abdel-Gawad et al., 1981
(DakahUa) 1.4
- (289) Abo-Shady et al .. 1982.
@d-'® 1.6 8.8 0.2 0.4
(510) (204) (991) (236) Hegazi et al., 1986.
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(contd.)

Man Dog Intermediate hosts Referencesf
Camel Cattle Sheep Goat Others
guitorial
Guinea R FAO.WHO.OIE, 1981.
thiopi-3 R R R Daynes and Graber. 1974.
(south) +o+ Fuller and Fuller, 1981;
42C Lindtjoum et al.. 1982;
(south) * (Macpherson personal
comnunication)
bans C Schmidt et al.. 1978.
R FAO.WHO.OIE. 1981.
uinea Cc Schmidt et al.. 1982.
2C R R Diallo and Ziarek, 1982.
ninea
Bissau R FAO.WHO.OIE, 1981.
enya See table 1.2
esotho R R Fitzsiiimons, 1971.
C Rubin. 1973.
iberia R R FAO.WHO.OIE. 1981.
ibya 29.1 13.9 33.4 18.1
(3134) (18572)  (147212) (5019) Dar and Taguri. 1978.
Gebreel et al.,1983.
27.2
(151) EIl-Gusbi, 1985.
7.9
(402) El-Gusbi et al... 1985.
11
@n Packer and Ali, 1986.
adagascar 5 R R Randriambelona. 1931.
4C Haddam et al ., 1969.
3C Brygoo et al ., 1971.
6C Ribot and Coulanges, 1982.
lalani R FAO.WHO.OIE. 1981.
HJ C Schmidt et al ., 1982.
Dembele and Sangore, 1974.
FAO.WHO.OIE. 1981.
kuritania R R FAO.WHO.OIE. 1981.
btocco 25 43 23 12 Barotte et Velu, 1925.
44 Faure. 1949.
Chenebault, 1950.
6-19 Senevet, 1951.
20 Sirol and Lejevre. 1971.
43 2.3-80 Pandey, 1980.
23.3
(2581) Pandey. et al.. 1985.
80 38.5 7.7
_ (35) (2246)  (510) Pandey et al.. 1986.
e + 4.5 2.1 pg Castro-Amoro. 1960.
0 2.3
(643) (13390) Ferreira, 1980.
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2.1 (contd.)
otry Man
2C
5C
ligeria
(north)

(all regions)
(central)
(Ibadan)

3C
(e-Union
(wanda
Senegal 2C

Sierra Leone

Somali +
(exported
animals
to
Kuwait)

Sudan

South Africa
(Pretoria)

(all regions)

>60C

Egv(LJand

Dog
Camel Cattle
0 22
@)
55.5 9.9
2.4
(549)
0.1 0.06
(31782) (1439437)
57.5 16
(2539) (3555)
48
(102)
R
27.6
(765)
10.8 40.2
@nD (881)
20 9 0.7
35.3
GD
51
“49)
20
@)
0.7
4.8m)
1.1
@.7mm)
0.9
(1063)
10.8
(5886)

21

Sheep

0.01

(308984)
20.9

Qirn

1.8
(12.9m)
0.9*
(G.6m)

Intermediate hosts

Goat

13.6

0.03
(821625)
22.8
(1195)

Others

pg

P9

pPg

pg

References

Verster. 1962.
FAO.WHO.OIE. 1981.
Develoux et al.. 1985b.
Develoux et al., 1985a.
Dada, 1980a.

Dada. 1980b.

Dada. 1980c.

1979.

Dada and Belino,

Ayanwale et al., 1982.

Schmidt, et al., 1982.

FAO.WHO.OIE. 1981.

FAO_.WHO.OIE, 1981.

Schmidt et al., 1982.

Diop et al., 1973.

FAO.WHO.OIE, 1981.

Maistre et al., 1984.

FAO_.WHO.OIE. 1981.

Hassan. 1982.

Kagan and Cahill, 1968.

Behbehani and Hassounah.
1976.

Hossaunah and Behbehani,
1976.

Sirol and rejevre, 1971.

Saad. 1982.

Saad and Magzoub, 1986.

(Macpherson personal
comnunication)

Ortlepp, 1934.

Verster. 1962.

1966 .

Verster and collins.

1979.
Macpherson. 1981.

Verster.

Mitchell. 1977.



2.1 (contd.)

cuntry Man Dog
Camel
lanzania
services. Tanganyika. 1924.
C
Togo
funisia 42.8 30
30
+H+H
+HH 22
+HH
+H 22
-
Uganda C
Western
Sahara
Zambia
Zimbambwe

* incidence <1/100.000
incidence between 1&5/100.000
incidence between 6&10/100.000
«+«++ incidence >10/100,000

Intermediate hosts References

Cattle Sheep Goat Others
R R Department of veterinary
Foley, 1944
R Petrovic. 1975.
4.3
(12408) Masaba et al., 1977.
Sangwe. 1982.
R R FAO.WHO.OIE. 1981.
Deve, 1923.
Cousi, 1951.
8-86 7 pg Menchari. 1965.
30 Sirol and Lejevre. 1971.
1-30 Ben Rachid et al ., 1984.
24.3 5.2 0
(1359) (3903) (2135) Jaiem, 1984.

Mlika et al ., 1984.
17* Bchir et al., 1985.
Gharbi et al., 1985.
Snell and Mukasa, 1948.
Ministry of Animal Industry
Game and Fisheries,
Uganda. 1967.

6.6 Mitchell, 1968.
(11319) Owor and Bitakaramire, 1975.

FAO.WHO.OIE, 1981.
Royer, 1950.
CLJ. Musonera et al.. 1979.
Lalloo et al., 1985.
Patel, 1969;
3.5 Ministry of Agriculture and
Water Development. Lusaka.
1981
Holmgren et al., 1971.
0.72 Chambers, 1978

goats included C case report

(9) number of animals examined R reported to occur
pg infection in pigs

hs infection in horses
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datid disease in Africa is propagated primarily by a

iinestic cycle between the domestic dog and livestock.

nv/esr, there is evidence of a wildlife cycle among Ee wild
~nivores and herbivores, particularly the lion and warthog,
iffalo and zebra (Verster, 1962; Verster and Collins, 1966;
oncy and Graber, 1969; Eugster, 1978; Dinnik and Sachs,

72; Young, 1975; Graber and Thai, 1980; Ferreira, 1980;
icpherson et al., 1983; Macpherson, 1986) in Central, East

d South Africa.

,2.4.1 North Africa (Morocco, Algeria, Tunisia, Libya)

ithis region hydatidosis is limited to the agriculturally
Jveloped Mediterranean coastal areas where most of the human
d livestock populations are concentrated (Ben Rachid et

1, 1984). Among the main intermediate hosts (sheep, cattle
dcamel), high prevalence rates (10% - 90%) have been
sported (Barotte and Velu, 1925; Faure, 1949; Jore d"Arces,
&3; Larbauir et al., 1980; Jaiem, 1984; Dar and Taguri,

*B). Other intermediate hosts reported include; goats,

s and horses (Table 2.1).

hinococcosis prevalence in dogs is high in all the four
Entries: Algeria, 10 - 40% (Pampiglione, 1965a); Morocco,
t (Sirol and Lejevre, 1971); Tunisia, 22 - 42.8% (Deve,

Jaiem, 1984; Bchir et al., 1985) and Libya, 11 - 27.18%
*—~QGushi, 1985; Packer, 1986). In Libya where infection
density studies were carried out in dogs, heavy infections
*1,000 worms) were found in 42. of the infected dogs (EI-
i, 1985). Despite the high influence of Islam i1n this
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Legion, whose laws discourage the association of people with
hQgs, a large number of dogs are kept and tolerated i1n houses
end at religious or marriage feasts (Dew, 1928; Ben Rachid et
L 1984; ENI-Gusbi, 1985). In Tunisia, Ben Rachid et al.
/1984) reported a dog:man ratio of 1:6 which included pet,
punting and guard dogs. There are also many dogs which
scavenge In the cities and around the improperly controlled
slaughter places (Dew, 1928; Jore d"Arces, 1953; Pampiglione,
1965b; Ben Rachid et al., 1984; EIl-Gubsi, 1985). Although
infections in jackals have been reported (Jore d"acres, 1953)
their role iIn the disease transmission is thought to be

minimal (Ben Rachid et al., 1984).

The close human association with dogs seems to have given
rise to the high human disease iIncidence In this area
particularly in children. Gebreel et al. (1983) reported an
infection rate of 10% among children and young adults near
Benghazi in Libya, while Larbaui et al. (1980) gave an
average iIncidence rate of 9/100,000 in Algeria. In Tunisia
erent workers have reported hydatid incidence rates of
EO/l0,000 people (Jaiem, 1984; Mlika et al., 1984; Ben
Rachid et al., 1984; Bchir et al., 1985; Gharbir et al .,
r985). Chenebault (1950) estimated the annual incidence of
human hydatidosis In Morocco to be 50/100,000 people, but
Since then very little of human prevalence studies have been

Undertaken in that country.
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5 4.4-2 East Africa (Sudan, Ethiopia, Kenya, Uganda,
Tanzania)

i
N recent mass ultrasound scanning prevalence survey
undertaken among a number of pastoralist peoples of East
Africa confirmed the hyperendemic state of the disease iIn
this area. High prevalence rates were recorded among the
people living iIn the region between latitude 3° - 8° north
and 38° - 37° east, including the Turkana (2.1-5.6%) of
northwestern Kenya, the Toposa (3.2%) of southern Sudan, the
Nyangatom (2.2%), Hamar (0.5%) and Boran (1.8%) of
southwestern Ethiopia (Macpherson, personal communication).
Earlier reports had already shown this area to be a high
prevalence focus of human hydatidosis (Schwabe, 1969;
O"Leary, 1976). From hospital records, the disease incidence
in Turkana district of Kenya was estimated to be the highest
recorded incidence (40-96/100,000) of human hydatid disease
in the world (Schwabe, 1969; O"Leary, 1976; French and
Nelson, 1982). The disease was also reported to be high
among Dassanetch, Nyangatom, Hamar (Fuller and Fuller, 1981)
and Boran (Lindtjourn et al., 1982) of southeastern Ethiopia,
the Karamajong and Acholi of northeastern Uganda (Owor and
Bitakiramire, 1975) and the Toposa and Lotuko of southern
Sudan (Eisa et al., 1962). Very little of the human disease
has been recorded outside of this focus except among the
Naasali of Kenya and Tanzania in whom Eugster (1978) found an
*ncidence of the disease to be very low (1-2/100,000)
C°mpared to the Turkana. This was confirmed by the recent
Itrasound survey which showed a low prevalence rate of 1.0%

Tanzania Maasai (Macpher®son, personal communication).

25



JnfeCti®°n rates ranging from 27% to 70% have been recorded in
thQ domestic dog, the main definitive host iIn this iregion
(Eisa et a™" 1562; Nelson and Rausch; 1963; Eugster, 1978;
Nacpherson et al., 1985). The prevalence rate of hydatid
disease among the main domestic intermediate hosts (camel,
cattle, sheep, goat) is generally high (Eisa et al., 1962;
LugSter, 1978; Owor and Bitakiramire, 1975) except in Turkana
where prevalence rates of less than one percent have been
Recorded in goats and sheep (Macpherson, 1981). The
distribution of the disease iIn this region and in particular

Kenya, will be covered more fully later iIn the chapter.

2.2.4.3 Egypt

in Egypt, the camel seems to be the most iImportant
intermediate host of E. granulosus where, on average, a
prevalence rate of 22% (1.25% - 32%) has been reported (EI-
K°rdy, 1946; Halawani, 1956; Abdou, 1965; Moch et al., 1974;
Sedik et al., 1977; Hamdy et al., 1980; Abdel-Gawad et al.,
39A8l; Hegazi et al., 1986). Infection rates among other
intermediate hosts are much lower (Table 2.1).
Echinococcosis prevalence iIn the domestic dog, which is the
OnlY reported definitive host in Egypt, 1s also low, ranging
etween 1.2% and 10% (Abdel Azim, 1938; El Garhy and Selim,
~N58; Moch et al., 1974; Abo-Shady, 1980; Abo-Shady et al.,
Hegazi et al., 1986).

esPite the endemic nature of the disease iIn Egypt, human
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Infections are comparatively less common than in other north

kfrican countries (Madden, 1909; Cahill et al., 1965;
fjatossian et al., 1977)

2.2.4-4 Nigeria

pydatid disease is prevalent across the northern states of
Nigeria including Sokoto, Kano and Kaduna, where 55% of
carels, 7% of sheep, 13.6% of goats and 10% of cattle have
been found infected (Dada, 1980a). OF 549 dogs examined in
this region, 13 (2.4%) were infected with the parasite (Dada,
1980b). Very little disease i1s found in the south of the
country, hence the reported low national prevalence rate of
1.34% in camels, 0.1% in cattle, 0.09% iIn sheep, 0.04% in
goats and 0.12% in pigs (Dada, 1980c). Human cases of
hydatid disease in Nigeria are very rare, and to date only
four cases have been reported (Katchy, 1982; Schmidt et al.,
1982).

2.2.4.5 Somalia

Results of a seroepidemiological study carried out by Kagan
and Cahill (1968) with sera from Somalia showed positive
factions for antibodies to hydatids in 31%, 50%, 67%, and
42, OF camel( goat, cattle and human sera respectively.

These results suggest that the disease iIs rare iIn humans, but
widespread in livestock in the country. The presence of high

rI1:ection rates of hydatidosis in camels (10%) and cattle

(27_40%) exported to Kuwait frdm Somalia (Hassounah and
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Behbehani, 1976; Behbehani and Hassounah, 1976) confirm the

demicity of the disease In the domestic intermediate hosts.
6

22.4-6 Mozambique

Out of 13,390 cattle examined by Ferreira (1980) in
Mozambique, 2.5% were infected with hydatid cysts but none of
643 dogs examined had the adult parasite. Earlier,
Castro-Amoro (1960) had reported the prevalence of the
disease in Cattle (4.5%), sheep (2.1%) and pigs (1.5%), and
estimated that there was a disease incidence of 2/100,000 of

the human population.

2.2.4.7 Madagascar

F.andriambelona (1931) reported a hydatidosis iIncidence rate
of 2.7% - 5% 1n cattle iIn Madagascar, but iIn their review,
Ribot and Coulanges (1982) suggested that the disease
prevalence In that country was quite low. They estimated the
P-ncidence of the disease iIn about six million animals to be
tbout 12 cases per year and reported that from 1962 to 1982,

there were only six human hydatid cases.

Ne2.4.8 Republic of South Africa

Prevalence of hydatid disease iIn South Africa is low and,
~though it varies iIn different regions, it is fairly
stributed across the whole country. The highest prevalence
| ~°mestic livestock is found in the south-eastern region
6 "3.8%, 1.5%, 3.2% and 2.8% of cattle, sheep, goats and
28



2igs respectively are infected (Verster and Collins, 1966)
Te average prevalence for the whole country, however, is
(es than 2% 1n all the intermediate hosts (Verster, 1962;
“erSter and Collins, 1966). Ortlepp (1934) found a rather
131 incidence of echinococcosis in dogs (5/25) around
Lretoria but later, Verster (1979) examined 1063 dogs from
111 the regions and showed that the countrywide prevalence
pas low (0.9%). Although infections in wild carnivores

(Table 2.1) have been demonstrated, the domestic dog has been
thomm to be the main definitive host of the disease iIn South
Africa (Verster and Collins, 1966). Human hydatidosis 1is
uncommon In that country and, from the available information,

only 43 cases have been reported to date since 1937 (Table

, D, which i1s less than two cases per year.

2.2.4.9 Swaziland

fre only statistical data on hydatid disease available from
Swaziland (Mitchell, 1977) suggests that the disease Iis
fendemic in animals. Mitchell (1977) reported 10.82% and
r*2M hydatid infections in lungs and livers, respectively

from 5886 cattle obtained from different regions of that
pountry.-
-2.4.10 Other countries iIn Africa

pdatidosis/echinOCOCCOSi1S in the rest of the continent has

r*her not been iInvestigated or the occurrence is very low

(Table 2.1).
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SPECIATION AND STRAIN VARIATION OF E. GRANULOSUS IN
AFRICA

Jou the day Leuckart (1886) differentiated the multilocular
form of hydatids from the unilocular form caused by E.
Lrajiul°sus anc™ designated i1t a new species, E. multilocularis
leuckart 1863, the speciation of the genus Echinocococcus has
keen a matter of controversy. The speciation was immediately
refuted by a number of workers (Davaine, Eschricht, Creplin,
Von Siebold, Diesing (Leuckart 1886)) spearheaded by Deve in
this century (1934, 1939, 1940), believing that different
forms of hydatid cysts represented different manifestations
of the same parasite. Those who upheld the specific status
pf E. multilocularis included Rudolphi (1855, cited by
.euckart, 1886), Kuchenmeister (1857), Leuckart (1886), Huber

(1881, Stirling and Verco (1907), Posselt (1936) and Vogel
1957).

Although Vogel (1957) confirmed the taxonomic status of E.

tultilocularis by completing the life cycle in the

aboratory, the complexity of speciation within Echinococcus
“ntinued to iIncrease as more species and subspecies of the
laws were described. Sixteen species and thirteen

"ubspecies have already been described from different parts

r world as have recently been reviewed by Kumaratilake
N Thompson (1982).

6 of the species; Echinococcus lycaontis Ortlepp, 1934,
~Nocoecus felidis Ortlepp, 1937 and Echinococcus ortleppi
2~-Neyra and Soler planas, 1943, were described from
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Lfrica* Their taxonomic status was upheld by Rausch in 1953,
Lut invalidated ten years later by Rausch and Nelson (1963)
Lho found that the presumed differences fell within the

oimal morphological variation for E. granulosus. In
Ldditi°n*® they argued that the then available knowledge on
the host distribution for E. felldls was inadequate to

Justify specific status.

Rmajor review of the South African Echinococcus species was
undertaken by Verster (1965), comparing them to the type
species from Germany. This was prompted by an unusually high
hydatid cyst fertility in cattle and varied susceptibility of
wild carnivores and the domestic cat to infestation with the
adult worm.  On morphological basis the invalidated species;
E. lucaontis, E. felldls and E. ortlepp! (Rausch and Nelson,
1963), were redesignated; Echinococcus granulosus lycaontis,
(rtlepp, 1934) Echinococcus granulosus felldls (Ortlepp,
1937) and Echinococcus granulosus ortleppl (Lopez-Neyra and
Soler Planas, 1943) respectively (Verster, 1965). A ''strain"
°f E. granulosus from South Africa which occurs between the
domestic livestock and domestic dogs and jackals was also
found to differ from the type specimen and to differentiate
tw, the later was redesignated Echinococcus granulosus

ranulosus and the former Echinococcus granulosus africanus
(Verster, 1965).

Was not the end of the matter, for in 1967a, Rausch re-
6X‘Emjhed the South African subspecies described by Verster

(1%)» and invalidated them on the grounds that there was no
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Lidence of ecological isolation or host specificity.
I umUiating reports of wildlife iInfections however, seem to
uggest the presence of an Echinococcus wildlife cycles In
arious parts of Africa, ecologically separate from the
Icirestic cycle. Echinococcus infected lions and their prey,
example, warthog iIn Central Africa (Graber and Thai,
1980) and Eas-t Africa (Dinnik and Sachs, 1972; Eugster, 1978)
id zebra 1n South Africa (Young, 1975) harbouring hydatid
"ysts, have been found In areas where domestic dogs and
livestock are excluded. Macpherson (1986) has therefore
tightly argued that the invalidation of the speciation E. g.

{elidis by Rausch (1967a) may no longer apply.

Rausch (1967a) insistence on the application of ecological
segregation as a criterion in the designation of subspecies,
ms based on concepts derived from Mayr®s (1963) definition
3F species as interbreeding populations of individuals. This
definition does not seem to take into consideration organisms
that are potentially self fertilizing and has been regarded
Nappropriate to cestodes (Jones et al., 1963). On the same
Pesis, Beveridge (1974) found unacceptable the application of
poncepts drawn from this definition In the subspeciation of
pchinococcus. Smyth and Smyth (1964) had already pointed out
te complexity involved In attempting to systematically
Rtegorize the genus Echinococcus into well defined species
or Subspecies In view of i1ts mode of reproduction which

| VUrs expression of mutants which in turn might lead to
Stabu Shment of variants. They argued that the
-d_ma?hroditism of the adult parasite, coupled with the
fa"anbryony Of -the larval stage gives Echinococcus the
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Otential to rapidly speciate without any need for

or ecological isolation.

Currently i1s generally accepted that intraspecific
variants exist within the genus Echinococcus (WHO, 1982;
Kumaratilake and Thompson, 1982; Thompson and Lymbery, 1988).
However, only four species; E. granulosus, E. multilocularis,
£. olig&rthrus, and E. vogeli are taxonomically accepted as
valid and to avoid further taxonomic confusion the
intraspecific variants are now designated as strains until
their biological status i1s well established (Rausch and
Bernstein, 1972; WHO, 1982; Kumaratilake and Thompson, 1982;
Thompson, 1986).

Of the four taxonomically valid species, E. granulosus is the
only species iIn the genus Echinococcus reported from Africa.
Two separate reports of E. multilocularis in cattle from
Mozambique (Ferreira, 1980) and in two Tunisian patients
(Zitouna et al., 1985) have been published but both appear to
be mistaken forms of multicystic infections or multilocular
C'sts caused by E. granulosus. The metacestode of E.
"tultilocularis i1s relatively host specific and infections are
confined to rodents (Rausch, 1967b; Fay, 1973; WHO, 1982).
Ferreira (1980) used the rate of growth of the parasite 1n
d°3s as an identification criterion but completely

~regarded the various morphological features of the adult
whn.
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CONTROL OF HYDATID DISEASE
M

I aCcurate and detailed description of the life cycle of
Ajiinococcus veterinorum (E. grsuiulosus) was first given by
Lgibold (1853). The description made i1t theoretically
ipparent that control of unilocular hydatidosis was a simple
latter involving interruption of transmission by preventing
logs from eating raw viscera from infected intermediate
Lgts. Ten years later, the first hydatid control programme
jJegan In Iceland where one 1In every SiX persons were
Estimated to harbour a hydatid cyst (Schantz and Schwabe,
1969). Other hydatid control programmes have since been
started in Argentina, Bulgaria, Cyprus, the Falkland Islands,
Sreece, Peru, Spain, Sardinia, Yugoslavia, Uruguay, USSR,
TcSinenia, New Zealand (Gemmell, 1979; Gemmell and Lawson,
1986), and recently Kenya (Macpherson et al., 1984a).

Control measures against the disease are also being

Instituted 1n Tunisia (Zarrouk, 1985).

lIthough eradication of hydatid disease is theoretically
Pimple, 1t took a century for the disease to be eradicated
ron Iceland, and i1t is now clearly understood that socio-
Mtural, economic and technical factors make the
wPlementation of control measures difficult. The success of
<4e hydatid eradication campaign in lIceland is mainly
ftributed to the then nearly 100% literacy rate (Gemmell,

N\
8) A pamphlet on the nature, cause and prevention of the

B'Sease, which was published and distributed to every family

N ycei - : -
and, was widely read, especially during the long
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inter months (Schantz and Schwabe, 1969).
I. 1S now appreciated that control of hydatid disease is a
rrobiem of people rather than merely one of dogs and domestic
Liimals- Epidemiological research over the past thirty years
s enhanced knowledge of the dynamics of transmission and
the methods required for i1ts control, which have formed the
subject of a number of reviews (Gemmell, 1978; 1979; Lawson
ad Gemmell, 1983; Gemmell and Lawson, 1986). Two main
(hydatid control measures are now recognized, which include
the prevention of dogs gaining access to raw offal and
reduction of the parasite biomass, either by reducing the dog
population or by mass dog treatment (Gemmell, 1979).
However, emphasis on each control measure and methods adopted
in the implementation by hydatid control authorities in
different countries have tended to differ with the varying
facilities, financial constraints, literacy level and other
conditions that exist In each country (Gemmell, 1979). Both
New Zealand and Tasmania hydatid control programmes gave
special emphasis to community involvement In the prevention
of dogs gaining access to raw offal and encouraged the
building of effective offal disposal systems (Schantz and
Schwabe, 1969). In Uruguay and Cyprus on the other hand, it
Wes found necessary to reduce the dog population to achieve
C°ntrol of the disease (Polydorou, 1980; Gemmell and Lawson,
"®6),, Similar success was achieved in Chile and the
Falkiand islands, but using six weekly mass dog treatment
with e newly introduced, highly effective drug,

aziquantel (Gemmell and Lawson, 1986).
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_mtroi measures, including surveillance techniques adopted

different hydatid control authorities in different
F';MntrieS' have extensively been reviewed by Gemmel! (1979)
Ld Gemmell and Lawson (1986). The available hydatid disease
~uj-elll3l106 methods are reviewed later In this chapter

(section, 2.5.8).

2.5 EPIDEMIOLOGY OF E. GRANULOSUS IN KENYA

Hydatidosis i1s a cyclozoonosis of major economic and public
health importance iIn Kenya. The disease is endemic in the
Turkana district and Maasailand where it affects both man and
domestic animals. Infected wild animals have also been
reported particularly in Maasailand where a wildlife cycle is

suspected to operate (Macpherson et al., 1983)

1.5.1 Hydatidosis in domestic livestock

»he occurrence of hydatidosis In Kenya was reported first iIn
pmeis (Leese, 1915) and later in sheep (Walker, 1925),
pttle (Daubney, 1926) and pigs (Hudson, 1934), but
patistical data on the disease was not available until

I «ty years later following the iImprovement of meat

| SSection standards iIn the country. Three years after the
instruction of a meat export abattoir (Kenya Meat

slon) at Athi River in 1953, Ginsberg (1956) reported a
ligh
g Prevalence of hydatidosis in cattle (17-46%), sheep (17-
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135) and goats (15-18%). This was confirmed later by other
L rkers (Appendix 2.1) (Froyd, 1960a,b; Mango, 1971;

L "anga® 1974, Eugster, 1978; Macpherson, 1981; Che"ruiyot,

Jo.-

\ 1981, the prevalence of hydatid disease In domestic
livestock was generally accepted to be high and widespread in
Jjonya. However, a study conducted in Turkana district
meported low prevalence of the disease iIn cattle (10%) and
pore so In sheep (1.6%) and goats (0.8%) (Macpherson, 1981).
Jt is now established that Maasailand and to a lesser extent
Turkana district are the two regions iIn Kenya where livestock
hydatidosis Is endemic (Eugster, 1978; Macpherson, 1981;
Macpherson, 1985)

in Kenya, cattle have been shown to be a poor host of E.
granulosus as most of the cysts are found to be either
Bterile (70%) or calcified (20%) (Eugster, 1978, Macpherson,
1-5H). Larvae from the fertile cysts are usually In poor
Conditions and seem to be of low infectivity to dogs
Macpherson et al., 1985). The low fertility rate (<15%) in
Etle hydatid cysts, i1s a phenomenon which has been observed
n other countries including; Egypt (El-Kordy, 1946), Iltaly
|Piocca and Massi, 1952), Argentina (Mendy, 1975), Great
Fitain (Thompson, 1977), Nigeria (Dada, 1980a), Iraq
am°ud and Al-Janabi, 1981), Chile (Gonzalez et al., 1981),
aPladesh (Islam, 1982) and Australia (Durie and Riek, 1952;
mmeu/ 1ggo). However, in Belgium (De Rycke, 1968), South
ca (Verster, 1962), Sri Lanka (Dissanaike, 1957), Central
(El-Badawi et al, 1979) and Switzerland (Thompson et
37



1984), fTertility rates ranging from 66%-97% have been

reported in cattle hydatid cysts. Available evidence seems
suggest 'the Presence of a different strain of E.

<ranul°sus i1n these countries where cattle play a principle

as an intermediate host (Verster, 1965; Thompson et al.,

189

"arels In Kenya are found in the dry northern region of the
lountry, but camel hydatidosis has only been reported from
the Turkana where a high prevalence rate of 80% was recorded
(Macpherson, 1981). The other major group of people in Kenya
1o keep camels, are the Somalis who also live across the
lorder in the Republic of Somalia where camel hydatidosis is
irevalent (Hassounah and Behbehani, 1976). Camels in Turkana
ire mostly kept for milk and blood and are slaughtered at a
lore advanced age than other slaughter stock. This has been
luggested to be the contributing factor leading to the high
irevalence rate of the disease In these animals (Hamdy, et
M*# 1980) as i1s also observed iIn Egypt, Morocco and Tunisia
[Table, 2.1). Camels therefore appear to play a major role
p the perpetuation of E. granulosus cycle not only in

prkana but also in the North African countries.

N mest parts of the world, sheep has been found to be the

Min intermediate host for E. granulosus (Gemmell, 1960;

IDdﬁ'amz and Schwabe, 1969). Hydatid cysts from these animals
usuaiily In good condition with high fertility rates. In
Kenya

" Protoscoleces from sheep and goat cysts have been

+ . . n
Mown readily infect experimental dogs (Macpherson et al.,
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b85)* DUS N e™ s;zre axd high turnover rate, sheep and

oat form the main part of home slaughter among the Maasail
3 Turkana people thus providing dogs with greater™*
Ortunity of gaining access to infected offal. Therefore,
espite the low prevalence of the disease in the smaller
toC{ in Turkana, they appear to be the main intermediate

oSts of the domestic cycle for the parasite iIn Kenya.

5.2 Echinococcosis iIn domestic dog (Canis familiarls)

he existence of the hydatid parasite has been recognized in
Kenya since 1915 when it was for the first time reported from
amel (Leese, 1915). However, the definitive host remained
inclear for more than forty years following reports of
nydatidosis in intermediate hosts. Wild carnivores were
I-hought to play a major role iIn the transmission of the
disease (Wray, 1958; Round, 1962) in this country and the
opinion was strengthened by a finding of an E. granulosus
Infected jackal (Ginsberg, 1958). Nelson and Rausch (1963)
jiowever, found heavily E. granulosus infected dogs around
II_|a®ird3i and Turkana district_, while very few of the wild
amivores examined were iInfected, and only lightly. They
herefore concluded that i1n Kenya there was no evidence of an
rcinococcus wildlife cycle. Since then three more surveys
m d°gs have been conducted, but only in localized regions,

results of these surveys are presented in Appendix 2.1.

165 dogs examined by Eugster (1978) i1n Kajiado
45 (27.3%) were found infected with E. granulosus
nly 17.6% of them had more than 20 specimens (Eugster,
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"g). Macpherson et al. (1985) found little change in
nfecti®°n rates In Turkana dogs twenty years after Nelson and
dlsch (1963), reporting a prevalence of 39.4% among 695 of
- dogs examined, out of which 31.6% had more than 200
f£Cimens. It therefore appears that dogs i1n Turkana
istrict are more infected In terms of both prevalence and
ntensity than those from Maasailand. This i1s puzzling
monsidering that relatively higher hydatid infection levels
re found In the domestic intermediate hosts In Maasailand.
rt is possible however, 1In areas that experience prolonged
roughts, for dogs to acquire high infections from scavenging
n the many carcasses that fall victim to the drought

Ngunzi, 1985). The two studies in Turkana (Nelson and
Rausch, 1963; Macpherson et al., 1985) were both carried out

poon after prolonged drought periods.

countrywide study on the prevalence of E. granulosus 1in
pogs In Kenya i1s lacking and although few human infection
pases are reported from regions other than Turkana and
paasiland, livestock hydatidosis seem to have a generalized
listribution with regional variations in prevalence

[Macpherson, 1981).

5.3 Human hydatidosis

w°ridwide awareness of hydatidosis iIn Kenya iIs attributed
* 40 the high prevalence of human hydatidosis,
cuiariy In northwestern part of the country. This was

First Brought to light by Wray "n 1958. More than half of
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117 hydatid operations he carried out between 1952 and
”5 were on Turkana patients. Schwabe ((1969), who visited
fitale district hospital where most of the hydatid patients
roh Turkana were being referred, estimated the annual
IMBtid incidence in Turkana as 40 per 100,000 people.
Leary (1976), the then Medical Officer of Health at Lodwar
istrict hospital, iIn a five-year review of the hospital
cords, showed that the iIncidence was more than 96 per
00,000 per year iIn Turkana district, the highest known
ncidence of human hydatidosis. From her work, it was
pparent that most of the cases were from the northwestern
art of the district. This work was confirmed by mass
erological survey (French and Ingera, 1984) and recently by
Itrasound scan survey which showed the prevalence of
nfection 1In Turkana district as varying from 0.3% along the
hores of Lake Turkana to 5.6% in the northwest of the

istrict (Macpherson, personal communication)

n contrast, human hydatidosis is very low in the rest of the
ountry and the only other notable hydatid problem region but
O a lesser extent is Maasailand (Fig. 2.1). Eugster (1978)
ePorted that from 1962 to 1976 only 76 hydatid patients from
assaliand were operated iIn various hospitals in Kenya and
avania. Reports of hydatid infections from other tribes in
@nva have included the Suk (Wray, 1958) the Pokot (Clifford,
1 O"Leary, 1976) the Kikuyu (Okello and Kyobe, 1981) and

e ®oran (Macpherson, personal communication).
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SOMALIA

Nstribution of human hydatid reported cases operated on
In Kenya (1957 - 1988)
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~gs been postulated that human habits and practices among
1]eTurkana people which allow for the close association with
domestic dog, account for the high prevalence of the
sease in that region (French et al., 1982). This theory
been supported by results obtained by Watson-Jones and
apherson who showed that iIn the northwestern part of
rkana district where the prevalence of the disease 1is
ighest, there 1Is more dog:man contact than the south. In

e north the dog Is more tolerated in the houses and allowed

lick and clean the babies after they defecate or vomit.

25.4 Wildlife cycle of E. granulosus in Kenya

ollowing country wide echinococcosis survey both iIn domestic
no wild animals, Nelson and Rausch (1963) did not find

rough evidence for a wildlife cycle iIn Kenya. Accumulating

eports since then, however, suggest otherwise as shown in a

ecent review by Macpherson (1986).

ugster (1978) found 69 (12.2%) of 567 wildebeest, 2 (8.3%)
N 24 impala, 2 (5.3%) of 38 hartebeest and 2 (7.7%) of 26
rants gazelle examined iIn Maasailand, to be infected with
tydatid cysts. In the same area he also found 5 (38.5%) of
13 silverbacked jackal and the only lion examined,
nmected with the parasite. Another lion examined iIn the
Aae locality four years later was also found similarly
nfected (Muchemi, 1982). It therefore appears that a
,“"l1ife cycle perpetuated between the lion and wild
mMivores exists iIn Maasailand. The situation is different
n Turkana where out of 152 wild herbivores examined, none
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keen found infected with hydatid cysts. Although silver-
ed jackal (11/38) and golden-jackal (6/22) have been

nd infected with E. granulosus iIn Turkana, it has been
fﬂed that they have no more than a supportive role in the

intenance of the domestic hydatid cycle (Macpherson et al.

%_

55 Diagnosis and treatment In the definitive host

~gnosis of E. granulosus in definitive hosts i1s important
uepidemiological studies or hydatid control programme
Jreys.  There are two methods currently available for use
athe diagnosis of echinococcosis infections in the
efinitive host; autopsy and arecoline purgation. Both
ethodks rely on the demonstration of the tapeworm from the
ifected hosts and are currently used iIn the Turkana pilot

foatad control programme (Macpherson et al., 1986b).

recoline which 1s the main alkaloid of areca nuts (Areca
atedu) was for a long time used for the elimination of dog
agpavoms (Lentz, 1921). When given to dogs, the drug causes
Ration by increasing gut motility. It also causes the

O®&s to relax releasing their hold on the intestinal wall

N are thus carried out of the gut and can be demonstrable
1the resultant purge. Dogs vary iIn thelr reaction to
’line, and it has been shown that the absence of worms iIn
Rr%e i1s not necessarily an indication of an animal being
@ of e . granulosus i1nfection (WHO, 1982). In addition, it

S7eri shown that under field donditions 20% of dogs fail
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0 purge (Gemraell, 1958, 1968). The use of arecoline

robromide for the diagnosis of echinococcosis In dogs 1is

wd

[is° limited by side effects. These include, vomitirig,

i

|D>uIation of mucus secretions and dehydration which may be
u in hot weather (Gregory and McConnell, 1978). The
ie

Stress Caused by struggling in the process of dosing,

I eCially in animals not used to handling, may magnify the
|ige effects leading to the death of the animal.

levertheless, with standardization, the arecoline purge has
leen found to be useful in determining the prevalence of E.
Lranulosus In dogs (Gemmell, 1968, 1973; Schantz, 1973) and
hes been used in the Argentina, Cyprus, New Zealand, Tasmania
ind Uruguay hydatid control programmes as one of the methods

3F surveillance (Gemmell, 1979).

Pecropsy is the most reliable method of diagnosing E.
Jranulosus infections but the method is limited to stray and
Uwanted dogs. In Kenya, i1t has been used in four E.
Iranulosus surveys (Nelson and Rausch, 1963; Eugster, 1968;
facpherson et a!., 1983; Ngunzi, 1985). Other available
lethods include, anal swab and use of transparent tape (Craig
al-rf 1988) and serology (Jenkins and Rickard, 1985). The
former two methods rely on the demonstration of taeniid eggs
| body of infected dogs. Although i1t has been known for
IQog time that taeniid eggs stick to dog hair (Nosik, 1952;
T tofT ard Kolev, 1964), the demonstration of this has been
kittle diagnostic value as no applicable taeniid egg

-erentiation test was available. The recent development

It such

hill

a test (Craig et al., 1986a) has now made way for the
2ation of these methods as has recently been
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nStrated in Turkana (Craig et al., 1988). The test 1is

I viouSly limited to dogs with gravid infections of the

narasite-

lerOgiagnosis of E. granulosus infection iIn dogs is a field
<at has not been developed and yet has great diagnostic
potential. Babos and Nemeth (1962) were able to detect E.
Jra.nulosus In faeces of iInfected dogs prior to worm patency
Jsing precipitation reactions with hyperimmune rabbit serum.
JXer, Jenkins and Rickard (1985) using ELISA (enzyme linked
Immunosorbent assay), found antibodies to protoscolex
intigens In sera of dogs 32 days after infection with 100,000
granulosus protoscoleces. This test is currently being
;ested In Kenya to evaluate its usefulness iIn the diagnosis
of E. granulosus under field conditions. A specific
terological test i1n dogs would be particularly valuable as it
ranld reduce the risks to infection when handling infected
las as compared to arecoline purgation. Autopsy and use of
e arecoline for the diagnosis of echinococcosis infections,
>ae an advantage over the other methods iIn that they are
1mnpie, requiring little or no laboratory back-up and have an
Bucational value as the infecting worms can be demonstrated

I)onlooking owners.

field of dog tapeworm chemotherapy has seen an array of
'g:‘ of varying cestocidal activity, over the last twenty-
rli\eVears (reviews by Gemmell and Johnstone 1981; WHO,
Praziquantel is the only compound that has been found

<D
be 100% effective at a dose of 10mg/kg body weight (Thakur
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al- 1978). Praziquantel 1is not ovicidal but it 1is
: f%e rtive against both immature and mature stages of E.
Lanulosus when administered by the iIntramuscular or”oral
Lutes (Andersen, et al., 1978; 1979). The drug is safe to

with a wide safety margin and there are no known side
tefects (Murmann et al., 1976). In Kenya, treatment against
Ihin®°coccosis mfections 1In dogs Is not routine except 1In
the Turkana pilot hydatid control area, where mass treatment

Lf dogs with DroncitR is undertaken (Macpherson, et al.,

19860)

2.5.6 Diagnosis and treatment iIn Intermediate hosts

Hydatid disease iIn livestock i1s only diagnosed at routine
meat Inspection. Serological diagnosis has been hampered by
false positive reactions associated with parasitism by

related cestodes (Yong et al., 1978; Schantz, 1973;
Lightowlers et al., 1984) and to a lesser extent by false
negative reactions due to poor antibody responses

[Lightowlers et al ., 1984) or variation iIn antibody responses
* different E. granulosus 'strains" (Rickard and

lightowlers, 1986). Investigations carried out In Kenya for
+#e possible uses of serodiagnosis iIn livestock hydatidosis,

| Ve also met with similar setbacks (Kagiko et al., 1986;
Jathura et al., 1987).

sPRcific diagnostic test for hydatid disease in livestock
| uld be of great value to hydatid control programmes,
IrTfc’\ed animals i1dentified on antemortem examination could
be slaughtered under strict supervision. In areas where
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brganized slaughter i1s absent, the test could be used to

eeiect'vely remove hydatid infected animals.

Diagnosis and treatment in humans

Diagnosis of unilocular hydatid disease in man is usually
Lased on case history and clinical symptoms which are non-
specific, associated with pressure effects of the growing
ost. Diagnostic aids available to the clinician include;
radiology, scintigraphy, computerized axial tomography,

ultrasonography and a number of iImmunodiagnostic techniques.

For a long time, medical diagnostic facilities in Turkana
district were scarce and hydatid diagnosis relied heavily on
clinical diagnosis alone. As the region has such a high
prevalence of the disease, 1t iIs possible that every space
occupying lesion diagnosed was a hydatid cyst unless proved
otherwise. But 1t may be noted here that, Turkana people do
recognize the disease, especially when the pressure symptoms
are fully manifest and i1t iIs at this stage that self-

diagnosed patients seek help at the medical centres.

installation of an x-ray at Lodwar hospital in Turkana
mProved the diagnosis of the disease, especially of extra-
pbdomina™ cysts. During the preparation of a control
°Oramme 1In Turkana It became obvious that there was need
for:n'}fre specific diagnostic aid that could be used for
scale epidemiological surveys. Different serological

investigated using sera from surgically proven Turkana
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H tid patients have resulted in false seronegativity rates
IFbetween 44-55% (Chemtai et al., 198la,b; Okelo and
Altai® 1981; Okelo and Kyobe, 1981; French and Inger-a,
19 Craig et al., 1986b). This is puzzling as observations
other endemic hydatid regions including; Europe
Uradstreet, 1969), the Middle East (Matossian and Araj,
m0/5)/ South America (Varela-Diaz et al., 1975) and Australia
[Rickard, 1984) have resulted in fairly accurate correlation
Letween seropositive rate using indirect haemagglutination
Lest (IHA) and complement fixation test (CFT) infections. A
jthermo-stable hydatid antigen has recently shown promising
Lesults, with specificity and sensitivity of more than 80%,
in the diagnosis of hydatid patients in Kenya (Njeru,
jersonal communication). This will be of great advantage in

‘he treatment of human hydatidosis in Kenya.

Je use of ultrasonography in the diagnosis of hydatid cysts
n Turkana was introduced iIn 1984 and i1t soon proved much
superior to serological diagnosis (Macpherson et al., 1987)
E"'specially for repeated annual mass surveys. Annual mass
Ultrasound scanning surveys are now used iIn preference to
peroepidemiological surveys in the Turkana hydatid control
programme. The advantages of the scanner over clinical and
Feroiogical diagnosis for such surveys are numerous
deluding, being non-invasive, rapid, less expensive,
prevides instant results and iIs more acceptable and
INationally valuable to the people (Macpherson et al .,
ro8) Bespite its limited ability for use in diagnosing
a-abdominal cysts, the prevalence data obtained with this
tedm

I9ue has been found useful iIn the surveillance of the
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ease in the control programme as it also includes the 0-5

e, aS 1ts a non-invasive method (Macpherson et al., 1987).

Ugety has for a lon9 time been the method of choice for the
atment of patients with hydatid disease iIn Kenya.

ovever, postoperative recurrence rates of 20% and 22% have

e reported from Turkana (O"Leary et al., 1979; Macpherson

L aJ,, 1987). Prognosis following surgery is usually poor,

specially in multiple cyst cases or where cysts are

ifficult to extract whole. The need for chemotherapy is

herefore great in this area and drug trials have

oncentrated on mainly praziquantel and the benzimidazole

erivatives including, mebendazole, albendazole and
lubendazole. This group of drugs have shown significant
fficacy against unilocular hydatidosis (Eckert, 1986). From
96 to 1981, mebendazole was used for the treatment of human

lydatidosis 1n Kenya but gave poor results (Okello and

mental, 1981; French, 1984). Additionally there were

gports of severe glomerulonephritis 1In some of the patients

heated (French, 1981; Kung®u, 1982). Albendazole 1is

urently being tried In Kenya and iIs proving to be a

kFmising drug i1n this field (Okello, 1986). Favourable
esPonses with this drug have also been reported from other
lats of the world which has so far demonstrated no serious

ick effects (Eckert, 1986).

ViIv® experiments with praziquantel have yielded promising
tﬁE”"E in the treatment of hydatid cysts in mice (Richards

" 1988). This results are “supported by in vitro
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s with protoscoleces of E. granulosus as has been shown
(9]
~er countries (Morris et al. , 1986) and recently, 1n

(Lubano, personal communications)

{e\a

155 Control of hydatid disease iIn Kenya

Ldatid disease In Kenya i1s found mainly among nomadic
Lmmunities who have a different life style to that
revailing in other countries, where control programmes have

cessfully been iInitiated among settled communities.

following a number of reports on the high incidence of human
ydatid Enfections among the Turkana people of Kenya (Wray,
B3; Schwabe, 1969; Rottcher, 1973; Irvin, 1974; O"Leary,
9/6), a Hydatid Research Unit was set up in Turkana. The
nit was to find out more about the disease iIn Turkana, and
ventually institute a control programme. The unit was
stablished by the African Medical and Research Foundation
AMREF) 1In 1976 (AMREF, 1977). Between 1977 and 1982,
onsiderable amount of information was accumulated and formed
he subject of many publications on the human distribution of
he disease (French et al ., 1982) and hypothesis to account
{ the remarkably high prevalence of the disease In man
AFench and Nelson, 1982), and the role of man (Macpherson,
wildlife (Macpherson, et al., 1983), dogs (Macpherson
1985) and livestock (Macpherson, 1981) in maintaining
’mife cycle of the parasite In Turkana. Additionally the
Tel°gy ~he parasite (Macpherson, 1981; McManus, 1981;
" hrson and McManus, 1982; Macpherson and Smyth, 1985) and
P°ssible mode of i1ts transmission In Turkana (Stevenson
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d’\anhers°n, 1982) were also studied. With this
T

rmation, options for control strategies were critically
kvarﬂ?ted (Macpherson et al., 1984b) and iIn 1983 a hydatid

fmtml programme was started by AMREF i1n conjunction with
Kenya Ministry of Health in the northwest of Turkana
I"pherson et al., 1984a). This was the first attempt of
I ntrolling hydatid disease In a nomadic community. The
Lontrol measures adopted in this programme were described

L r].ier In the first chapter.
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Chapter 3 <

STuDY OF STRAIN VARIATION WITHIN E. GRANULOSUS IN KENYA

£l INTRODUCTION

L haS become increasingly evident in recent years that the
knowledge OF the existence and extent of strain variation
Lithin E. granulosus is important for the effective control
Lf hydatid disease (Schwabe, 1968; Thompson, 1979; WHO, 1982;
Thompson, 1986). This follows the recognition that different
mtrains of Echinococcus may exhibit differences in their
Infectivity to man (Nelson, 1972; Thompson and Smyth, 1976;
fdlarus, Smyth and Macpherson, 1985), rate of maturation
e umaratilake et al., 1983; Thompson et al., 1984) or

sponse to particular drug treatments (Saimot et al., 1981;

hantz et al., 1982; Kummerer and Schantz, 1984).

udies on characterization of E. granulosus parasite In

InYa were started iIn 1978 and have since formed the subject
a number of publications (McManus, 1981; Macpherson; 1981,
P’herson and McManus, 1982; McManus and Macpherson, 1984;

cPherson and Smyth, 1985;

Berson et al., 1986a). However, the results of these
td

'es have not been fully conclusive and further studies

been suggested.



P Morphological approach

nology has been a major criterion used in the taxonomy
speciation of Echinococcus, possibly due to i1ts low cost
the fact that it does not require sophisticated
juiPTent' It also has the advantage iIn that i1t does not
Lped on the availability of fresh material. Different
hors have pointed out the variability of most of the
Drphological characteristics of the parasite depending on
he age, relaxation and fixation procedure (Verster, 1965;
frogem, 1977), the definitive host species (Rausch, 1953;
oxel, 1957; Lubinsky, 1960a,b, 1962; Sweatman and Williams,
XBX; Verster, 1965; Dailey and Sweatman, 1965; Smyth and
nyth, 1968; Schantz et al. , 1975; 1976), and its
utritional, hormonal, health and immunological status (Gill
nd Reo, 1967; Rausch 1967a). In addition, hook morphology,
specially the number (Lubinsky, 1960b; Sweatman and
illiars, 1963a; Verster, 1965) and shape of the rostellar
oks (Sweatman and Williams, 1963a), has occasionally been

oud to vary In parasites from different intermediate hosts

Ominimize the host influence on the morphology of the
arasite, Rausch (1967a) advocated the use of littermate
XPerimental definitive hosts to obtain material for
(WParative studies. It has also been stressed that the
*erial used should be of the same iInfection age and
tQoessed In a standardized manner (Verster, 1965; Thompson,
77 Kumaratilake, 1982). Kumaratilake (1982) has further

~sized the importance of using a combination of



c>Iogic:al characteristics as a measure of eliminating
idividual variation.

~ulosus 1In Kenya was first identified by Nelson and
%;cﬂ \91963) on a morphological basis only. The
Lphol°91cal features studied included; strobilar length,

of segments, position of the genital pore, number and

Lgtribution of testes, shape of the gravid uterus and the
ze of the rostellar hooks. Later, Macpherson (1981) further
anined the morphology of experimentally and naturally
btained E. granulosus worms from dogs and jackals, and the
orphology of larval hooks from different intermediate host
pecies, In an attempt to elucidate the speciation pattern of
he parasite In Kenya. He concluded that E. granulosus 1in

ena was morphologically homogeneous.

nthe First part of the present chapter a more detailed
tdy of the morphological features of the adult E.

ranulosus 1Is undertaken i1n order to more comprehensively
haracterize the parasite iIn Kenya. In addition, the Kenyan
arasite i1s morphologically compared to E. granulosus worms
*the same iInfection age from Australia, Britain, Canada,
uth Africa and Switzerland. The results are discussed In
e light of the rest of the chapter which includes the

eelopmental and DNA studies of the Kenyan parasite.

-1.2 Developmental approach

R (1957) demonstrated differences i1n the developmental

alss - -
of E. multllocularls and E .*granulosus iIn dogs. Since
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_ Jnumber of developmental studies, both in vitro and in

= have been carried out and utilized In taxonomy of

d1i*OCOCCUS at the species and subspecies levels (Webster
Cameron, 1961; Williams and Sweatman, 1963; Thompson,
1977; Smyth, 1977; Smyth and Davies, 1979; Macpherson,

Bi: Kumaratilake, 1982; Thompson et al., 1984)

"vitro developmental studies of E. granulosus of cattle,
a, sheep, goat and camel origins iIn Kenya showed no

~gnificant differences iIn growth and segmentation

Macpherson and Smyth, 1985). However, viable protoscoleces

fcattle origin have been shown to be of very poor

nfectivity to dogs when contrasted to those of human, sheep,

st or camel origin In Kenya (Macpherson et al., 1985),

Ithcugh this was not reflected In the experimental

nfections 1n baboons where the parasite material of cattle

rigin was shown to be infective (Macpherson et al., 1986a).

e second part of the present chapter compares the

eveloprent of E. granulosus at day 14, 17, 21, 26, 35, 42
rup to the shedding of segments from dogs infected with
rotoscoleces of different iIntermediate host origin including
‘reV cattle, human, sheep and goat material. This forms
atof the study examining the E. granulosus strain pattern
*Ke*ya but at the same time seeks to determine the

rPatent period of the parasite.

- , .
3 Biochemical approach

tre last ten years speciation studies of Echinococcus have
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shift in emphasis from morphological and developmental
riter’\a in favour of a biochemical approach. This criterion
OIePendent on the least adaptive characters of the
BaSite' Most of the work done iIn this area has been based
the differentiation of genomically coded and carbohydrate
ﬁabolic products (Le Riche and Sewell, 1978; McManus and
vf‘yf 1978; 1979; Kumaratilake et al., 1979; Macpherson and

[waus, 1982; McManus and Smyth, 1982; Kumaratilake and
Lompson, 1984).

L abiochemical analysis of the composition and the
Ltabolic products of larvae and adult E. granulosus from
kya, McManus (1981) found some similarities between the
[aresite material of sheep and human origin, but distinct
Ifferences between the parasite material of cattle, camel
w goat origin both from each other and from that of sheep
rd human origin. Further examination of the Kenyan parasite
Birg 1soelectric focusing and isoenzyme analysis (Macpherson
i McManus, 1982) confirmed the similarities between the
kP and human forms of the parasite which were found to be
Iiferent from the parasite of camel origin. Inconsistent
eurts were obtained with parasite material of cattle origin
wd closely resembled the sheep and human forms of the
assite. Enzyme analysis of E. granulosus of goat origin
eeaaled two types of patterns, one similar to the camel form
I parasite while the other resembled the sheep and human
N °f the parasite. Although these results revealed the
ex nature of E. granulosus strains iIn Kenya, no

*fcal conclusions could be drawn.
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biochemical method, DNA sequence analysis, has been

r ith much success 1In other countries to differentiate
‘&,\Wlt
ety related organisms, including Echinococcus strains

ms(rm et al., 1981; Curran et al., 1985; McManus et al.,
This method offers a more sensitive strain

j,\aracterization technique than has been used before in

lenea

ssed products.

pPre

. as 1t studies the genomic "library"” rather than the

L athird and final part of the present chapter, the study
Lg at characterizing the hydatid parasite strains in Kenya,
sig specific sequences among the parasite DNA fragments

sparated by gel electrophoresis.

2 MATERIALS AND METHODS
1?1 Source of parasite material

rotoscoleces were obtained from hydatid cysts removed from
Rurally infected sheep, goats, and cattle slaughtered at
L (Athi River), Ongata Rongai and Dagoretti abattolirs near
ar<di. Cysts were also obtained from camels, goats and
fde slaughtered at Lodwar abattoir in Turkana. Two

cysts were obtained at surgery on a Maasail patient.

Nability of the protoscoleces was assessed using the

delusion dye test (Smyth and Barrett, 1980). Only

having a viability of more than 75% were used.
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1If£/l(sg_leces from the same intermediate host species were

Jec- Storage of the parasite material was at 4°C but

bjlity was reassessed before use. Protoscoleces from

Jdual hosts, intended for DNA studies, were rinsed three
in sterile phosphate buffered saline and preserved

mately in 70% ethanol.

22 Experimental infections in dogs

xteen litters of two to eight, totaling to 61 puppies of
nt two months old, were purchased from Kawangware in

irobi and around Lodwar in Turkana. The Nailrobi puppies
oprised of a mixture of breeds but the puppies from Lodwar
re composed solely of the Turkana breed of dog. The

poies were dosed with CanexR (Pyrantel pamoate, Pfizer,

K) and DroncitR (Praziquantel, Bayer, West Germany) to
intdate any naturally acquired helminth infections. The
¢were reared in kennels i1n Nairobi or Lokichokio and
intained on a ration of cooked meat and dog meal (Unga

K, Nairobi) supplemented with milk and water ad libitum.

ddog was starved for 18 hours prior to being fed a 0 .2ml
%iot of pooled protoscoleces sediment (approx. 160,000
nee) packed iIn a gelatin capsule. Tables 3.1 and 3.2 give
Sjrary of the number of dogs infected, including the

rMion of infection.
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Collection of worms

3JpPi1eS were sacrificed at various days post infection
bl 3.2) by an intravenous injection of Euthatal after
e

i starved for eighteen hours. The small iIntestines were
ing

er0ved and opened longitudinally and then incubated

LparatelY for one hour in warm saline (37°C). The detached

aranulosus worms were then relaxed for two hours iIn water
r
the level of iInfection estimated as either light (1-200),

Ldium (201-1000) or heavy (>1000).

p 4 Preparation of worms for morphological examination

Lole specimens of the experimentally obtained worms were
Mared with lactic acid carmine or semichon®s acetic carmine
[dthen dehydrated in increasing concentrations of ethanol.
”Hworms were then cleared 1In xylene and mounted in DPX.
sstellar hooks from the 35dpi (days post infection) worms
me prepared for study by detaching scolices from strobilae,
tearing 1n Berlese and mounting under gentle pressure to

pe the hooks lie flat (Fig. 3.1). The rostellar hook

Burements were as shown in Figure 3.2.

mad and mounted 35dpi E. granulosus worms from various
of the world were kindly made available for study by
“Gssor R.C.A. Thompson of Murdoch University, Western
"ralla. The worms studied were of sheep/dog and
r°Pod/dingo (Australia), horse/dog (Britain), moose/dog

*Ma), cattle/dog (Switzerland) and cattle and human/dog
cuhAfrica).
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GrE 3.1
E. granulosus rostellar hooks orientated for

measurement (hote the alternating pattern of
large and small hooks)
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TL - Total length; BL - Blade length;
HW - Handle width; GL - Guard length

SURE 3 . 2

A diagram of E. granulosus large rostellar hook
showing method of measuring the hooks
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Morphological examination of the worms

1ai-led morphological studies were carried out on the

_ and the rostellar hooks of the 35dpi worms of the
Jobilar
ferent intermediate host origin from Nairobi and Turkana.

_ 3Bdpit worms from various parts of the world were studied

o)

LOnipared among themselves and also with the Turkana worms

g

ESIiniiar infection age. The parameters and the sample size

edare summarized in Tables 3.3 and 3.4.

jrphological studies of the 14, 17, 21, 26, and 42dpi worms
e carried out, noting the growth and developmental
matures which i1ncluded, segments, genital rudiment, testes,

Ims sac, genital pore, ovaries, uterus, zygote and eggs.

26 Data analysis

Esegmentation and maturation data were analysed for

leckes and host differences using two way tables for each
tttemate set and period post infection. For each table a
"i-squared statistic was calculated and significance of
Lfference in the results obtained determined. Overall

delusions were drawn by considering the results from all
vrs,,

27 E. granulosus DNA extraction

B o leces of cattle, camel, sheep and goat origin

aved in 70% ethanol as described earlier, were used for
etraction as described by McManus et al., (1985). They
rinsed thrice in distilled water, leaving them to stand
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out two minutes between each rinse, to allow for
nple@ rehydration. The protoscoleces were then sedimented
ntritu9a”™on # an Eppendorf-centrifuge for 30 seconds
dme water decanted. About 0.15ml of packed protoscoleces
gently resuspended In 1ml of extraction buffer (G0mM
.B/Q;I- 8.0; 50mM EDTA; BI0OmM NaCl.). Then 50ul of 10% SDS
dium dodecyl sulphate) was added for lysing the
toscoleces and an equivalent amount of 2% proteinase K, to
gest the proteins.  This was mixed gently and incubated in
50°C water-bath for three hours. The extraction of the DNA
gthen carried out using buffered equilibrated phenol
floned by phenol-chloroform and chloroform extractions,
e total DNA was then precipitated in 3M sodium acetate
Iov/v) and cold absolute ethanol (1:2.5v/v). The DNA was
& looped out using a sterile sealed pasteur pipette and
shed for 10 minutes iIn 70% ethanol, after which i1t was
ssolved overnight iIn a suitable amount of Tris-EDTA (10mM
is-Cl pH. 8.0; ImM EDTA). The concentration of the DNA was

timated by taking the optic density (0.D.) values at 260 &

0O n.

~s8 Digestion and separation of the DNA fragments by gel

electrophoresis

@stion of the DNA (Gug) with restriction enzymes was

mied out to completion using the conditions recommended by
Hrufacturer (Boehringer Mannheim Laboratories). The DNA
Nts were then separated by horizontal electrphoresis

N
c’hstant voltage, 17hrs) on 0.8% (w/v) agarose slab gels
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fOmolPhenol "blue was used as a tracking dye. Different

tion enzymes which included: Taq I, Hinc 1I, Rsa I,
Str:ii Sau 3A I, Hae 111, Ava I, Hinf I, Alu I, SFI H, Not
8m1' and EcoR 1, were tested. The gels were then

cpd In ethidium bromide solution for one hour(lug/ml) to

in the DNA material. The gels were then viewed under a

3
light. Only Sau 96 | gave appreciably distinct bands

ich could be observed on the gel and Sau 96 1 was therefore

o for comparison studies of the different isolates.

3 RESULTS
31 Experimental infections i1n dogs

e results of the experimental infections 1In dogs are
marized in Tables 3.1 and 3.2. Of the 61 experimental

g three died of suspected parvo-virus infections. Two of
epuppies were found negative for E. granulosus on autopsy,
Ie 47 of them (81%) harboured medium or heavy infections
tte parasite. Only two of the twelve puppies infected
~worms of cattle/dog origin had heavy infections compared
+#more than half of the puppies dosed with protoscoleces

carel (10/12), goat (10/17) and sheep (6/15) origin.

32 Developmental rate

&= 3.1 and 3.2 give a summary of the rate of development
y°9lottids and maturation of worms in dogs from Nairobi
Tlurkana
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3-1

T segmentation of E. granulosus worms in dogs fed with
s “oleCes of different intermediate host origin

p1?

Experimental % of total number of worms with Statistics
dogs Number 0. 1, 2 or 3 secfnents (p<0.01)
of worms
Origin/No./sex examined per dog Zero One Two Three
cattle N N 1 M 92 Tow 49 51 a
1 goat N N 1 F 97 high 9 91 b
sheep N N 1 F 95 high 68 32 c
2 cattle N T 1 M 61 high 41 59 a
sheep N T 1 33 high 48 52 a
goat N T 1 F £
3 goat N N 1 M 129 high 14 55 31 a
sheep N N 1 F 83 medium 35 65 b
cattle N N 1 M £
4 cattle N N 1 M 119 medium 2 61 37 a
goat N N 67 high 3 84 13 b
sheep N N 1 F 129 medium 11 64 25
5 camel T T 1 M 265 high 1 92 7 a
camel T T 1 F 181 high 3 92 5
goat T T 1 M 373 high 22 78 b
6 sheep N T 1 M 89 medium 15 83 2 a
camel T T 1 F 244 high 2 95 3 b
goat T T 1 M 238 high 16 84
17 cattle N N 1 F 55 Tow 22 65 13 a
goat N N 1 M 220 high 13 87 b
sheep N N 164 high 20 v 3 a
8 sheep N T 1 M 122 medium 1 51 48 a
camel T T 1 M 156 high 23 77 b
camel T T 1 M 90 high 59 41 a
goat T T 1 F 97 high 97 3 c
9 human N N 1 M 58 med i um 32 68
human N N 2 F £
LY cattle N N 3 M 76 medium 86 14 a
goat N N 3 F 195 medium 1 99 b
sheep N N 2 F 197 high 10 90 b
v cattle T T 1 M 100 high 2 98 a
canel T T 1 M 122 high 2 98 a
goat T T 1 M 102 high 100 a
H days post infection N Nairobi (hydatid cysts were from animals slaughtered
t Male around Nairobi which originated mostly from Maasailand)
Female T Turkana
<200 worms a.b.c Statistics - different alphabets denotes statistical
Iij 201-1000 worms difference (note: comparisons were only made among
l >1001 worms littermates)
dog died
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Rates of maturation of E. granulosus worms in
dogs fed with protoscoleces of different
intermediate host origin

Hydatid Number Number % of total number of worms with Shed Statistics
-ygt Experimental of of segnents (p<0.01)
origin dogs worms worms GR CS/T MS Zg SSE TSE in faeces

th exam- per

Origin/No./sex 1ined dog

cattle N N 1 M 92 Tow 51 a
! goat N N 1 F 97 high 91
sheep N N 1 F 95 high 32
cattle N T 1 M 61 high 59 a
. sheep N T 1 M 33 high 52 a
goat N T 1 F £
3 goat N N 1 M 129 high 55 31
sheep N N 1 F 83 medium 35 65 b
cattle N N 1 M £
4 cattle N N 1 M 119 medium *
goat N N 1 F 67 high *
sheep N N 1 F 129 medium
5 camel T T 1 M 265 high 1 63 36 a
camel T T 1 181 high 3 92 5 b
goat T T 1 M 373 high 12 78 10
6 sheep N T 1 M 89 medium ¥
camel T T 1 F 244 high 2 67 31 a
goat T T 1 M 238 high 16 80 4 b
7 cattle N N 1 F 55 low 78 22 a
goat N N 1 M 220 high 40 60 b
sheep N N 1 F 164 high 46 54 b
9 sheep N T 1 M 122 medium 8 79 13 a
camel T T 1 M 156 high 38 62 b
camel T T 1 M 90 high 50 50 b
goat T T 1 F 97 high 97 3 a
9  human N N M 58 medium 14 86
human N N 2 F £
D cattle N N 3 M 76 medium 100 a
goat N N 3 F 195 medium 76 10 14 b
sheep N N 2 F 197 high 100
a -
cattle T T 1 M 100 high 17 32 51 a
camel T T 1 Mo 122 high 45 40 15 b
goat T T 1 M 102 high 5 28 67 a
a
sheep N N 1 M 48 Tow 3B 75 a
sheep N N 1 M 59 medium 100 b
cattle N N 1 M 68 medium 3 80 17 c
goat N N 1 F 55 medium 10 90 b
cattle N N 1 M 48 medium 21 44 35 d
goat N N 1 F 48 Tow 88 12 (e
a
camel T T 1 F 89 medium 68 22 10
Qoat T T 1 M - high £ ¢
cattle T T 1 F medium ¢
camel T T 1 M - high .
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30 @

uydatid Number Number % of total number of worms with Shed Statistics
X9 cyst Experimental of of segments (p<0.01)
) origin dogs worms worms GR CS/T MS Zg SSE TSE in faeces
njnber exam-  per
Origin/No./sex ined dog
camel T T 1 M - high *
sheep N T 1 F high *
camel T T 1 M high *
goat T T 1 M 0
sheep N T 1 F - Tow *
sheep N T 1 M - medium *
goat T T 1 M - Tow
camel T T 1 F 0
. camel T T 1 F - high .
sheep N T 1 F - medium .
goat T T 1 M - high
camel T T 1 M medium
@as post infection N Nairobi (hydatid cysts were from animals slaughtered around
Kale Nairobi which originated mostly from Maasailand)
Ferrale T Turkana
<200 worms a.b.c.d Statistics - different alphabets denotes statistical
1 201-1000 worms difference (note: comparisons were only made among
>1001 worms littermates)

jravid segments
shed in host faeces

genital rudiment CS/T
2yote SSE

staining not distinct for morphological study
dog died

cirrus sac + testes MS mature segment
soft shelled eggs TSE thick shelled eggs

®1 Variation iIn development rates in worms of similar

age and origin but from different dogs

lilr rates of segmentation, but iInconsistent results for

Nation, were observed between sources of protoscoleces

within the same intermediate host species. Significant

“Fences (p<0 .01) were found between 21dpi camel/dog worms

~kana dogs and 42dpi sheep/dog and goat/dog worms in

dogs.

68



o Variation iIn development rates in worms of different
32"

origin but of similar age and from littermate dogs
ﬂemere significant differences (p<0.01) among worms of
fferen't intermediate host origin, both In the rates of
tation and maturation for all days post infection in
bl and Turkana dogs, except at 14 dpi and segmentation
Hdpt in Tur™ana dogs. However, examination of the data
~es 3.1 and 3.2) does not show any consistent pattern,
example In the comparison of protoscoleces of goat origin
those of sheep origin in the Nairobi dogs at 17, 21 and 26
, the worms of goat origin had statistically (p<0.01)
va segments than the worms of sheep origin, while at 14
135 dpi the reverse was true. At 26 dpi, the worms of
a&origin from Turkana dogs were the least developed but

spicture was reversed at 35 dpi.

tshedding of gravid segments was observed 38 to 51 dpi iIn

perimental Turkana dogs, irrespective of the source of the

Acting protoscoleces.

2.3 Comparison in the rates of parasite development

between Turkana and Nairobi dogs

Zanulosus worms from experimentally infected Turkana dogs
~ted a faster development rate compared to the worms
* Nairobi dogs. This difference was not significant
UPi1. However, by 17dpi onwards significant (p<0.01)
hﬁhces in the percentage of segmentation and maturation
@gh worms experimentally obtained from Turkana and

(L dogs, were observed. Eleven of the fourteen Turkana
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~entally infected dogs maintained with E. granulosus
@ion beyond 35dpi, were observed to shed gravid segments

faeces at/or earlier than 43 dpi. However, only in
I0F six Nairobi dogs autopsied 42dpi had worms developed
d,:shelled eggs. Figure 3.3 shows a comparison of E.
pilosus worms of goat origin from Turkana (35dpi) and

bl (42dpi1) dogs.

J3 Morphology
33.1 The Kenyan parasite

granulosus worms experimentally obtained from dogs
rdessd from Nairobi and Turkana showed much similarity 1in

Jrmorphology.

stellar hooks (Table 3.3)

dl the worms studied, the two rows of rostellar hooks

rearranged In such a way that the large and the small

Ysalternated (Fig. 3.1). Occasionally small extra hooks

r a third row of iIncomplete minute hooks were observed,
in worms of camel origin but not of goat origin. The
number of rostellar hooks in the worms of cattle/dog,

nP/dog, human/dog and goat/dog origin were not

~ficantly different and showed little individual

tation. They deferred significantly from those of

r/dog origin, which also displayed a lot of individual

~ton. In general the shape of the rostellar hooks in

1th
e samples was smooth with minimal variation.
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cure 3.3 A. E. granulosus of goat origin from a Turkana dog
(3B5dp1 - with thick shelled eggs)

LQUE 3.3 B> granulosus of goat origin from a Nairobi dog
(42dp1 - with soft shelled eggs)
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3.3

rements of rostellar hooks of E. granulosus
different iIntermediate host origin

35dpi)

IIfi[nentauy obtained from Nairobi dogs

Length (um)

tosol 160es
Human Bovine
hE B
n »60 n >60
Hnsssa 31+1 35+1
tuocka
ital length 31.6+1.2 32.8+1.3
ade length 12.3+0.6 12.1+0.8
ndle width 6.5+0.6 5.2+0.7
ard length 7.0+0.7 6.8+0.7
1 hooks
tal length 24.4+3.0 24 .5+2.7

Sheep

n >90

35+2

36.6+2.0
12.4+0.6
6.0+0.5
7.4+0.8

24.3+2.9

Goat
G
Statistics
n >90 p<0.05
33+1 b3 sa gf
b
37.1+1.4  ba s
12.6+0.2  ba s° (¢
a
6.9+0.7 ba s° ¢
7.8+1.0 b3 s? ¢
a

Q5

31.3+2.9 b3 s

terimentally obtained from Turkana dogs

Length (M)
icoleces
Bovine Camel
C
L n = 60 n » 60
I niinber 34+1 39+4
1hooks
F- length 33.1+1.8 34.1+2.9
IS length 11.9+0.3 14.1+0.8
Ffie width 6.6+0.7 5.9+0.9
P length 7.2+1.0 7.6+1.0
<hooka
rl length 23.442.3 23.4+2.3
n .30

Goat

n - 60

34+1

37.1+1.0
13.2+0.7
7.2+0.7
8.0+0.7

26.5+2.8

Statistics
p<0.05

8

Ba Ga

Ba
B3
B3
B3

Gb
Ga
G3
GC

8888

Ba

8

Gb

=tatistical comparison not undertaken in this case as the
ected puppy was not part of the litter.
erent superscript denotes that statistical difference

wha found
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. a protuberance which occurred in about 30% of the

<€

roStellar hooks of worms of goat/dog origin (Fig. 3.4),
‘ge
OOCasionally observed on the dorsal surface of the large

in the worms of cattle/dog, human/dog, sheep/dog and
ieI/clog origin. The worms of goat/dog origin were also
g to posses significantly (PC0.05) larger hooks in
sios Fespects.

strobilar

than 90% of the worms from each experimentally infected
had three segments 35dpi, except worms of human/dog and
tle/dog origin grown in the Nairobi puppies, where 80% and
of the worms respectively, had three segments. The ratio
(te last segment to the whole worm or to the anterior

was not significantly (p>0.05) different in worms

lired from the same litter except those of goat/dog origin
YeNairobi dogs. The position of the genital pore was
dto be either slightly anterior or posterior in mature
eits but mostly posterior in gravid segments and little
ation was found in all the worms examined. The

Itimate segment in the gravid worms was found to be

fiably mature and the ante-penultimate was at the genital

Bt stage of development (Fig. 3.3).
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Rostellar hooks of E. granulosus of goat origin showing
the protuberance on one of the large hooks
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B

bhber of testes varied from 35 to 60 in the worms of
ie/dog, camel/dog, goat/dog and sheep/dog origin, but the
rsOf human/dog origin had between 45 and 72 testes.

ver the differences were not significant (p>0.05). In
tte worms, less than 50% of the testes were above the

tal pore except In human/dog parasite (mean 52%).

diy two rows of testes occurred below the vitelline

ids (Fige+ 3.5).

J8 sac

eevwas very little variation in the shape, angle, length
isiz of the cirrus sac. The size, which measured
By gave i1t a spherical shape. The cirrus was tilted

ddy anteriorly.

& reproductive organs

were no significant variations i1n the female

roductive organs. The two ovaries were attached on the

& side and were lung-shaped and lobulated. The gravid
Bhad well developed sacculations and extended to the
~imate segment. The reproductive ducts were observed to
~ough a number of coils before and after the seminal

fcacie (Fig. 3.6).
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IBCRE 3.5

Diagramatic representation of a mature penultimate
segment of E. granulosus from Kenya (camera lucida)
showing the distribution of testes (note the two rows
beitow the vitelline glands)
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3.6

vagina
ovary

seminal receptacle

seminal duct

oocapt
oviduct

uterine duct

vitelline glands

Female reproductive system of E. granulosus from Kenya

(note the coiled ducts)

7f



59 Comparisons of the Kenyan parasite with

g- granulosus from other countries

OCpPhological comparisons of the Kenyan parasite with E.
Mllosus from Australia, Britain, Canada, Switzerland and

ijfrica are summarized in Table 3.4.

Kenyan parasite showed close affinity to the moose/dog
pad®), human and cattle/dog (South Africa) and cattle/dog

jtzeriand) parasites but differed significantly from E.

losus from Australia.

4 Sequence of DNA fragments

ils of electrophoretic seperation of E. granulosus DNA

meits resulting from Sau 96 | restriction enzyme complete

isdan of DNA material of different intermediate host
nare presented in Table 3.5. Two distinct patterns were
ted, type 1 & 2 (Figs. 3.7 and 3.8). Type 1 pattern was
nad in all parasite material of cattle and sheep origin,
Balso observed from all the parasite material of goat
Iexcept from two isolates, from which type 2 pattern
"senved. The observed patterns had no correlation to
Blocation of the hydatid cysts i1In the hosts. The two
6 showing type 2 pattern were from a lung and a liver
Stained from a single Maasal goat. The DNA material
& from the two protoscolex samples of camel origin did
Ilvany separation on the gel electrophoresis although

friction enzyme digestion process was similar in all
 (Fig. 3.8).
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morphological comparison of adult Echinococcus granulosus
Kenya and other countries

(35dpi) from Turkana,

cal

Jtf books

of seg.
rPart
\wormy

6 of

HEpore
DOf

iy

tellire

I»e

Kenyan parasite material
(goat/dog sheep/dog)
(cattle/dog)

(camel/dog)

(human/dog)

Large S small hooks
Alternate 1:1
mostly have smooth
edges

Varied

Varied (30-40)

3 (over 90% of worms)

apprx. 1:1

apprx. mid-point but mostly
posterior in last seg.
penultimate

thick shelled

48 (35-60) but
human/dog (45-72)
<50%

human/dog 55%

2 rows

spherical

90u (70-100)
85u (70-100)
tilted slightly
anteriorly

lung shaped
£ lobulated
upper side

well developed

coiled before and
after seminal receptacle

Those similar to the
Kenyan parasite

1.2.3.4.5 £ 7
1.2.4.5 £ 7
3£6

1.2.3.4.5 & 7

4.5 £ 7

1.4,5 & 7

1.4.5 &7

1.4. 6 & 7
(35-56)
4

4 (2-4 rows)

1,2,4.5. £ 7
1¢£ 4

1.3.4.5.6 & 7

1.4.5 £7

1.4.5 £7

1.4.5 £ 7
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Parasite materia) from other countries
(1 moose/dog - Canada
(2 horse/dog - Britain
(3 sheep/dog - Australia
(4 human/dog - S. Africa)

5 cattle/dog - Switzerland)
6 macropod/dingo - Australia)
7 cattle/dog - S. Africa)

Those disimilar to the
Kenya parasite

6

alternate 1:2

3 £ 6 notches

and protrubrances
1.2.4.5 £ 7 much large
6 (mean 58)

1.2,3 & 6 (range 2-5)

4,5 & 7

& 3 posterior

£ 3

N ON PP O

2,3 & 6 zygote

2.3&5

mean <36
1.2,3.5.6 & 7
>50%

1,2,3.5,6 & 7
(@ row or none)

3£ 6 piriform

2.3.5.6 £ 7

7 pointed anteriorly

2.3 & 6

2.3 & 6 middle

2.3 & 6 poorly developed

1.2.3.4.5 £ 7 not coiled



KE 3°5
Hydatid DNA Sau 96 1 restriction enzyme digest gel
electrophoresis fragment patterns

Hydatid cyst Host Pattern
Tissue location Species Origin
liver cattle Maasailand type 1
lung cattle3 Maasailand type 1
liver cattle3 Maasailand type 1
lung cattle Maasai land type 1
lung sheep Maasai land type 1
lung sheep Maasai land type 1
lung sheep Maasai land type 1
liver sheep Maasai land type 1
liver/lung goat Maasai land type 1
liver goat“ Maasai land type 2
lung goatb Maasai land type 2
lung goat Turkanaland type 1
liver goat Maasai land type 1
lung goat Turkanaland tyge 1
lung camel Turkanaland
lung camel Turkanaland 7

nilar alphabetical superscript indicates cysts obtained
onthe same host animal.
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Molecular markers (labda Hind iii/EcoR 1 double
digest) - 7: ENA parasite material of sheep origin -
2 £ 4: cattle origin - 1 6 3 and goat origin - 5 & 6.

GRe 3.7

Electrophoretic profile of Kenyan hydatid parasite

DNA fragments following Sau 96 1 complete digest,
showing two distinct patterns: type 1 - Nos. 1,2,3,4 &
6" type 2 - No. 5

8l



DR parasite material of cattle origin - 1; sheep
origin - 2 & 3; goat origin - 4.6 & 7 and camel

origin - 5 (showed no seperation)

SFE 3.8

Electrophoretic profile of Kenyan hydatid parasite DNA
fragments following Sau 96 1 complete digest, showing
the two patterns: type 1 - Nos. 1,2,3 & 4 and type 2 -
Nos. 6 & 7. No. 5 (camel origin) showed no separation.
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DISCUSSION

J_SceptibilitY of puppies purchased in Nairobi and Turkana,
hydatid material from different intermediate hosts showed
q\@_iall differences, but displayed individual variations
ng puppies fed with similar or different material. Such
ried susceptibility in definitive host to infection with E.
Laflulosss has also been reported by a number of workers
serster, 1965; Pandey, 1972; Macpherson, 1985). The
septibility of the puppies to hydatid material of cattle
Lgin was, however, much lower than the rest, an observation
so made by Macpherson (1985). This difference is probably
host induced factor, as cattle iIn Kenya have been shown to
poor hosts to the hydatid parasite, with most cysts being

pier calcified or sterile (Eugster, 1978; Macpherson,

D.

rate of development of E. granulosus has been observed to
in different individuals of the same host species
ster, 1965; Gill and Rao, 1967; Rausch, 1967a). The
Its of the present study were consistent with this
Nation and no difference could be attributed to the
cting protoscoleces of different host origin. The rate
evelopment of the parasite In Turkana puppies was,
Ver/ significantly (p<0.05) faster than in Nairobi
ies- Although statistical comparison was only carried
N worms from 16 puppies, i1t was also observed that

of segments i1n host faeces started much earlier in
Smdogs. Whereas this occurred about six weeks post

a@°n in Turkana infected dogs, 42dpi worms from all but
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o« Nairobi infected dogs had immature eggs and only a

s from the remaining dog had thick shelled eggs.
.- Infected dogs with E. ranulosus in Turkana, have
jraliy g g

found to harbour significantly heavier worm burdens than

fron the south of the country, despite similar infection

tibility with the parasite (Macpherson et al., 1985).
~Neref°re seems that the Turkana dogs are better adapted
J granulosus In Kenya, both in terms of the rate of

loprent and size of worm load In each dog. This may be a

ributing factor to the stability of the parasite iIn

tana.

ty-five-days post infection worms of different
Imediate host origin in Kenya were found to be
ithologically similar, with little variation,

lological differences between worms from Turkana and

> dogs were attributable to the observed difference In

ratie of development. This was iIn agreement with
as” (1965) observations that certain morphological

cteristics in E. granulosus are dependent on the degree

velopment of the parasite.

"ificant variations observed iIn number, size and shape

Cellar hooks 1n the Kenyan parasite material are
pY host induced. Extra minute rostellar hooks observed

r’éentonly in camel/dog material have also been reported
~oscoleces of the same host origin in Kenya

lason, 1981) and Syria (Dailey and Sweatman, 1965).
Qurrence of minute accessory rostellar hooks has been

in other hosts iIncluding goat, sheep, cattle and
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(Vogel/ 1957; Sweatman and Williams, 1963a; Williams
eatman, 1963; Rausch and Nelson, 1963; Verster, 1965;
afl S~ g
1972). Variability in the total number of rostellar

Ks has been demonstrated by Lubinsky (1960b), Sweatman and
llians (1963a) and Verster (1965).

findings of uniformity in morphology and in vivo
Bel°Pnent of E* granulosus i1n Kenya collaborates the
onclusions of McManus and Macpherson (1984) that larval
orphology and in vitro developmental studies of the parasite

5not readily detect great variation in the hydatid material

Idifferent host origin iIn Kenya.

eresults of the study of hydatid DNA characterisation,
lvaed two patterns of E. granulosus in Kenya, which
present distinctly genetically different strains of the
resite. Similar findings, but based on isoenzyme analysis
adies, were reported earlier by Macpherson and McManus

). 1In the isoenzyme studies (Macpherson and McManus,

D) parasite material of camel origin was shown to be

eilar to the rare form of the parasite of goat origin. It
therefore possible that hydatid DNA of camel origin

tared In the present study was of the same affinity.

Stable evidence, therefore, points to a sympatric

stence of two genetically and enzymatically distiguishable

ais of the parasite iIn Kenya. One strain, which appears
F more common, infects cattle, sheep, human and goat.
rare strain has been i1dentified from goat and camel. The

ks are physiologically and morphologically similar, but
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significance in chemotherapeutic treatment of the

Jerr

@&
ibution of the the two strains among the iIntermediate

iIs not as yet clear. This aspect, and the extent of

sis require Ffurther study. The unique band identified in
<aterial of the rare strain (Figs. 3.7 and 3.8) may prove
vale. 1T cloned, for characterisation of parasite

1 ates from the different iIntermediate hosts in Kenya.

erimental EInfection of baboons with E. granulosus eggs of
H, goat, cattle, sheep and camel origin from Kenya
jcpherson et al., 1986a) have iIndicated that all the

rnestic intermediate hosts of the parasite could be

taaal sources of hydatid infection to man. It is

aefoe advisable for the Turkana control programme to
sicer the two strains as cross-infecting among the
fermediate hosts until the epidemiological distribution

Jre Is determined.

atric existence of strains within the Echinococcus has
nsupported or refuted, depending on ones iInclination to
tThompson and Lymbery (1988) call models of intraspecific
dJon (Smyth®"s and Rausch®s models). Rausch®s model
@h, 1967a; 1986; Thompson and Lymbery, 1988) upholds
N fertilization as the normal breeding system in all
OF Echinococcus. Genetic flow under such state is
intained and phenotypic differences between
would only occur iIn case of substantial barriers
lov, such as ecological or geographical segregation,
am°der (Smyth and Smyth, 1964; Thompson and Lymbery,
~ ues that Echinococcus spp. are predominantly self-
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I Mitizing and that this, coupled to the clonal reproduction
I th0 Intermediate host, does not only favour the generation
Eggrahws as products of mutation, but also their

opagati°n even In the absence of any kind of segregation.

L results of the present study seem to favour the latter
jelm The same can be observed from the results of other
rkers Who have studied strain variations within

"mhinococcus by examination of the genome or its products
LcManus and Smyth, 1979; Macpherson and McManus, 1982;

Manus and Simpson, 1985; Bryant and Flockhart, 1986).

lopson and Lymbery (1988) have, however, pointed out that
tailed studies of the parasite genome of each isolate,
1compassing representative samples of the population under

wly, are required before conclusive genetic structure of

epopulation can be made.

morphology of E. granulosus, 35dpi worms of various
mestic host origin In Kenya differed in many respects
ale 3.4) from sheep/dog worms of similar infection age
*Australia. The domestic sheep/dog strain of E.
toulosus i1s probably the most widely distributed of E.
toulosus strains, covering most of Europe, USA, Australia
New Zealand (Thompson and Lymbery, 1988). The Kenyan
asite showed a number of similarities to E. granulosus
N from moose/dog (Canada) and cattle/dog (South Africa
SMtzerland) cycle but the highest affinity was to worms
hman/dog cycle of South Africa. The most striking
_Cities are the rate of development iIn the definitive
K

distribution of testes below vitelline glands and the
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TR of the ovaries. The reproductive duct of worms from
!Evari°us intermediate host origin in Kenya, was observed
have @ number of loops before and after the seminal
sicle ac® this was the only significant morphological
ature, different from the South African worms of human/dog

rigin-

i human/dog parasite from South Africa was TfTirst described
rddesignated E. g- granulosus by Verster (1965). The
tent of 1ts distribution in South Africa is unknown
verster, 1965). It is possible that this iIs the same
srasite found iIn Kenya, which may further suggest that it
asawide distribution from the south through east, and

:debly to the northern part of Africa.

kEfast development of the Kenyan parasite, as Is evident

n the presence of thick shelled eggs in 33-35dpi worms,

-ained from Turkana dogs, i1s similar to E. granulosus of

iI2/dg (Canada), cattle/dog (South Africa and Switzerland)
human/dog (South Africa) cycle. The Kenyan worms (37dpi)
cel origin studied by Kumaratilake (1982) and concluded
% retarded, were most probably normal worms with detached
I/d segments. As noted above, the rate of development of
Zanulosus may vary with definitive host species or

lan.  This puts to question the significance attributed to

aisons of E. granulosus worms obtained from different

nitive host species or strain.

rative genomic analysis 1S a parasite characterisation
“hat eliminates the taxonomic problems associated with
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nenotypic variation and is applicable to any life cycle

Of a parasite species. This may well in future provide

\ebasis for systematic characterization of strains within

. Echinococcus.
p genus
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Chapter 4

natural infection rate of dogs with e . granulosus in
e

TURKANA DISTRICT

J INTRODUCTION

agnosis OF E. granulosus i1n naturally infected dogs has

L used as a surveillance technique for monitoring progress
‘hydatid control programmes iIn New Zealand, Cyprus,

smenia and lIceland, (Gemmell, 1979). This parameter gives
indication of the iInfection pressure to dogs (Schwabe,

@) and can also be used to estimate the progress of an
ucational programme aimed at discouraging people from

eding hydatid cysts to dogs.

11983, a pilot hydatid control programme began in north
stem Turkana district 1n Kenya (Macpherson et al., 1984b).
econtrol area of 9,000 sg. km is occupied by the nomadic
ikaa people who herd cattle, goats, sheep, donkeys and
deis. Before the implementation of the control programme,
*Population of dogs i1n this area numbered between 6,000
**8,000 (French and Macpherson, 1983), but due to the

| drought (Appendix 1.1) and subsequent famine, less

N *p of these dogs remained at the start of the control

"M-ties (Macpherson et al., 1986b).

an Purpose of the present control programme in Turkana

Nstabilise the adult worth population iIn the definitive
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ot w reducing the number of dogs. This is done by

Jting °f the unwanted dogs and registering and dosing of
W

. rest with DroncitR every six weeks. [In addition;
ouraging the Turkana to have their bitches spayed and not

feed raw offal to dogs is an important component.

present study examines the rate of natural infection with
sranuiosus and other taeniids In dogs treated within the
ilot control area, to evaluate the necessity of maintaining
fe six weekly dog dosing regime, and the impact of the
ducational programme. An attempt is also made to assess the
%of arecoline hydrobromide for surveiIIE\nce under Turkana
onditions, and the effect of drought on the Echinococcus

nfection levels 1n dogs iIn Turkana.

2 MATERIALS AND METHODS
2.1 Prevalence of infection in Turkana dogs

ke yearly (1984-1988) infection levels with E. granulosus in
Os were obtained by autopsy of the unwanted dogs killed

the pilot control area. The worm burdens were
e’rded as either light (<200) or heavy (200). To
Bemi,e yhether there is a relationship between drought and
Te ICidbnce of E. granulosus and/or the iIntensity of the

InEeCtjions, 1979-1982 data (Macpherson et al., 1985) were
r ued In anaiySiS.
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2 Natural infection rates with taeniids in Turkana dogs

following Droncitp treatment

42

aBeIine taeniid infection rates of dogs iIn the control area
ae obtained from autopsy of unwanted dogs and the first
ed0iine hydrobromide (3mg/Kg) treatment of the wanted dogs.
latuial infection rates, fTollowing Droncitp treatments, were
tten Obtained from subsequent arecoline hydrobromide purges
g autopsies of dogs killed on request, or those abandoned
n the owners. Comparison between the iInfection rates from

jaﬁntopsied and purged dogs were made at 6, 12, 18 and 24 week

ntervals following Droncit treatment.

423 Diagnosis of Taenia spp. iIn dogs

Intestinal examination for tapeworms iIn dogs on autopsy was
caried out as previously described. Tapeworm diagnosis Iin
te arecoline purge was, however, done through a series of
(ashings and decantations iIn water on a black bottomed tray.
tapeworms or segments recovered on autopsy or arecoline
lue were preserved 1n 70% ethanol and later identified

**phological ly.

Identification of Taenia spp.-

entifiCation of gpecific species of taenia worms was

#r’ed out using a Taenia species key as provided in
dix 4.1.
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,nting of the scolex was done as previously described
@ePter ~ * Ma-ture segments were stained In aceto-carmine
~ dehydrated iIn a series of iIncreasing concentratibns of
Oten°l (30, 50, 70, 90 & 100%). The segments were then
clOared in clove oil and mounted in Canada Balsam. Before
iloutting, the segments were sectioned horizontally with a
razor on the dorsal and ventral surfaces, removing tissues to

level of the longitudinal muscle layers, thus exposing

tte reproductive organs.

425 Statistical analysis

To determine whether there was a relationship between drought
ad E. granulosus prevalence and/or infection intensity, a
standard chi-square test was used. The prevalence rates
across the years, as well as the proportions of all dogs with

ligit and heavy infections, were compared.

Regression analysis was used to compare the natural infection
rates In Turkana dogs as determined either by autopsy or

aec’line purge. The proportions of iInfected dogs were

transformed using the relationship:

y=1In [(z + 1)/(n - 2)J
where

n is number of dogs observed
2 1s number of dogs infected

and iIn i1s natural logarithm.
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pESULTS
-3

1 incidence rate of E. granulosus iIn Turkana dogs

re\\;ariation in the yearly E. granulosus infection level in
EEFQS iIs depicted In Figure 4.1. Chi-square analysis

Ded no difference among the prevalence rates for the
ifferent years, but there were highly significant

inferences among the proportion of infected dogs with light
Jheavy worm burdens. The proportions of dogs with heavy
Jm loads was highest towards the end of the drought

B2).

22 ldentifications of Taenia spp.

total of 200 Taenia spp. samples were examined

rphologically and all i1dentified as Taenia hydatigena. All
esanples fitted with the typical morphological description
h hydatigena (Appendix 4.1 ), except in six of them

@e the distribution of testes tended to be confluent below

*vitelline glands.
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80n

é% 60-
C
D
g
0
0 2o
%
0
Time (years) 1979 1980-- 1984 1985 1986 1987
1982
Number of dogs
examined 124 139 60 37 19 3
Estimated t
dog JL 11
population 6 - 8000 550 300 200
Estimated No
of dogs with
heavy i1nfections 1600 3300 85 75 65 50
Estimated No
of dogs with
light infections 2500 1400 265 65 50 55
Estimated No
of dogs not
infected 2800 2300 200 160 85 95
H % dogs with >200 worms
% dogs with 1 - 200 worms
O
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,, 0 Natural i1nfection rates with E. granulosus and
43

T. hydatigena in dogs in the control area

ults of the natural infection rates with E. granulosus and
hydatigena in dogs following Droncit’ treatment are
fesented in Figures 4.2 and 4.3. Of the 58 undosed dogs
t were autopsied 37 (63.8%) were found infected with E.
aulosus and 40 (69%) with T. hydatigena. Out of 190 dogs
urged with arecoline for the first time, only 33 (17.3%) and
3(38.4%) were infected with E. granulosus and T. hydatigena
espectively. Arecoline purge revealed no E. granulosus
nfection In 100 dogs examined six weeks following Droncit’
ireatment. However, two dogs were found infected with
mature stages of E. granulosus on autopsy of 12 dogs in the
ae category. The incidence of E. granulosus and T.
ydatigena in DroncitID treated dogs was found to increase
Iibh time (Figs. 4.2 and 4.3) and reverted to the pre-
hemotherapy level by six months. Comparison of the two
nfection rates of the two parasites showed no significant
inferences (p>0.05) i1n the slope of the relationship with
sds post-chemotherapy for either type of parasite or method
examination (Figs. 4.4 and 4.5). However, there were
Nificant i1fferences (p<0.01) i1n the levels of reinfection
kboth types of parasites and method of examination.
&Une purge was shown to detect more dogs infected with
atlgena than with E. granulosus, but fewer with either

BB yhen compared to autopsy (Figs. 4.2 and 4.3).
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INFECTION RATE IN DOGS

number of animals sampled
(X =x) diagnosis by autopsy
(- — -) diagnosis by arecoline purge

"IGRE 4 2

Natural increase in the infection rate of dogs with E.
9ranullosus following DroncitR treatment
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INFECTION RATE IN DOGS

() number of animals sampled
(x— xX) diagnosis by autopsy
(=— <) diagnosis by arecoline purge

IBR* 4.3

histral increase m “the infection rate of dogs with T.
yuatigena following DroncitR treatment
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In (x+ t/n-x)

““®B 4.4

Natural 1ncrease iIn the infection rate of dogs
e . granulosus following DroncitR
reatment: Regression lines






DISCUSSION

J.u.nediately prior to the introduction of DroncitR treatment,
1renatural infection rate of dogs with E. granulosus by

a*tqoSy in the control area was found to be 63.8%. Such a

mh prevalence had been recorded in this area for at least

previous four years (Macpherson et al., 1985). Although

adopted control measures included education of the people

gainst feeding of hydatid cysts to their dogs, the high

ncidence of E. granulosus iIn the untreated dogs remained

itatistically unchanged in the subsequent three years (Fig.

1).

rocitR (Praziquantel) 1is reported as being 100% effective

nremoving all Taenia spp. (Thakur et al., 1978). Following

rcn:ﬂ!D treatment therefore, the iInfection level 1Is expected

ofall to zero. In the present study, i1t was shown that the

eel of natural infection iIn this area returns to predosing

eels within six months (Fig. 4.2). This iIndicates that a

Wh infection pressure to dogs exists, which Is surprising

Onsidering the low prevalence of hydatidosis recorded among

~Nintermediate hosts in this area (Macpherson, 1981).

@PPerson (1985) and Gemmell et al., (1985) have shown that

distribution of hydatid cysts iIn the iIntermediate host
M is over-dispersed. Since a single hydatid cyst
~uce over a million infective protoscoleces, one cyst

Jtialiy infect a large number of dogs. The low
.fewe m the livestock can therefore produce a much

Ncidence in the domestic dog population. In areas
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WArethere are no abattoirs, such as iIn the present pilot
trol area, all cysts are likely to be thrown to dogs which
\Ingegate at the site of slaughter. The vastly reduced dog
nation in the pilot control area means that fewer dogs
aecompeting for the same number of cysts (provided the
incidence 1n man and livestock remains relatively constant),
erefore, infection pressure to dogs In such a case could be
pected to be higher than i1In areas with higher dog
ipuiations, resulting In a sustained high infection rate and
Icidence. This is i1n agreement with the postulate put
[fovad by Keymer and Anderson (1979), and Keymer (1982),
ating that where transmission of parasites from host to
st i1s achieved by i1ngestion of an infective stage, the rate
Finfection 1s dependent on the pressure of infection from
Weparasite (Ie. parasite density) level of exposure of the
cst to the parasite, the size of the host population and the
exding behaviour of the host. Although the prevalence of T.
hatigga among the iIntermediate hosts i1s higher than that
granulosus, this difference was not reflected in the
e of infection In dogs. This could be due to the high

~plication potential of larvae within hydatid cysts.

IS another factor that might contribute to the high
b“mtiOn rate iIn dogs by increasing the level of
a ility of hydatid cysts through livestock deaths. Dogs
control area were shown to harbour significantly
S)ere-»gremulosus worm loads (Fig. 4.1) towards the end of

1978/82 drought (Appendix 1.1) when the effects were most
e
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pokr@ed drought conditions was observed i1n Maasailand in
(ﬁ9 infected with E. granulosus (Ngunzi, 1985).

refore possible that 1n Turkana,

It 1s
prolonged droughts that

aeknown to occur every ten years or so (data from the

eeolorogical department of Kenya), may play a role in

periodically raising the prevalence of E .granulosus infection

dogs.

erapid acquisition of E. granulosus iInfection by dogs in

kana suggests that in order to reduce transmission between

sand intermediate hosts as much as possible, i1t would be

ecessary to reduce the dosing interval. This will be

iscuissed further in the concluding chapter in the light of

lestudies on prepatent period and effects of the parasite
asity on egg production.

iNev Zealand, inclusion of T. hydatigena in the dog

Section testing programme was found necessary as an

National measure (Gemmell, 1968a). Due to its large size,

®tapeworm i1s easily noticed i1n the purge, thus helping the

to appreciate the seriousness of feeding their dogs

~rav offal. The identification of T. hydatigena as the

N °ther taeniid iIn Turkana dogs iIs an added advantage to

tydatid control education programme, as the tapeworm can

41 indicator of individuals who have not complied with the
of not feeding raw offal to theilr dogs.

Epkireinfection rate observed in dogs both with E.

9k and T. hydatigena seems to indicate poor immunity

these parasites. This field observation supports
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l,3moratory studies which have shown that there i1s little
protection against reinfection by dogs against E. granulosus
Gewureli and Soulsby, 1968; Herd, 1977; Gemmell et al.,

~85). However, specific antibodies to E. granulosus have
been 1dentified as early as 32 days post-infection (Jenkins
ad Rickard, 1985). If the levels of these antibodies
decrease within the six weekly dosing interval, their
subsequent detection indicating reinfection would serve as a
useful substitute for the present surveillance technique of
larecoline purging. Arecoline surveillance i1s not a reliable
technique (Fig. 4.2) as often dogs fail to purge, and even
Lhen they do worms are not always expelled (Batham, 1946;
iGamell, 1968b), and young or light infections can easily be
lusd. It 1s also a cumbersome method and presents greater
@xkof iInfection to personnel. In the present pilot control
rograme, however, 1t appears that arecoline surveillance 1is
ecessary as an indicator of the disease in dogs, and hence

‘e infection pressure to the intermediate hosts, there being

abattoirs in the control area.
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Chapter 5

RELEASE AND SURVIVAL OF E. GRANULOSUS EGGS UNDER THE
JyJUCANA ENVIRONMENTAL CONDITIONS AND THEIR IMPACT ON THE

INCIDENCE OF HYDATIDOSIS IN KENYA

M INTRODUCTION

ke incidence of hydatidosis in a population is iInfluenced by

ureros factors, including the infection pressure from

nfective E. granulosus eggs. The iInfective pressure depends

nthe number and transmission potential of viable eggs to

[Vsogptable intermediate hosts. The number of E. granulosus

nfected dogs, their worm burden and the biotic potential of

lreadult parasite, determine the absolute egg production.

@ released, eggs are exposed to the environment where

*Rperature, humidity and microorganisms affect their

~ival (Lawson and Gemmell, 1983). Dispersal of the eggs

IMilitated by such factors as the movement and the

P*catory habits of the definitive host, wind, flies and

a (Gemmell and Lawson, 1986). Difference in

m 1°9ical, cultural, occupational, dog ownership and

%
adry Practices, have been shown to influence the

5>m Pressure to man and his livestock (Araujo et al .,
« ,

hwabe et al., 1981; Watson-Jones and Macpherson,

c°upied to all these factors,

the survival of eggs In
virg

nment must also influence the infection pressure,
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m

(dultimately the i1nfection levels iIn the iIntermediate

psts-

epresent study was undertaken to examine the biotic

Jytial, release of eggs from proglottids, and the survival

TE granulosus eggs i1n the Turkana environment. The

~ival of E.
*

Jt in the Maasail environment.

granulosus eggs i1n Turkana was compared with
The results were compared
w the survival of T. hydatigena and T. saglhata eggs in
retwo different climatic regions of Kenya where the
rsvalence of hydatid disease is very different. The

revalence of hydatidosis i1s high iIn man and low in livestock

[Turkana district, but paradoxically hydatidosis is high 1in

nestock and low iIn man in Maasailand (Eugster, 1978;
ftodersn, 1981).

€ materials and methods
21 Numbers of eggs per proglottid

undetached gravid proglottids of E. granulosus and T.
"ktigea were obtained from naturally infected dogs on
™ while detached T. hydatigena proglottids were

ected from the lower rectum. The intensity of E.

°SUs Infections iIn the autopsied dogs was noted and

mto light (1-200), medium (201-1000) and heavy
(1,000). E. granulosus proglottids were also
: from freshly deposited faeces, and again 15 minutes

faeces from naturally iInfected dogs. Proglottids
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- saginata were obtained from local people prior to

ICSamide treatment. Eggs were obtained from a known

ber of proglottids either by tearing them apart with
Fﬁies or leaving the E. granulosus proglottids in water for
1sf,days to disintegrate. Total egg count was made using two
Wfarate drops (0.04ml) from a known volume of egg

upension. The average number of eggs per proglottid was

Jun calculated.

22 Collection of taeniid eggs

raad proglottids of E. granulosus and T. hydatigena were
ollected from dogs found on autopsy to be monospecifically
nfected Proglottids were washed in saline and finally
pransferred to a saline solution containing antibiotics
firal concentration of 50 units penicillin, 50ug

reptonycin and 5jjg fungizone) for transportation to the
b. Eggs were released by tearing the proglottids apart

th pointed needles. The eggs of the same species were
led.

®»3 Hatching and activation

fcchi _ - -
'"9 and activation of the eggs were carried out as

ribed by Stevenson (1983) except that 1.5g sodium

folate and 1.5g pancreatin powder were used instead of

bovi
ne bile. After hatching and activation of the eggs,

o
™ ves examined under the microscope and the number of

®d unhatched oncospheres counted and recorded.
hiut B R n
Y Was assessed using hook motility and the eosin
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ausi°n dye test (Smyth and Barrett, 1980). At least 200

.spheres were examined.

24 Egg survival experiments

i~ Were carried out in Turkana and in Nairobi under
afferait environmental conditions (open ground, house and
He) using about 20,000 eggs for each species and

aiment. To facilitate egg recovery whilst avoiding egg
ptanination, for example by flies, and at the same time
ximally exposing them to the environmental conditions, the
s were sealed 1n small nylon bags (Fig. 5.1) with pores of
jidiameter. The environmental temperatures and humidity

tte various regions, were recorded iIn the course of the
eriment.

% Proglottids as agents of taeniid egg dispersal

Jranulosus proglottids passed in dog faeces were observed

Dthe time of defaecation to the time the proglottids
moving. The distance moved by a sample of proglottids

*ﬁ'eaverage number of eggs per proglottid on defaecation

after cessation of proglottid movement were noted.
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5.1

xposure of taeniid eggs in nylon bags to the Turkana
Pen ground environment. The sensitive tip of the
nermometer iIs also covered by a nylon bag
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g Statistical analysis

ID>F)arisons of the number of eggs per proglottid in the

A E. granulosus infection densities iIn dogs were

aried out using the analysis of variance, while regression

~alysis was used to compare the egg survival rates among the

fferent cestode species.

53 RESULTS

53.1 Egg release from proglottids

presented In Table 5.1, the average number of eggs per

proglottid before detachment for E. granulosus was 842, 793,
a8 1n lightly, medium and heavily infected dogs
espectively. Analysis of variance on the number of eggs per
oglottid showed no significant difference among the

fferent Infection densities. The average number of eggs

rproglottid was shown to be 823 (range, 400-1,300) and
59 (range, 20,000-54,000) for E. granulosus and T.
yfetigema respectively. Most of the eggs were found to be

leased Iin the iIntestine before the proglottids passed out

host. Tables 5.1 and 5.2 summarise the results of the

B eunts in E. granulosus and T. hydatigena segments passed
d® faeces and T. saglnata segments passed In human
e “Y the time the proglottids are passed out, they
found to have lost 73.3%, 72% and 91% of the eggs for E.

°sus, t. hydatigena and T. saglnata proglottids
Lvery.
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1#6 5-1
L*per °F ©€99s in Echinococcus granulosus progilottids

Attached se”nents Fresh segments Segments after
in dog faeces ceasation of movement

wber  Se’nents Eggs Secjnents Eggs Secjnents Eggs

of examined counted Mean examined counted Mean examined counted Mean
1M 30 27240 908 30 7860 262 22 1804 82
1M 30 26400 880 20 6040 302 10 740 74
1H 30 23280 776 30 5520 184 8 448 56
1H 30 28320 944 50 11000 220 15 1395 93
1H 20 1500 75
5(H 217 171950 792

iz

m 835
i («) 31 23000 742
1M 24 21600 900

T

m 793

| 11c 24 20000 769

li1w 6 6650 1108
1 7 6200 886

nge

@ 842

Wwgnent (mean) 823 234 79

(400-1300) (130-300) (30-150)
remaining* 26.7 9

1®). O Heavy. Medium, and Light infections.

*ean of the remaining eggs/segment as a percent of the mean number of eggs/secynent before segment



5.2

Number of eggs in Taenia hydatigena and Taenia
saginata proglottids

T. HYDATIGEHA T. SAGINATA
Attached Detached segnents Segnents passed
segments in lower rectum in faeces
Segents ~ EQOs Segnents Eggs Segnents Eggs
examined ~ counted examined counted examined counted
per sample Mean per sample Mean per sample Mean
4 216000 54000 8 84000 10500 3 144400 48133
6 177480 29580 4 16000 4000 5 51800 10360
6 180720 30120 10 121300 12130 2 513 256
4 80000 20000 3 22350 7450 3 5680 1893
2 97320 48660 4 29320 7330 2 2225 1112
3 76200 25400 12 121300 10108 2 2435 1217
5 196750 39350 4 22680 5670 1 4310 4310
5 111000 22200 7 79030 11290 5 42050 8410
5 221700 44340 9 75330 8814 2 34240 34240
2 26000 13000 2 27640 13820
1 9060 9060 5 3795 759
4 69200 17300 7 2581 369
7 42840 6120 1 20000 20000
tp/aegint
Ieen) 33929 9512 7859
(20000-54000) (4000-13000) (100-55000)
fining eggs % 28 9+

2* mean of the remaining eggs/segment as a percent of the mean
‘ster of eggs/segnent before detachment
1"wter of eggs/segment before detachment is 80,000 (Penfold et al., 1937)
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iS|de the host, E. granulosus proglottids were seen to
.ne peristaltic movements for less than fifteen minutes
Qie they dried up iIn the suns®™ heat on the faecal pat,
~out moving any distance. At this stage, only an average

D eggs (%) were left In the proglottid (Table 5.1).

32 Egg survival

esurvival times for E. granulosus, T. hydatlgena and T.
ginata eggs are tabulated iIn Table 5.3. No significant
fference In the survival times of eggs among the species
=l was observed. All the eggs exposed to the Turkana
urd environment lost viability in less than three hours,
ake those kept in the house and iIn water survived for two
dmore than twelve days respectively. In contrast the eggs
¢t in the shade i1n the Maasai environmental conditions were
Hik even after three weeks. Loss of hook motility in the
foospheres was observed to precede loss of viability as

rtemined by the eosin dye test.



e 5-3

Survival rates of E. granulosus,

T. hydatigena and

f.ssginata eggs in the Turkana and Nairobir environment

Bl

Environment

GROUND

HOUSE

WATER

HOUSE

Time

A W N O g w B O a N B O o w o o o

N M N O

hrs
hrs
hrs
hrs
hrs

hrs
hr

hrs
hrs

days
day

days
days

days
days
days
days

days
days
days
days

0 days

6 days

9 days

12

19
29
34

days

days
days
days
days

Average

Temp.(°c) and

Rel. humidity

* -

50 -

51 ¢ 1 -

53 ¢ -

57 ¢ -

66 ¢ 1 17

69 ¢ 17

68 of 18

29 ¢ 42 ¢ 6
29 ¢ 5 42 + 6
29 42 +

31 5 32 +8
31 ¢ 5 34 + 10
31 36 + 12
28

29

28

29

29

28

20 ¢ 5 75 + 15
20 ¢ 5 75 ¢ 15
20 ¢ 5 75 ¢ 15
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% eggs hatched

TH

a5
40
25
35
50

98
97
98
80

a5
50
a5
40

98
97
76
80

45
60
35
40

98
99
98
87

95
7

10

TS

95
86
89
48

99
70

EG

25
20

10
30

100
99
95
88

25
10

20

100
23
64
50

25
40
15
10

100
97
91
40

96
55

% viable of

eggs hatched

TH

88
90
75

97
96

88
7

97
93
70

88
88
93
92

97
100
99
97

100
77

TS EG

88
88
100

100 100
90 97

88
50

100
34

88
88
90
88

100
99
96
96

100 100
93 33

% motile of

eggs hatched

TH

18

O O M ®

14
13

18

14
25

18

25

14
10
19
14

35

TS

10

28

EG

20
25

12
10

20
10

12

20
18
a7
25

12

32
13

42



DISCUSSION

average numbers of eggs contained in iIntact E. granulosus
5 hydatigena proglottids in Turkana are approximately
sand 34,000 respectively. These are within the reported
s of average number of eggs per proglottid for these
{\fites (Lawson and Gemmell, 1983). The large variation in
numbers reported for E. granulosus (Arundel, 1972;

apsn and Eckert, 1982) may have been due to lack of

tailed studies on the number of eggs per proglottid. In
epresent study i1t was shown that the number of eggs per
ngiottid for E. granulosus i1s not density dependent. The
tof development for E. granulosus i1n dogs is also not
rsity dependent (Gemmell et al., 1986). It therefore

llos the total egg production 1In the iInfected dogs in the
rhwestern Turkana is high as the prevalence of E.

anulosus 1s 63% with more than half of them carrying more

an 200 worms per dog (Fig. 5.2).

«onset of egg release from the proglottids is probably
e the anterior end ruptures as the segment detaches
“rert et al., 1968; Mehlhorn et al., 1981). Studies
firea out with T. hydatigena, T. pisiformls and T.
~NCePs 1In dogs have shown that the majority of eggs are
®esed In the gUt before the segments are passed out of the
QRijpstra et al., 1961; Featherston, 1969; Coman and
Yard. 1975. Gregory, 1976; Willis et al. 1981). This
°n the rhythmic movements of contraction and
**°ns by the proglottid, and the pressure of the

fiesta )
&ainst the gut wall as Tt passes down the gut.
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drE 5.2

Longitudinally opened small intestine from
e*perimental Turkana dog showing a heavy infection
with E. granulosus
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1lfIOIresent study has shown that about 70% of eggs of E.
~°sus, T. hydatigena and T. saginata are released iIn the
Handling of segments by patients at collection, may
jiE_;‘econtributed to the iIncreased release of eggs iIn the case

J sagrinata. Peristaltic movements by the proglottids
ntinue outside the host, releasing most of the remaining
g and only about 9% of E. granulosus eggs per proglottid
se found by the time all movements ceased. This means that

JIthough taeniid segments may migrate under favourable
‘onditions Tfor more than 25cm from the faecal pat (Nosik,
19%0; 1952; Sweatman and Plummer, 1957; Matoff and Kolev,
1964), this 1s probably not a very significant method of
taeniid egg dispersal as suggested by Mattoff and Kolev
(1) and Lawson and Gemmell (1983). In the hot Turkana
climete all E. granulosus segments were found to dry up on

the surface of the faecal mass before any migration occurred.

Qutsice the host, many factors may affect egg survival; these
Incluice microbial contamination, temperature, desiccation,
dage (Silverman, 1956; Laws, 1968; Coman, 1975; Gemmell,
977; reviews by Lawson and Gemmell, 1983; Gemmell and
awson, 1986). When the results on the survival of taeniid
in days are plotted against temperature (Fig. 5.3), it
&Pparent that temperature is one major factor determining
atid egg survival. This, and similar conclusions made by
(1975), Gemmell, (1977) and Schaefer (1986), does not
oot
te

“Mature jn causing mortality of taeniid eggs is only in

s | ¢
Infi .
Uence on the rate of water loss. |Irrespective of

<e suggestion by Laws (1968) that the importance of

sPecies and method of assay (in vitro or iIn vivo),
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gurvival of the eggs is shown to be maximum at
t$:ematures between 0°C and 10°C (Fig- 5.3). Within this
erature range Echinococcus eggs have been shown to be
ctive after being held in water for more than seven
aitlbs (Thomas and Babero, 1956; Sweatman and Williams,
Logiy; Schaefer, 1986). In temperatures beyond 45°C,
owever, taeniid eggs perish within hours of exposure,
lunidity does not seem to have any effect on their survival
INosik, 1952; Meymerian and Schwabe, 1962; Williams, 1963;
lillials and Colli, 1970; Colli and Williams, 1972; Gemmell,
1977; Schaefer, 1986). In Turkana, midday sand temperatures
wally exceed 60°C and 1t was therefore not surprising that
L granulosus, T. hydatigena and T. saginata eggs kept on the

Band remained viable for only less than three hours.

Teeggs kept In the Turkana house environment at 25°C to

YT and approximately 35% relative humidity, remained viable
o two days whereas those in the cooler Maasair climate and
Iger humidity survived markedly longer. Coman (1975) was
kle to infect rabbits with T. pisiformis eggs kept at 37°C
03X°c for seven days, but they were maintained at a higher

Native humidity level than found i1n Turkana.

survival of E. granulosus, T. hydatigena and T. saginata

%5 1 water for more than twelve days at 30°C was similar
tat shown by Ross (1929), who was able to infected
Uinea..

pi9s with E. granulosus eggs kept in water at 30°C for
1 days.
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TEMPERATURE (°C)

= of E. granulosus (®). T. hydatigena (@) and T. saglnata (&) eggs at different temperatures and
*~Fitiity above 85%. The survival of E. granulosus o . T. hydatigena O and T. saginata (®
1. r*l«tive humidity below 85%---- these were not taken into account
9 the line of best fit.

o,

Appendix 5_2 and including results of the present study.)

~R

val rates of taeniid eggs at different temperatures
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results obtained iIn the present study help to explain the

ffetence i1n the Prevalance of hydatidosis in man and his
Ii<e8t00k in Turkana. In a land that has very little
ration cover, the low disease prevalence In sheep and
pots (Macpherson, 1981) may be due to the “sterilizing"
ffect of prolonged high temperatures on dog faeces
laminated with E. granulosus eggs. The relatively high
revaience in camels could be accounted for by the late age
fslaughter which means that they have higher chances of
infection with the parasite. The low prevalence iIn cattle,
othe other hand, may be due to the fact that they are poor
hosts of E. granulosus 1n Kenya as most cysts are found
ertrer sterile or calcified (Macpherson, 1985). Suvorov
(1SH), working in Russia, found that the eggs inside
Jsginata proglottids were provided with some protection,
s Increasing their survival time. This would not be the
Gee In nature, especially for E. granulosus, where more than
gBof the ggs are released from the proglottids. The
feeal pat would also offer very little protection as most of
tie eggs are found on the surface (Lawson and Gemmell, 1983).
shparatively, livestock in Maasailand have a higher
TCiGnce of the disease than in Turkana, as the Maasai
lhiate | which is closely comparable to that of Nairobi, is
uh cooler and more humid, making It more favourable to
RtVi/al of the taeniid eggs.
< Turkana, unlike his animals, i1s much more exposed to
6 E- granulosus eggs as a result of his habits and
Ces- According to Watson-Jones and Macpherson (1988),

u
r*ang people in the north of the district who have a
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Hicher disease prevalence than those iIn the south, also have
contact with their dogs. They were also observed to

1DIg{ate the dogs in their "akai” (huts), allowing them to

gbféﬁthere and lick the food utensils used by the families.

dogs are known to carry taeniid eggs on the hairs

Jjourd the anal region, muzzles and paws, (Nosik, 1952;

toff and Kolev, 1964). Gravid proglottids also

occasionally crawl out of their anus. Due to the shortage of

vater most of the dogs i1n Turkana are used as '‘nurse-dogs',

licking babies when they vomit or defaecate, and so spend

Hst of their time around the '"akais'". The chances of

infected dogs contaminating peoples®™ hands, utensils and

Iimig areas with infective E. granulosus eggs, are therefore

vay real. In Turkana, women appear to spend more time with

tedogs than men do and they have a higher disease incidence

tenmen (French and Nelson, 1982). However, 1t IS surprising

tet Watson-Jones and Macpherson (1988) found no correlation

betneen the total time dogs spent in the presence of

different people and the disease incidence, but they showed a

«tatistically significant correlation between the incidence

fhuman hydatidosis and the amount of time the dogs spent in
akais'. This supports the point made on the importance

* favourable environment for survival of eggs In the disease

Emission”™

'ﬂ another source of hydatid infection in Turkana. In
te heat

1,61lv L )
es dY dipping in water-holes, the only source of

or the day, the author has observed dogs cooling

n Turkana for most people iIn the dry season.
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%venson and Macpherson (1982) counted upto 800 taeniid eggs
litre of water drawn from one of the water-holes iIn the
m:thwestern Turkana. Although the people normally avoid
~rring the water while drawing, there are times when the
<e£l drops and makes i1t inevitable, thus resuspending the
really sedimented taeniid eggs. As E. granulosus eggs can

ain viable 1n water for days, people may swallow infective

€€gsW|th the water.

Different types of flies have been shown to transport
infective taeniid eggs eilther internally or externally
(Lansn and Gemmell, 1983). As flies occur in large numbers
around the people i1n Turkana and Maasailand, especially in

te rainy season, it Is easy to envisage how they could

comtaminate human food with E. granulosus eggs.

Te reasons for the large difference between the incidence of
hydatidosis in man and his livestock In Turkana are therefore
fairly clear, but 1t is not easy to explain why the iIncidepce
®og the Maasai people i1s low despite similar behavioural
Notices to the Turkana (Macpherson, personal
~Aunication). Although the climatic conditions in Turkana
n°t favour the survival of taeniid eggs, the iIncidence of
*#n hydatidosis continues to be the highest in the world
e and Nelson, 1982; French et al'., 1982; Macpherson et
187) due to human social behaviour. These have thus

"tte main points stressed iIn the education of the

as part of the current pilot control programme in
Pur

district.
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Chapter 6

_ QRANULOSUS: treatment in dogs by controlled drug release
I FORMULAT ION

INTRODUCT ION

Q)until twelve years ago, there was no highly effective drug
< the treatment of echinococcosis iIn the definitive host
Jdcontrol measures against the adult stage consisted mainly
dfarecoline purge and destruction of the unwanted dogs
(Gemmell, 1979). With the i1ntroduction of praziquantel, a
duywhich has 100% efficacy against both immature and mature
of E .granulosus i1n a single dose rate of 5mg/kg
t:ijr et al., 1978), 1t iIs now possible to achieve a rapid
mek In the transmission of hydatidosis. However,
iraziquantel given to dogs is rapidly eliminated from the
in less than two days (Andrews, 1976). In addition,
bnity In dogs against this parasite is poor (Gemmell and
oauidyy, 1968; Herd, 1977; Gemmell et al., 1985) and
infection can therefore occur soon after praziquantel
Natment. Thus, to prevent environmental contamination with
ihl°coccus eggs, and hence transmission of the disease,
hydatid control programmes have adopted a dog dosing
rval of six weeks, which i1s generally accepted as the

"Cpatent

period of the parasite (WHO, 1982)
ke of g

any value as a control measure, mass dog treatment
O be sustained until longer lasting measures, like
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oUral change i1n people through education, have fully

effected and the incidence of infection much reduced.
b"evelopment of a treatment regime or vaccine that would
vige prolonged protection against reinfection with
fliliococcus would therefore be of real advantage to hydatid
trO1 programmes. This would be more so in areas like
JXana where the dog population is sparse and distributed iIn

large area with poor communication.

ustained drug release has been experimented on in the
xeatment of malaria (Powers, 1965; Judge and Howells, 1979),
1tonosoides carinii (Collins, 1974), schistosomiasis

Olanoff et al., 1980; Marshall, 1982a), Hymenolepis nana
Marshall, 1982b) and echinococcosis (Belousov, 1985).
lelosov (1985) was able to protect dogs from Echinococcus
nfection for the first 35 days of praziquantel treatment
ejected subcutaneously with silicone as a prolonger, but iIn
ke subsequent 110 days the drug only inhibited the

evelopment of the worms.

Epresent study examines the possible use of controlled
6lease 9lass encapsulated praziquantel iIn the treatment of
[ granulosus infections, with an aim of obtaining a
Pronged dog treatment regime. Due to the high risks of

°n involved iIn maintaining dogs with patent infections

f Echi _ _
Ocoecus, t. hydatigena i1s used as a model.
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JP"TERIALS and methods

21 D°9S
upupPies ag9e* three to five months and weighing not more

inSkg, were purchased and reared in Lokichokio as
&ribed 1n Chapter 3.

22 Praziquantel capsules

Isss capsules manufactured by Standard Telecommunication

aboratories, Harlow, Essex, Britain were obtained from Dr.

larshall of Liverpool School of Tropical Medicine, England,
mused In the present experiment. The degradable capsules

ke primarily made of oxides of calcium, sodium and

hosphorous. Each capsule measured 14x3mm and contained 20mg

fpraziquantel. The capsules lumen was eccentric to enable

tecollapse of one length of wall to ensure rapid release of

ke drug, while maintaining the strength of the capsule frame
g 6.1).

<23 Infection of dogs with T. hydatlgena

B Puppies were each fed with five Cysticercus tenuicollls

Sts °btained from Lokichokio slaughter slab. Prior to

aa@uantel capsule 1mplantations, the infections were

A

J
med either by laparotomy or presence of the tapeworm

I*6nts *n the host Taeces,
k Gysl: *

e-reeding (Table 6.1). The surgical operations were
Hried

depending on the number of days

°ut under general anaesthesia and a three day post-

course of procaine penicillin treatment was given as
antibiotic cover.
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FIGRE 6.1 A. Diagramatic representation of the degradable
capsule

FIGRE 6.1 B A photograph of the capsules with millimetre
scale provided
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ﬂH]_4-and 30 days (Table 6.1) following the praziquantel
Eile implantations, the infections were re-examined either
autopsy or arecoline hydrobromide purge. A second

_g0line purge was necessary to confirm negative infection.
II

Mga Capsule implantation iIn the puppies and experimental

design
following confirmation of T. hydatlgena infections, seven of
the ten puppies received two subcutaneous capsule
implantations each, one received two peritoneal 1mplantation
and the last two remained as untreated controls. The
capsules were dipped in a solution of penicillin/streptomycin
to minimize any bacterial contamination. The location of the
implants In each puppy and the rest of the experimental

design are summarized in Table 6.1.

Capsules were implanted iInto the subcutaneous tissue under
local anaesthesia. This was a simple operation requiring
@ tw sutures to close the iIncision. Intraperitoneal

GPsules were inserted iIn the course of laparotomy.
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Fj No.

%

3

4

s S
i 5
7 5
1 S
7 S
D 5

of

6.
Controlled release glass encapsulated praziquantel
treatment in dogs iInfected with Taenia hydatigena

Examination of the Praziquantel Re-examination of the
infections in dogs capsule infections in dogs
implants
Method DPI o/- No. site Method DPI DPIM =/
Laparotomy 28 ¢ 2 Sternum Autopsy 42 14
Laparotomy 28 ¢ 2 B. scapula Autopsy 42 14
S/Q

Laparotomy 28 * 2 Peritoneal Autopsy 42 14 +
Faecal 60 * 2 B. scapula Arecoline 90 30
examination S/Q purge
Faecal 60 * 2 B. scapula Autopsy 90 30
examination S/Q
Faecal 60 * 2 B. scapula Arecoline 90 30
examination S/Q purge
Faecal 60 * 2 B. scapula Autopsy 90 30
examination S/Q
Faecal 60 * 2 B. scapula Arecoline 90 30
examination purge
Faecal 60 . * Arecoline 90 30 +
examination purge
Faecal 60 * Arecoline 90 30 +
examination purge

DPI Days post infection

DPIM Days post capsule implants

S/Q Subcutaneous

B scapula Between the scapulas
Infected
Not infected
Control dog
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results

puppies recovered well from the capsule implant
FHﬁtions and the wounds were hardly detectable after a
e They showed no signs of discomfort or irritation
SCiate& with the implants. An exception to this was puppy
~pber 6, which had a bacterial iInfection on the iIncision
and; this was, however arrested by a four-day course of

rocaine penicillin treatment.

Ul the puppies that received subcutaneous capsule
implantation were cleared of the T. hydatigena infections 1in
doxt two weeks (Table 6.1). In contrast, puppy number 3 in
vwhich the capsules were implanted peritoneally and the

antrol puppies, were still infected after 14 and 30 days
respectively.

Cgaules implanted subcutaneously were detectable on

Palpattion immediately after implantation but not after day 17

Post-implantation. All the implanted capsules were .pa

recovered intact from puppy number 3. Capsules iIn puppies 1

i 2 were open at the thin walled section (Fig. 6.2) and

approximately half of the praziquantel remained iIn each

Gt No capsules were detected In puppies autopsied 30
Post-implantation. In addition, no tissue reactions

1 observed at the implant sites in any of the autopsied
“PPies.
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DISCUSSION

Sgi\/EIIOf the eight dogs infected with T. hydatlgena were *

red of the infections following subcutaneous implantation
~Nthe praziquantel capsules. The capsules were well

elated by the puppies, causing no obvious side effects,
psuies implanted into dog number 3 were still iIntact 14
Lgs later, and the infection iIn this puppy was retained, as
\ae the infections in the control dogs. Degradation of the
caule wall therefore seems to be better iIn a subcutaneous
ratter than peritoneal site, a fact which is probably due to

differences in blood supply and tissue contact.

Adrng delivery system that exposes the parasite to sublethal
dg concentrations, such as described by Belousov (1985),
@y provides conditions favourable to the development of
repistatt strains. Although resistance to anthelmintics has
reer become the problem that one associates with the use of
wtimalarials, iInsecticides or antibiotics, isolated cases
| ae been reported over the years (Brander et al., 1982).
veiopment of Haemonchus contortus resistant strains against
toiabendazole reported from Australia was partly associated
ote usage of the drug at sublethal doses (Le Jambre et
1978). The use of degradable capsules, however, ensures
*est release of chemotherapeutic dose of the drug into the

system. This method has an added advantage in that

of the drug is used as opposed to the slow release
thod.
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o 6.2

Diagramatic representation of a degradable
capsule open at the thin sections of the wall
and less than half of praziquantel remaining
14 days post implantion.

131



'IHetime taken for the release of the drug can be regulated

increasing or decreasing the thickness of the thinner
z:tion of the capsule wall or by changing the composition of
1h9capsules. By implanting capsules of known different drug
IeIease times, 1t would be feasible to achieve prolonged dog
yeatment intervals which could conceivably be six to twelve
tonths. Further work is now required for the development of
-apsules of known release times. A technique for field
application using a simple capsule implantation requiring
jinimum skilled manpower should also be developed. A wide

ae (3.5mm) trocar, used with a plunger, may provide the

asier.
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Chapter 7

GENERAL DISCUSSION

twas recognized right from the onset of the Turkana pilot
hydatid control programme that, like in all previous
programes 1n other parts of the world, education of the
lcal population to the dangers of the disease, and
notivating them to do something about it, was the key to its

suoesss (Macpherson et al ., 1984b).

Te high infection pressure to dogs with E. granulosus in the
atol area, though partly explained by the drastic
reduction in the dog population (chapter 4), testifies to the
et that long lasting changes in human behaviour usually
tde time. There i1s therefore a need for intensification of
te educational campaign In order to reduce the amount of
hycatid material made accessible to dogs. This need iIs more
aute towards the end of drought periods, when infection
Assure to dogs with the parasite seems to be highest
Chapter 4). As the aims of the education programme take
©°t e most important step in the control of the disease
Turkana will remain interruption of transmission of the
Fassite from the domestic dog. This includes routine mass
dosing with DroncitR. The Turkana dog dosing regime was
mPted after the WHO guidelines (WHO, 1982) drawn from the
e the prepatent period of E. granulosus in many parts

Orid is shown to be six weeks (Gemmell, 1962; Smyth
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1967). A shorter prepatent period of the parasite iIn
g such as was demonstrated iIn the present study (chapter
has 1n the recent past been reported by Kumaratilake

~Ng2) and ThomPson et al. (1984). It is therefore clear
t generalization concerning the timing of drug treatments

sd for controlling E. granulosus infections in dogs can no

laer be made.

Te significance of the prepatent period in the choice of a
ky dosing regime, iIn any hydatid control programme must,
however, be viewed in the light of the rate of reinfection in
dgs with the parasite, following treatment. Effective dog
dsirg intervals of durations longer than the prepatent

periad of E. granulosus, can only be envisaged in areas of
vay low rate of reinfection. The relationship between the
dgdosing interval iIn Turkana and the rate of reinfection
Kith E. granulosus can be calculated from a reinfection
Egression equation describing the autopsy regression line

. 4.4), and given by:
y = a+ bx + 2.378

Ora large number of n, one can assume that y 1iIn the

asf°rmation equation (chapter 4) 1is very nearly

In (z/n - 2).
“erefore follows that
In (z/n - 2) = In (p/9)
where p 1s the proportion of dogs infected
with e . granulosus in the control area
and q 1s the proportion of dogs not infected.

134



"epiroportion of dogs that would be reinfected with E.

~ulosus when a six weekly dosing regime is used, is p 1in

1t~efollowmg equation:
in (p/q) = -4.977 + 6(0.1589) + 2.378

p = 16% (1e 32 dogs out of 200 in the control

area).

Jh the prepatent period and the rate of reinfection iIn dogs
with £2 granulosus i1n Turkana, therefore, indicate that the
dsing interval should be reduced from the present interval
dfsix weeks to five weeks. Although at this interval,
fourteen percent of the dogs i1In the control area would

cotine to be reinfected, the iInfections would not be

patet, and hence there would be no risk of disease

transmission to man.

Tp biotic potential of E. granulosus is high, and the
production of eggs In the parasite iIs not density dependent
Chapter 5). Gemmell et al. (1986) has also shown that the
rae of development of the parasite iIn the definitive host 1is
SO n°t density dependent. It therefore requires only a
11131 number of infected dogs to maintain the disease
Irm’scission cycle 1In Turkana, a region where infections 1in
°f 50,000 or more gravid worms are not uncommon (Nelson
*ausch, 1963; Macpherson, 1985). In order to reduce the

Foee Pransmission as far as possible, 1t i1s then necessary
the

regular treatment schedule be maintained in all dogs
te

control area. Upto the present time, this has not

" Ftacticable in Turkana, due to difficulties experienced



acing and reaching the dogs, mainly because of the
die way of life of the people and poor road communication

the region (Macpherson et al., 1986b).
|

m\ﬁeN of the problems encountered iIn regular treatment of
dp in Turkana, the 1mportance of a more prolonged

O tection against reinfection i1n dogs cannot be

overstressed. Results obtained In treatment of tapeworm
~fections In dogs, with controlled release encapsulated
praziquantel (chapter 6), show that the drug formulation has
apromising future iIn this area. Further studies are

required In the development of capsules of different release
tres, which would allow for prolonged treatment intervals in

axs. »

Ruging of dogs with arecoline hydrobromide in the control
»@ IS shown to detect only 10% (as in the following

fomular) of E. granulosus infected dogs.

Y = a + bx (arecoline regression equation, Figure 4.4)
In (P/q) = -4.997 + 5(0.1589)

P = 1.5% (ie 3 dogs out of 200 in the control

area).

R
this Information shows that arecoline purge is not
Blibl6
ezl (0)
estimate the parasite infection rate from arecoline

N\
ula nce data. Purging of dogs has an added advantage in

diagnosis of E. granulosus infections, i1t can be

V. N 1s . n
& useful adjunct for the education programme.
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{ﬁeclose association between man and his dog in Turkana has
cited as a major contributing factor to the high
evalence human hydatidosis in that area (French et al.,
s v/atson-Jones and Macpherson, 1988). This view 1is
Supp(])_rted by the findings of the study on the survival of E.
«anulosus eggs 1n Turkana, which have shown that the eggs
rinain Viable for less than three hours iIn the Turkana open
gaud (chapter 5). This stresses the significance of the
Vacation programme, pointing out the need for a decreased

og/man contact, while keeping the dogs out of the houses.

Te importance of strain differentiation studies within E.
graulosus lies In the fact that different strain
characteristics may influence local patterns of transmission
ad the health significance of the parasite (WHO, 1982). Two
strains OF E. granulosus have been shown to occur in Kenya
(chapter 3) but their epidemiological significance to the
control OF the disease iIs not as yet apparent. Further
«tudies are required to determine the extent of the
istribution of each strain among the domestic intermediate
B and whether the stains show any differences in their
esPonse to chemotherapeutic agents. From the available
“dence (Table 3.4), however, it will be advisable for the
programme to regard the strains as cross-infective

®cng al.
J A the domestic intermediate hosts iIn Turkana, and

: 'a!L sources of infection to man.
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Chapter 8
CONCLUSIONS

Jasd on the findings of this study the following

observations and conclusions were made.

,1 At least two strains of E. granulosus exist in Kenya and

are probably infective to all the domestic intermediate

hosts In the country.

12 The strains are morphologically and developmentally
similar but can be differentiated on the basis of

isoenzyme profiles or analysis of parasite DNA material.

2 E. granulosus i1n Kenya develops faster in Turkana dogs

than In those from Nairobi.

e The rate of natural iInfection with E. granulosus iIn dogs
in the control area is high and infection level reverts

to pre-control level iIn six months.

To reduce transmission of hydatid disease from dogs in

the control area, the six-weekly treatment of dogs with

Praziquantel aught to be reduced to five weeks interval.

T- hydatlgena s the only other common dog taeniid iIn

TuJ_una. Diagnosis of this tapeworm iIn dog faeces or
ye can be used iIn the control programme as an

Inhcagkw of dogs having been fed on raw offal.
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Although purging of dogs with arecoline hydrobromide is
n0t a reliable echinococcosis diagnostic method, 1t iIs a
uSeful surveillance technique for the disease iIn

Sf *
domestic dog in Turkana and an adjunct for the education

The increased infection iIntensity in dogs with E.
granulosus observed towards the end of droughts in

Turkana requires that hydatid control measures iIn this

area be i1ntensified at such periods.

Domestic dogs in Turkana have poor immunity against E.

granulosus.

The use of controlled release glass encapsulated
praziquantel i1n hydatid control programmes in order to
prolong protection against reinfection with E.

granulosus i1n dogs i1s now feasible.

The average number of eggs per proglottid in E.
granulosus iIn Turkana is 825 +30. The number of eggs

Per proglottid is iIndependent of the infection

intensity.

Release of E. granulosus eggs starts soon after the
proglottid detaches from the worm. By the time the

Proglottid leaves the host, about 70% of the eggs have

already been released.

rhythmic movements in proglottids of E. granulosus
utside the host do not contribute to the dispersal of

Parasite eggs in Turkana.



Iz

un

Survival of taeniid eggs 1Is best at temperatures

between 0°C and 10°C.

Open ground day temperatures in Turkana are inimical to

survival of taeniid eggs.

Relevant changes, iIn human behaviour that help 1iIn
maintaining the transmission cycle of hydatidosis in

Turkana, 1s ultimately the answer to the human hydatid

problem In the region.
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Appendix 1.1

YEARLY RAINFALL VARIATION IN THE TURKANA H
(data from the meteorology departm

YEARS

* Data not availabe
- 1 Drought period
Four consecutive years with a mean XY -
of months In a year with 2 rainfc

X Number
in a year with a mean X

Y Number of months

[The transformation of annual rainfall by XY, showed mor
sustained significant rainfall days as this was more he

single day heavy down pour iIn a year.]



Appendix 2.1

Prevalence and occurrence of echinococcosis/hydatidosis in

domestic animals in Kenya

Origin
of animals

whole
country*
whole
country*
Turkana
Nairobi
Turkana
Whole
country*

Rift
Valley
Central

Eastern
Coast
North
Eastern
Whole
country*

Kajiado

Turkana

Maasai land

Maasai land

(€Y)

Dog Intermediate hosts References
Camel Cattle Sheep Goat Others
R Leese, 1915.
R Walker. 1925.
R R Daubney, 1926.
R R pigs Hudson. 1934.
30.6 35.1 16.6 Ginsberg, 1956.
25.5
(1000) Froyd, 1960a.
30.2
(1000) Froyd 1956b.
70.4Q27) R cannon  common cannon Nelson and Rausch. 1963.
50(16)
cannon
comnon cannon  comnon Department of Veterinary
Services Annual Reports.
Kenya.1962-65; 1969; 1972
1976-78; 1980; 1981.
29.2 32.3 33.1
(1766) (183%) a2 Mango, 1971.
23.7
15
17.7 9.1 11.1
(@82 (406) @
16.1(31)
16.8 4.3
622 @79)
12.8+ 20.3+ 14.7+
(1162237)  (489702) (245231) pigs Ng"ang“a, 1974.
46.7 29.5 9.0
(1446) @ (100) Eugster. 1978.
80(10) 10(10) 1.6(61) 844(0.8) Macpherson. 1981.
39.4
(695) Macpherson et al., 1985.
8.9 8.1 7.1
(1499) (1798) (2020) Macpherson. 1985.
37(92) Ngunzi. 1985.
Reported.

Based on Liver and lung hydatids only.
Mainly based on animals examined at Athi River. Kenya Meat Caimision (KMC) abattoir.

Number of animals examined.
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Appendix 4.1

Key to common Taenia species iIn dogs (data from verster, 1969)

1. Vaginal sphincter absent

Vaginal sphincter present 3

2. Testes distributed 1In a single layer
and confluent anteriorly only Taenia hydatlgena
Testes distributed in 2-4 layers and

confluent anteriorly and posteriorly T. pisiformis

3. Vaginal sphincter reduced to a pad with
diameter <30 umn. Ovary lobes equal T. multiceps
Vaginal sphincter complete with
diameter >40 un. Aporal ovary

lobe >poral Ilobe 4

4. Large rostellar hooks >210 um and

primary uterine branches not >10 T. parenchymatosa
Large rostellar hooks <210 um and

primary uterine branches not <10 5

5 Testes distributed In a single layer
and primary uterine branches 11-25 T. ovis
Testes distributed in 1-3 layers

and primary uterine branches 10-18 T. serialis
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Appendix 4.2

Reported maximum survival times for taeniid eggs
stored under different laboratory and field

conditions
Species Condition Time in
days
Echinococcus
sibiriensis -5i°C
E. ranulosus -50°C
Taenia
saginata -30°C 16-19
E. sibiriencis -26°C 54
E. multilocularis -18°C (in tap water) 240
T. ovis -9°C 170
T. saginata -5°C 76
T. saginata -4°C 77
E. granulosus -1C to 1C 116
E. multilocularis 2C (in water) 910
E. multilocularis 4°C  (in PBS) 478
T. saginata 4°C (in saline) 335
T. pisiformis *4°C (32-33% R.H.) 56
E. multilocularis 4°C (in PBS) 219
T. pisiformis *4°C (29-94% R.H.) 300
T. pisiformis 4°C (in saline) 187
T. saginata *4°C 168
T. saginata *4°C (in saline) 96
E . granulosus 6°C (in water) 225
E . granulosus 7°C (with surface
moisture) 210-294
T. hydatigena 7°C " 210-294
T. pisiformis 5-10°C (moist chamb.) 100-150
T. ovis 16°C (with surface
moisture) 91-150
T. pisiformis 20°C @5% r.h.) 1
T. saginata (room temp, in saline) 60
E. granulosus (sunlight & desiccation) 11
T. pisiformis (room temp, in saline) 60
T. saginata (room temp, with no
moisture) 14
T. hydatigena 21 C (no surface
moisture)
E. granulosus 21°C "
T. hydatigena 21°C  (with surface
moisture) 56
E. granulosus 10-21 C (in water) 32
E. granulosus 21°C  (with surface
moisture) 28
E. granulosus 30°C (in water) 21
t. pisiformis 38°C (90% R_H.) 7
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Viability
assay

in vivo (voles)
in vivo (mice)

vitro
vivo (wvoles)
vivo (voles)
vitro

3 3 3 5 S

Vvivo

vitro

vivo (pigs)
vivo (voles)
vivo (voles)
vitro

vivo (rabbits)
vitro

vivo (rabbits)
vitro

=]

5 3 S

- o o o o e E D B o
5 35 = s s |

vivo and in vitro
(cattle)
in vivo (cattle)

in vivo (sheep)

=]

in vitro
in vitro
in vivo (rabbits)

in vitro
in vitro
in vitro
in vivo (igs)
in vitro

in vitro

in vitro
in vitro

n vitro
n vivo (mice)

in vitro
in vivo (quinea-pigs)
in vivo (rabbits)

Reference

Schiller (1955)
Colli S Williams (1972)

Suvorov  (1965)
Schiller (1955)
Schaefer (1986)
Gemnell (1977)
Lucker (1960)
Suvorov (1965)
Deve (1910)
Thomas & Babero (1956)
Schaefer (1986)
Silverman (1956)
Coman (1975)
Schaefer (1986)
Coman (1975)
Silverman (1956)
Froyd (1962)

Penfold et al (1937b)

Sweatman & Williams
(1963)

Gemnell (977)

Qor7)

(1969)

Gemnell
Enigk et al
Gemnell (1977)
Laws (1968)
Silverman (1956)
Deve (1910)
Silverman (1956)

Silverman (1956)

Gemnell (1977)
Gemnell (1977)
Gemnell

Batham

@977y
(1957)

Gemnell  (1977)
Ross (1929)

Coman (1975



Appendix 4.2 (ccntd)

Species

T. hvdatigena

T. ovis

T. hvdatigena

E. multilocularis
E. granulosus

E. granulosus

T. hvdatigena

E. granulosus

E. granulosus

T. solium

E. qranulosus

T. saginata

E. multilocularis
E. multilocularis

saginata

pisiformis

T
T. pisiformis
T

T. saginata

T. hydatigena
T. saginata
T. saginata
T. saginata

E. multilocularis

T. hvdatigena
E. mutilocularis

T. pisiformis

Condition Time in
days
38°C (in water) 7
45-65°C (in water) (few hours)
45-65°C (in water) (few hours)
45°C (85-95%R_H.) (@ hours)
55°C (saline) (G minutes)
60°C (moist heat) (10 minutes)
65°C (saline) (@ minute)
Boiling water (20 sec)
In sachets on ground 630
Winter in France 365
Cold & dry New Zealand 365
weather
Kenyan pasture 413
German winter 240
(on sunny ground)
German winter 172
(on shaded area)
Denmark winter 161
Australian winter 125
Australian summer 0
Kenyan pasture 102
Russian winter 60
(-10 to 10°C)
in silage (10°C) 60-80
in silage (20°C) 30-40
stored hay 21
German sunnier 112
(sunny or shadded area)
Russian sunnier 30
German sunnier 15

(sunny or shadded area)
Australian summer 7

Average temperature (2 - 5°C

Viability
assay

in vitro
in vitro
in vitro
in vivo (voles)
in vivo (mice)
in vitro

in vitro

in vitro

in vivo

in vivo (pigs)

in vivo (sheep)
in vivo (cattle)

in vivo (voles)

in vivo (voles)

in vivo (cattle)
i

vivo (rabbits)
in vivo (cattle)
in vivo (cattle)
in vivo (sheep)

in vivo (cattle)
in vivo (cattle)
in vivo (cattle)

in vivo (voles)

in vivo (sheep)
in vitro

in vivo (rabbits)

Reference

Gemmell (1977)

Qo77)

Gemmell (1977)

Schaefer (1986)

Colli st Williams (1972)

Meymerian & Schwabe
(1962)

Williams & Colli

Nosik (1952)

Vibe (1968)

Davaine (1863)

Sweatman S Williams
(1963)

Gemmell

(1970)

Duthy St van Someren

(1948)
Schaefer (1986)

Schaefer (1986)

Jespen & Roth (1952)
Coman (1975)

Coman (1975)

Penfold et al (1937b)
Abbasouv (1965)

Egnigk et al
Egnigk et al

(1969)
(1969)

Lucker and Douvres

(1960)
Schaefer (1986)

Abbasouv (1965)
Schaefer (1986)

Coman (1975)



