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Foreword

Foreword

Echinococcosis is one of the parasitic diseases that bhas been recognised since time immemorial. Over four centuries
BC, Hippocratus reported that hydatid cysts in humans could sometimes burst open into the abdominal cavity.
Furthermore, be compared these cysts to ‘water-filled tumonrs’ which he observed on post-mortem examination of
cattle and pigs.

Since this time, echinococcosis has been described in a multitude of research papers, as it is not only one of the most
widespread parastic diseases, but also one of the most costly to treat and prevent in terms of public health.
Consequently, it is approriate to provide regular updates on the disease.

As is the case with all goonoses, the control of echinococccosis, or more precisely the control of animal reservoirs of
the parasite, is the result of very close collaboration between health anthorities and, in particular, between both the
Veterinary Services and Public Health Services at a national level. It was with the aim of assisting those
responsible for echinococcosis control and prevention that this book was prepared and jointly published by the
World Health Organization and the World Organisation for Animal Health (OIE — Office International des
Epizooties). This joint publication is another example of the common objective of these two organisations to work
together to assist their Member Countries in designing, implementing and standardising control strategies against
zoonoses on both national and international levels.

This is the result of years of efforts expended by both the OIE and WHO to organise the surveillance and control
of a parasitic disease which is present world-wide.

This WHO/OIE Manual on echinococcosis in humans and animals: a zoonosis of global
concern is a compilation of the knowledge and valuable experience of over fifty experts of international renown.
We wonld like to express onr profound gratitude to them for their contributions and for sharing their expertise,
and hope that the book achieves the success that it deserves.

Frangois-Xavier Meslin Jean Blancou

Co-ordinator Animal and Food-Related Director General

Public Health Risks Team World Organisation for

World Health Organization Animal Health
December 2000
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Preface

Preface

The second edition of the WHO Guidelines for Surveillance, Prevention and Control of
Echinococcosis/Hydatidosis, published in 1984, was focused on diagnostic methods and control measures
available to combat this disease in humans and animals. These guidelines were very well received throughout the
world and represented a valuable source of information for medical and Veterinary Services of many conntries.
Since then the understanding of the epidemiology of echinococcosis has been greatly improved, new diagnostic
techniques for both bumans and animals have been developed, progress has been made in the treatment of human
echinococcosis, and new prevention strategies have emerged with the development of a wvaccine against
Echinococcus granulosus iz intermediate hosts.

In spite of significant progress achieved in the field of research and control, human cystic echinococcosis, cansed by
Echinococcus granulosus, remains a considerable public health problem in many regions of the world.
Ultrasound surveys of populations at risk have shown that cystic echinococcosis is more prevalent than previously
anticipated in many endemic regions. To date, disease transmission has been reduced or interrupted in some limited
areas only, especially on islands, such as Cyprus, New Zealand and Tasmania. In continental sitnations,
however, E. granulosus control is more difficult, often less effective, is costly and requires sustained efforts over
many decades.

Recent studies in Europe, Asia (i.e. People’s Republic of China and Japan) and North America bave shown
that B. multiloculatis, #he causative agent of human alveolar echinococcosis, is more widely distributed in the
northern hemisphere than previously understood. Alveolar echinococcosis, althrough rare, represents a considerable
public health burden as the infection is lethal in most untreated patients and treatment is very costly. In addition,
in Central and South America, cases of polycystic echinococcosis in humans, caused by E. vogeli and
E. oligarthrus, occur in apparently increasing numbers.

Therefore, the World Health Organization in close collaboration with the WHO Collaborating Centres and
specialists of the WHO Informal Working Group on Echinococcosis and the International Association of
Hydatidology felt it necessary to wupdate and revise the existing document by preparing a Manual on
echinococcosis in humans and animals. Owver fifty international experts contributed to the development of
this document. This Manual covers all important aspects of echinococcosis, including parasite biology and
life-cycles, geographic distribution and prevalence, epidemiology, clinical presentation in humans and animals,
diagnosis and treatment, as well as control and prevention using newly developed tools and methods. It also
provides descriptions of important techniques and a large number of bibliographical references. The Manual
should help personnel from the medical and veterinary sectors involved in surveillance, prevention and control of
echinococcosis to develop effective programmes based on current knowledge and modern technigues.

The Editors wish to thank all the scientists for their contributions, the Animal Health Services of the Food and
Agricnlture Organization of the United Nations for the support given to the development of an early draft of this
document and all other persons who counld not be mentioned in the list of anthors and contributors. The
administrative support during the initial phase of the project provided by Dr T. Fujikura, formerly of the WHO
Unit of V'eterinary Public Health in Geneva, is gratefully acknowledged.

The Editors express special thanks to the Office International des Epizooties for its support, without which this
Manual could not have been published, and to Gill Dilmitis, Head of the Publications Department, for her
exccellent editorial work.

The Editors
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Glossary of Terms

Glossary of Terms
The terms given below have been restricted to those that are likely to be useful in this Manual.

A. Biology

Strain of Echinococcus: Group of individuals which differs statistically from groups of the same species in
gene frequencies, and in one or more characters of actual potential significance to epidemiology and control
of hydatid disease (4).

B. Diagnostics (3)

Cut-off point: The result of a diagnostic test selected for distinguishing between positive and negative results.
Predictive value: The predictive value (PV) can be expressed as positive (PV+) or negative (PV-) value. The
PV+ is an indicator of the probability that individuals with positive test results do have the disease, whereas
the PV-expresses the probability that individuals with negative testing results do not have the disease.

Repeatability: Agreement between replicates within and between runs of the same assay.

Reproducibility: The ability of a test to provide consistent results when applied to aliquots of the same
sample at different laboratories.

Sensitivity (diagnostic): Proportion of known infected individuals that test positive in an assay. Infected
individuals that test negative are considered as false negatives.

Sensitivity (analytical): Smallest amount of the analyte (for example, antigen) which is detectable.
Specificity (diagnostic): Proportion of uninfected reference individuals that test negative in an assay.
Uninfected individuals that test positive are regarded as false positives. This type of specificity can be
denominated as specificity 1. Specificity which refers to reference individuals that are not infected with a
specific agent (for example Echinococens) but harbour other parasites is denominated as specificity 2.

C. Epidemiology and control (1, 2, 5)

Aberrant host: Host which does not play a role in epidemiology and is a ‘blind end” for the parasite (same as
accidental host).

Accidental host: see aberrant host.

Carrier: Host that is infected without displaying clinical symptoms and signs, and that can be a source of
infection to other individuals.

Case fatality: Proportion of individuals that die of a disease in a population of affected individuals
(=number of deaths/number of diseased individuals) (e.g. if 10 individuals of 100 patients with
echinococcosis die, then case fatality is 10%).

Control: Active implementation of a programme to limit the prevalence of a specific disease.

Cost-benefit ratio: Ratio of costs of a disease in relation to the benefits that accrue from their control.

Endemic occurrence: Constant occurrence of a disease in a population.
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Epidemic occurrence: Occurrence of a disease to a level in excess of the expected (i.e., endemic) level.

Eradication: Reduction of a specific disease prevalence to the point of continued absence of transmission (or
absence of a parasite) within a specific area.

Hyperendemic occurrence: Constant occurrence of a disease at a high level (see also steady state)

Incidence: Number of new cases of a disease that occur in a population in a particular geographic area within
a defined period, (e.g. 10 new cases per 100,000 population per year).

Infection: Infection is not synonymous with an infectious disease, but in this text, the term is used frequently
to denote both an infection and a disease (5).

Life-cycle: Biological cycle of a parasite.
Domestic cycle: Cycle involves only domestic animals.
Mixed (intermediate) cycle: Cycle involves domestic and wild animals.
Sylvatic cycle: Cycle involves only wild animals.

Synanthropic cycle: Cycle associated with human habitats (syn: with anthropos: man), often used as a
synonym for domestic cycle.

Monitoring: Routine collection of information on disease and parameters possibly telated to them in a
population.

Morbidity: Proportion of diseased individuals in a population.

Mortality: Number of deaths due to a disease that occur in a population in a particular geographic area within
a defined period (e.g. 10 deaths per 100,000 population pert year).

Odds ratio: Ratio of probability of an event occurring to that of it not occurring.
Pandemic occurrence: Widespread epidemic that usually affects a large proportion of the population.

Prevalence:
Point prevalence: Number of cases of an infection or related attributes (e.g. presence of antibodies) in a
population at one given time without distinction of old and new cases (example: 10 cases per 100,000 in
May 1998).

Period prevalence: Number of cases of an infection or related attributes (e.g. presence of antibodies) in a
population during a specified period of time without distinction of old and new cases (example: 10 cases

per year).
Group prevalence: prevalence in a smaller group of subjects which may not be representative for a larger
population.

Rate: a ratio that indicates changes of disease occurrence over time (e.g. rate of new cases of a disease
occurring in a population during a defined period of time). ‘Rate’ is often used to describe the proportion of
infected/diseased individuals in a population, independent of changes over time.

Reproduction (basic) ratio (Ro): In helminths, the ratio of the number of adult parasites in the following
generation to the number of adult parasites in the present generation defines the basic reproduction ratio of
the parasite population, and is usually denoted by Ro. By definition Ry is the reproduction ratio in the absence
of density-dependent constraints (1).

Sample: Selected part of a population.

Screening: Procedure for identification of an unrecognised infection or disease or defect using tests or other
procedures that can be applied to a population or a selected subset.
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Spatial distribution: Distribution of organisms within an area.

Sporadic occurrence: Occurring irregularly, from time to time and generally infrequently (5).

Steady state: Parasite population is neither increasing nor decreasing over time (1). The following definitions
are modified after Gemmell and Roberts (1):

Endemic steady state: Parasite population size is constant (with effective reproduction ratio R=1) at a
low or moderate level.

Extinction steady state: No parasite present (see also eradication).

Hyperendemic steady state: Parasite population size is constant at a high level and strongly regulated by
density-dependent constraints.

Surveillance: Intensive form of monitoring designed so that action can be taken to improve the health status
of a population.

Survey: Investigation for collecting information on a disease.

Transhumance: Seasonal moving of livestock to regions of different climate.

Zoonosis: Infection shared in nature by humans and other vertebrates.
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Abbreviations

ABZ albendazole

Arch antigen-antibody precipitation line detected by double diffusion (DD) or IEP
AE alveolar echinococcosis

bw body weight

CA-ELISA coproantigen-ELISA

CE cystic echinococcosis

CIOMS Council for International Organizations of Medical Sciences
CT computed (computer assisted) tomography

Da dalton

DD double diffusion test

DNA deoxyribonucelic acid

EITB enzyme-linked immunoelectro transfer blot

ELISA enzyme-linked immunosorbent assay

ERC endoscopic retrograde cholangiography

EU European Union

FAO Food and Agticulture Organization of the United Nations
G genotype

1B immunoblot

IEP immunoelectrophoresis

IFAT indirect fluorescent antibody test

IHA indirect haemagglutination assay

kDa kilodalton

LAT latex agglutination test

MBZ mebendazole

MRI magnetic resonance imaging

nor N number

OD optical density

OIE Office International des Epizooties (World Organisation for Animal Health)
PAHO Pan American Health Organization

PAIR puncture, aspiration, injection, reaspiration

PAP peroxidase anti-peroxidase

PAS petiodic acid-Schiff

PCR polymerase chain reaction

PE polycystic echinococcosis

RAPD random amplified polymorphic DNA

p.L post infection

RH relative humidity

RFLP restriction fragment length polymorphism

SSCP single-stranded confirmation polymorphism

sp., spp- species (singular and plural)

(SN ultrasonography

WHO World Health Organization

WHO/IWGE Wotld Health Organization Informal Working Group on Echinococcosis
X-ray radiography
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Chapter 1

Aetiology: parasites and life-cycles

R.C.A. Thompson and D.P. McManus

Summary

The control of any infections agent requires a sound knowledge of the taxonomy and transmission cycles which
perpetuate the agent in nature. This is essential for surveillance and predictive epidemiology, and in determining the
aetiology and appropriate treatment regimes in cases of disease. In this chapter, the biology of the cansative agents
of various forms of echinococcosis are described and details provided of the major cycles of transmission which are
known to maintain the parasites in different geographic areas. Emphasis is given to the extent and nature of
variability within the genus BEchinococcus which reflects considerable inter- and intraspecific heterogeneity which
bas a profound influence on the epidemiology of echinococcosis. The identification of species and strains within the
genus is an essential prerequisite to the establishment of local control programmes and appropriate molecular
biological tools are now available for this.

1.1. Introduction and terminology

Echinococcosis is a zoonotic infection caused by adult or larval (metacestode) stages of cestodes belonging to
the genus Echinococens and the family Taeniidae.

At present, four species of Echinococcus are recognised, namely Echinococcus granulosus, E. multilocularis,
E. oligarthrus and E. vogeli (Table 1.1.). The parasites are perpetuated in life-cycles with carnivores as definitive
hosts, which harbour the adult egg-producing stage in the intestine, and intermediate host animals, in which
the infective metacestode stage develops after peroral infection with eggs. Metacestodes may incidentally also
develop in humans causing various forms of echinococcosis (Chapter 2, Table 2.1.), and this may also occur
in various animals species, which do not play a role in the developmental cycle of the parasite (= aberrant or
accidental hosts; see below) (Chapter 3, Table 3.1.).

Within the species E. granulosus, genetic heterogeneity is common resulting in a number of intraspecific
variants or ‘strains’. However, some of the forms which have been recognised as distinct strains were, in fact,
described many years ago as species or subspecies. The reinstatement of their formal taxonomic status has
recently been proposed following a reappraisal of the taxonomy of Echinococcus in light of phylogenetic
analyses of deoxyribonucleic acid (DNA) sequence data (29).

1.2. General morphology

General features

Echinococens exhibits certain unique characteristics that set it apart from the other major genus in the family,
Taenia. An adult Echinococcus is only a few millimetres long (rarely more than 7 mm) and usually has no more
than six segments, whereas species of Taenia can grow to several metres in length and consist of several
thousand segments. Like all tapeworms, Echinococcns has no gut and all metabolic interchange takes place
across the syncytial outer covering, the tegument.

Scolex and strobila

Anteriorly, the adult Echinococcus possesses a specialised attachment organ, the scolex, which has four muscular
suckers and two rows of hooks, one large and one small, on the rostellum (Fig. 1.1.). The body, or
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Chapter 1 Aetiology: parasites and life-cycles

strobila, is segmented and consists of a number of reproductive units (proglottids), which may vary in number
from two to six. The adult worm is hermaphrodite with reproductive ducts opening at a common, lateral,
genital pore, the position of which may vary depending on species and strain. There is a prominent cirrus sac,
which may be horizontal or tilted anteriorly and the vitellarium is globular (Fig. 1.1.). The uterus dilates after
fertilisation, eventually occupying most of the terminal segment when the eggs are fully developed.

Eggs

The eggs are ovoid (30 um-40 um diameter), consisting of a hexacanth embryo (oncosphere = first larval
stage) surrounded by several envelopes, the most noticeable one being the highly resistant keratinised
embryophore, which gives the egg a dark striated appearance (Fig. 1.2.). The outer capsule quickly disappears
once the eggs are liberated from the host. The eggs of Echinococcus are morphologically indistinguishable to
those of other tapeworms of the genus Taenia.

Metacestode

The metacestode (= second larval stage) basically consists of a bladder with an outer acellular laminated layer
and an inner nucleated germinal layer, which may give rise by asexual budding to brood capsules.
Protoscoleces arise from the inner wall of the brood capsules (Fig. 1.3.a.). The structure and development of
the metacestode differs between the four species of Echinococcus (see paragraph 1.5. and Fig. 1.3.b.).

1.3. General life-cycles
Basic life-cycle pattern

Echinococeus spp. require two mammalian hosts for completion of their life-cycles (Fig. 1.4.). Segments
containing eggs (gravid proglottids) or free eggs are passed in the faeces of the definitive host, a carnivore.
The eggs are ingested by an intermediate host, in which the metacestode stage and protoscoleces develop. The
cycle is completed if such an intermediate host in eaten by a suitable carnivore.

Eggs in the environment

The eggs are highly resistant to environmental factors and can remain infective for many months or up to
about 1 year in a moist environment at lower ranges of temperatutes (about +4°C to +15°C). Eggs of
Echinococcus are sensitive to desiccation. At a relative humidity of 25%, eggs of E. granulosus were killed within
4 days and at 0% within 1 day. Heating to 60°C-80°C killed eggs of E. granulosus in less than 5 min. On the
other hand, Echinococcns eggs can survive freezing temperatures (8, 12, 30) (Chapter 7).

Intermediate and aberrant (= accidental) hosts

The intermediate hosts, represented by a wide range of mammals, acquire the infection by the ingestion of
eggs. Pollowing the action of enzymes in the stomach and small intestine, the oncosphere is released from the
keratinised embryophore (24) (Fig. 1.4.). Bile assists in activating the oncosphere, which penetrates the wall of
the small intestine. Penetration is then aided by the hook movements, and possibly by secretions, of the
oncosphere. Upon gaining access to a venule or lacteal, the oncosphere is passively transported to the liver,
where some are retained. Others reach the lungs, and a few may be transported further to the kidneys, spleen,
muscles, brain or other organs (24). All mammals (including man) in which metacestodes of Echinococcus
species develop after infection with eggs, may be referred to as ‘intermediate hosts’. From the epidemiological
point of view, it might be useful to differentiate between ‘intermediate hosts’, which play a role in the
perpetuation of the cycle, and ‘aberrant or accidental hosts” which represent a ‘blind alley’ for the parasite as
the latter are not involved in disease transmission. This may be because metacestode stages do not become
fertile (see below) in these hosts or because such hosts do not interact in the transmission cycle. With a few
rare exceptions, humans belong to the group of ‘aberrant hosts’.
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Days and stages

Description of development

Day 1
Sc
CC

Days 11-14

EC

GR

Tr

QaHdoa

P

: scolex
: calcareous

corpuscles

: hooks
: rostellum
: sucker

: band

: excretory

canal

: genital

rudiment

: segment

: rudimentary

testes

: uterus

: ovarium

: testes

: genital pore

Protoscolex has evaginated and elongated;
contains numerous calcareous corpuscles

Calcareous corpuscles have disappeared; lateral
excretory canals are conspicious; genital rudiment
present denoting formation of first proglottid;
constriction and clear area below the neck
(‘banding’) marks the site of the first segment

Genital rudiment has divided into two and
extends unilaterally; first segment fully formed

Rudimentary testes appear in the first proglottid;
initial stages in formation of second proglottid

Two-segmented worm; male genitalia — testes,
cirrus and vas deferens — have developed; female
genitalia — ovary, Mehlis’ gland and vitelline gland
— still developing; uterus appears as a streak; both
cirrus and vagina open to exterior via lateral
genital pore

Fig. 1.1.

Stages of development of Echinococcus granulosus to the adult form in the definitive host
The period at which various stages appear may vary and are dependent on strain of parasite and various host

factors

Reproduced from (24) with permission from CABI Publishing
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Days and stages

Description of development

Days 28-33

SR : seminal

receptacle
VG : vitelline gland
VD¢ : vas deferens

Male and female genitalia in terminal proglottid
tully mature; uterus still dilating; penultimate
proglottid has developing genitalia; either a band
or third segment appear

0.5mm

CS : cirrus sack
V  :vagina
FD : female

reproductive

ducts

Days 33-37

U . uterus Ovwulation and fertilisation in terminal proglottid;
Z  : zygotes fully dilated uterus contains dividing zygotes;
E  : embryonated male and female genitalia degenerating in

cggs terminal proglottid; mature genitalia in

penultimate proglottid and developing genitalia in
ante-penultimate proglottid; strobila divided by
three or four segments

Days 37-45

Gravid with embryonated eggs in uterus of
terminal proglottid — embryo (oncosphere);
zygotes in uterus of penultimate proglottid;
strobila divided by three, four or five segments

Fig. 1.1. (contd)

Stages of development of Echinococcus granulosus to the adult form in the definitive host
Reproduced from (24) with permission from CABI Publishing
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capsule

vitelline layer
(= outer
envelope)

hook

embryo

phore L= inner
muscle I envelope
cell granular

layer
el germinal cell
sphere

gland celi
oncospheral
membrane
Fig. 1.2

Diagram of the egg of Echinococcus (24)

V'
adventitial layer / E. granulosus
W aminated layer

H ~ germinal layer

Fig. 1.3.a.
Diagrammatic representation of the metacestode of Echinococcus granulosus (24)

vesicles
¥

A

4 X infiltrating cellular
protrusions of germinal

y //'( layer

/ circulation

,) & / > distant
/S S metastatic

N /s foci

Fig. 1.3.b.
Diagrammatic representation of the metacestode of Echinococcus multilocularis (24)
Reproduced from (24) with permission from CABI Publishing

6 WHO/OIE Manual on echinococcosis in humans and animals



Chapter 1 Aetiology: parasites and life-cycles

[ DEFINITIVE HOST |

sexually mature adult worm between villi
of small intestine with scolex attached in
crypt of Lieberkihn

evaginated - “H Yo% 4 terminal
protoscolex actively X DY proglottid
descends between villi a containing eggs

ﬁ @ voided in faeces

invaginated protoscolex |resistant egg containing
ingested by definitive oncosphere ingested
host by intermediate host

L7
W
@@E egg hatches
in st
= in stomach
and released
oncosphere
is activated in
small intestine
metacestode (hydatid cyst)
develops in viscera,

protoscoleces produced by

asexual multiplication oncosphere penetrates
mucosa and enters
circulation

| INTERMEDIATE HOST ]

S : scolex

B : cyst with brood capsule containing protoscoleces

Fig. 1.4.
Basic life-cycle of Echinococcus (24)
Reproduced from (24) with permission from CABI Publishing

The metacestode stage

Once the oncosphere has reached its final location, it develops into the metacestode stage. Time of
development is variable and it may take several months before protoscoleces are produced (fertile
metacestode). There may be several thousand protoscoleces within a single cyst of E. granulosus or an
aggregation of vesicles of E. multilocularis. Each single protoscolex is capable of developing into a sexually
mature adult worm. Not all metacestodes produce protoscoleces (sterile metacestode). When protoscoleces
are ingested by a suitable definitive host, following the action of pepsin in the stomach, they evaginate in the
upper duodenum in response to a change in pH, exposure to bile and to increased temperature. They then
develop to the sexually mature adult tapeworm (Fig. 1.4.), approximately four to six weeks after infection,
depending on the species and strain, and on the susceptibility of the host. Morphological details of this
development are shown in Figure 1.1.

1.4. Specific life-cycle patterns

The basic life-cycle patterns of the two major species, E. granulosus and E. multilocularis, are illustrated in Figure
1.5. These may be considered to be natural cycles and, in the case of E. granulosus, is thought to be ancestral
(16, 28). However, the public health and economic significance of echinococcosis as the most important of
the cestode zoonoses, is directly attributable to human factors, which have allowed interaction between
natural (sylvatic) and domestic cycles and have resulted, particularly in the case of E. granulosus, in the
widespread global perpetuation of Echinococcus in a variety of domestic, man-made life-cycle patterns (Fig. 1.5.)
(6, 20, 21, 23, 26).
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Chapter 1 Aetiology: parasites and life-cycles

1.4.1. Echinococcus granulosus

This species has a low intermediate host specificity and has been recorded from domestic and wild ungulates
belonging to eight families, particularly bovids, as well as primates, leporids and macropod marsupials (24, 26)
(Chapter 3).

Sylvatic cycle

The ancestral form of E. granulosus is thought to be represented in a sylvatic cycle involving wolves and
cervids, such as moose and reindeer, in northern North America and Eurasia. This cycle is primarily
perpetuated by a predator-prey relationship, although domestic cycles involving dogs and domesticated
reindeer operate in parts of Canada, Alaska, Scandinavia and the Russian Federation.

Domestic cycle

The most important cycles for perpetuating . granulosus involve domestic ungulates, of which representatives
from every species are reportedly susceptible. The domestic form of E. granulosus is believed to have evolved
from that in cervids, and to have become adapted to domestic ungulates with the development of animal
husbandry. Today, there are several different life-cycle patterns involving domestic ungulates and dogs, all of
which are perpetuated by man’s irresponsibility and/or ignorance. Undoubtedly, the most important cycle is
that involving domestic dogs and sheep.

Wild animals as hosts

Wild animals are also involved in cycles in different parts of the world, although the zoonotic importance of
such cycles is minimal compared to domestic cycles. Wild ungulates of several species have been found
infected, principally in Africa, where wild canids, such as hunting dogs (Lycaon pictus), jackals (Canis mesomelas
and C. aurens) and hyaenas (Crocuta crocuta), as well as occasionally domestic dogs, act as definitive hosts. The
lion has also been recorded as a definitive host of E. granulosus in Africa and this is the only record for a felid;
the domestic cat is not a suitable host for adult E. granutlosus.

The red fox, Vulpes vuipes, is susceptible to certain domestic forms of E. granulosus, and may play an increasing
role in the epidemiology of cystic echinococcosis (CE) in countries such as Australia (20). In South America,
species of fox in the genus Dusicyon appear to be important definitive hosts in certain areas and in particular,
are involved in cycles in which European hares (Lepus eunropaens) act as intermediate hosts.

A significant sylvatic cycle operates on the Australian mainland between dingoes (and feral dogs) and
macropod marsupials such as wallabies. The practical significance of this cycle is the possibility of overlap and
interaction with the domestic cycle, thus impeding control efforts directed at the latter cycle.

1.4.2. Echinococcus multilocularis

The typical cycle for this species is sylvatic and involves foxes of the genera [ufpes and Algpex and rodents,
particularly those of the family Aricolidae. Rodents in the families Soricidae, Talpidae, Sciuridae, Cricetidae and
Dipodidae, and pikas (Ochotonidae) may also be involved (6, 16, 24, 26) (Chapters 3 and 5.3.).

Domestic dogs and cats are also susceptible definitive hosts and may become infected by predating wild
intermediate hosts. Such is the case in the Arctic, where a cycle involving dogs and voles occurs. Such cycles
may also operate in any other area, where dogs and cats may capture and eat infected rodents; they have been
observed in central Europe, Japan and other regions. Cycles involving cats and house mice may also exist in
certain areas, although such partially domestic cycles may be of minimal significance in the overall
perpetuation of E. multilocularis.

1.4.3. Echinococcus oligartbrus

Only felids are capable of acting as definitive hosts of this species. With the larval stage occurring in large
South American rodents such as agoutis (Dasyprocta spp.) and pacas (Cuniculus paca) (6, 16, 24, 26). The
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principal definitive hosts are the cougar (Felis concolor), jaguar (Panthera onca), ocelot (F. pardalis), jaguarundi
(F. yagnarounds) and Geoffroyi’s cat (F. geoffroys). The cycle is thus sylvatic, although domestic cats are known to
be suitable hosts experimentally and establishment of a partially domestic cycle is therefore possible.

1.4.4. Echinococcus vogeli

As with E. oligarthrus, E. vogeli is maintained primarily in a sylvatic predator/prey cycle between the bush dog
(Speothos venaticus) and pacas, although other rodents such as agoutis and spiny rats (Proechimys spp.) are
susceptible (6, 16, 24, 26). Domestic dogs ate also suitable definitive hosts and may be involved in cycles in
endemic rural areas of South America and would appear to be the only likely source of infection to humans.

1.5. Species of the genus Echinococcus

The four currently recognised species of the genus Echinococcus (Table 1.1.) which are regarded as valid
taxonomically are Echinococcus granunlosus (Batsch, 17806), Echinococcus multilocularis Leuckart, 1863, Echinococcus
oligarthrus (Diesing, 1863) and Echinococcus vogeli Rausch and Bernstein, 1972 (15, 16, 24). These fout species are
morphologically distinct in both adult and larval stages. Specific morphological characters that are valuable for
taxonomic discrimination of the adult stage of each species are indicated in Table 1.1. and Figure 1.6.

—_— -
-
=
-
C
1 D
— £
- N
A
B
A Echinococcus vogeli C: Echinococcus oligarthrus —> genital pore
B: Echinococcus granulosus D: Echinococcus multilocularis <— genital pore
Fig. 1.6.

Comparative general morphology of adult Echinococcus species
Sonrce: adapted from R.L. Rausch (16)

1.5.1. Echinococcus granulosus
Adult stage

The adult worm varies between 2 mm-7 mm in length (rarely up to 11 mm) and usually possesses three or
four segments (rarely up to six). The penultimate segment is mature, and the genital pore normally opens
posterior to the middle of both mature and gravid segments. The gravid uterus is characterised by well-
developed lateral sacculations (Table 1.1. and Fig. 1.6. B).

Metacestode

The metacestode stage is a fluid-filled bladder usually unilocular but communicating chambers also occur (24).
The cyst consists of an inner germinal or nucleated layer supported externally by a tough, elastic, acellular
laminated layer of variable thickness, surrounded by a host-produced fibrous adventitial layer (Fig. 1.3.a.).
Typically, E. granulosus produces a single-chambered unilocular cyst in which growth is expansive by
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concentric enlargement. Asexual proliferation of the germinal layer and brood capsule formation takes place
entirely endogenously. Pouching of the cyst walls may occur giving rise to secondary chambers
communicating with the central cavity. Sometimes, the central cavity may be partly separated from the
secondary chambers by incomplete septa. Occasionally, cysts may abut and coalesce, forming groups or
clusters of small cysts of different size. In some hosts, particularly man, where unusually large cysts may
develop, daughter cysts may form within the primary cyst.

1.5.2. Echinococcus multilocularis
Adult stage

The adult worm varies between 1.2 mm-4.5 mm in length and usually possesses four to five segments. The
antepenultimate segment is characteristically mature and the genital pore is anterior to the middle of both
mature and gravid segments. The gravid uterus is sac-like (Table 1.1. and Fig. 1.6.D).

Metacestode

The metacestode of E. multilocularis is a complex structure and develops quite differently to that of
E. grannlosus. 1t is a multivesicular, infiltrating structure consisting of numerous small vesicles embedded in a
more or less dense stroma of connective tissue (Fig. 1.3.b.). The larval mass usually contains a semisolid
matrix rather than fluid. Proliferation occurs both endogenously and exogenously and is attributable to the
undifferentiated cells of the germinal layer. The metacestode consists of a network of filamentous solid
cellular protrusions of the germinal layer which are responsible for infiltrating growth (Fig. 1.3.b.)
transforming into tube-like and cystic structures. Furthermore, the detachment of germinal cells from
infiltrating cellular protrusions and their subsequent distribution via the lymph or blood can give rise to the
distant metastatic foci characteristic of E. multilocularis (1, 6).

In contrast to E. granulosus, in which growth is slow and variable, E. multilocularis develops rapidly in its natural
intermediate host, producing protoscoleces in only 2-4 months, an adaptation to the short-lived arvicoline
rodents it utilises (15, 16). Thereafter, proliferation of vesicles is curtailed, and there is little if any further
increase in size. In man, growth is very different. Proliferation is progressive but slow, and only a few, if any,
protoscoleces are produced (1, 6, 17). The larval mass proliferates peripherally and, at the same time,
regressive changes occur centrally. Thus, a progressively enlarging mass of necrotic tissue with a relatively thin
zone of viable proliferating parasite may be produced. The term ‘alveolar echinococcosis’ (Chapter 2, Table
2.1.) refers to the alveolar structure of the metacestode tissue which consists of agglomerates of small vesicles
up to about 3 cm in diameter. In recent years, cases of self-cure have been observed in humans connected
with limited proliferation and final death of the metacestode.

1.5.3. Echinococcus vogeli
Adult stage

The adult worm varies between 3.9 mm-5.6 mm in length, and usually has three segments. The penultimate
segment is mature and the genital pore is situated posterior to the middle of both the mature and gravid
segment. The gravid uterus has no lateral branches or sacculations, and is characterised by being relatively

long and tubular in form (6, 15) (Table 1.1. and Fig. 1.6.A).
Metacestode

The metacestode is polycystic and fluid-filled with a tendency to become septate and multi-chambered (24).
The cysts vary greatly in size from 2 mm-80 mm and may occur singly, in small groups, or occasionally in
dense aggregations, in which each cyst is enclosed by its separate adventitia. In E. wogeli, endogenous
proliferation and convolution of both germinal and laminated layers leads to the formation of secondary
subdivisions of the primary vesicle with production of brood capsules and protoscoleces in the resultant
chambers, which are often interconnected. Exogenous proliferation occurs, but appears to be abnormal and
does not occur in the natural intermediate host.
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1.5.4. Echinococcus oligartbhrus
Adult stage

The adult worm varies between 2.2 mm-2.9 mm in length and normally possesses three segments, the
penultimate of which is mature. The genital pore is anterior to the middle in mature segments and
approximately at the middle in gravid segments. The gravid uterus is sac-like (Table 1.1. and Fig. 1.6.C).

Metacestode

The metacestode is, like E. vogelz, polycystic and fluid-filled with a tendency to become septate and multi-
chambered (6, 24). In E. oligarthrus, there is less subdivision into secondary chambers and the laminated layer
is much thinner than that of E. sge/i. Exogenous proliferation has been reported.

1.6. Variation in Echinococcus
General aspects

A number of intraspecific variants ot strains are known to occur within the species E. granulosus (4, 7, 23, 24,
27, 28, 29). The term ‘strain’ is used to describe variants which differ statistically from other groups of the
same species in gene frequencies, and in one or more characters of actual or potential significance to the
epidemiology and control of echinococcosis (28). This variability may be reflected in characters which affect
the life-cycle pattern, host specificity, development rate, pathogenicity, antigenicity and sensitivity to
chemotherapeutic agents, transmission dynamics, epidemiology and control of echinococcosis.

1.6.1. Variation in Echinococcus granulosus
General aspects

In many cases, these variable forms of E. granulosus have been studied in detail and shown to differ in a variety
of morphological features and life-cycle characters (28). As such, a number of well characterised strains of
E. granulosus are recognised which all appear to be adapted to particular life-cycle patterns and host
assemblages (Table 1.2. and Fig. 1.5.), some of which clearly warrant species status (Table 1.2.) (29). Analysis
of DNA has been used to categorise variants of E. granulosus into distinct genotypic strain groups; to date,
9 genotypes (G1-9) have been identified (32, 33) and this categorisation follows very closely the pattern of
strain variation emerging based on biological characteristics (Table 1.2.). The notion of a series of host-
adapted species in the genus Echinococcus is not new. It is a situation that was recognised by many of the early
descriptive parasitologists whose published observations provide a logical nomenclature for the ‘new’ species
that have been proposed on the basis of molecular phylogeny. Consequently, a revised nomenclature for
species within the genus Echinococcus should not be a contentious issue since we can find taxonomic
designations for all the putative species in the literature, supported by appropriate ecological information (25).

Strain identification

All four species of Echinococcus are clearly distinguishable using morphological and biological features and/or
molecular techniques, such as sequence comparison of a 366 bp-fragment of the mitochondrial cytochrome
oxidase subunit 1 DNA (CO1) and a 471 bp-region in the mitochondrial NADH dehydrogenase gene 1
(ND1), by analysis of a ribosomal (f) DNA fragment (1ST2) or by the random amplified polymorphic DNA-
PCR (RAPD-PCR) (2, 4, 7, 10). Recent genetic studies have principally confirmed the concept of strain
diversity within the species E. granulosus, previously based on morphological and biological features. Several
molecular techniques are now available which would quite easily allow the identification of certain
E. granulosus strains using genetic markers. Such studies could contribute to the rapid clarification of the
epidemiological situation in a given area, but they have to be carried out by an experienced reference
laboratory (Annex 1.1.).
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Table 1.2.
Strains and isolates of Echinococcus species

Aetiology: parasites and life-cycles

Intermediate hosts and
aberrant hosts

Strain/isolate

(G: genotype)

Definitive hosts

Probable geographic
distribution®

Echinococcus granulosus

Sheep strain
(G1)

Sheep, cattle, pigs, camels,
goats, macropods, man

Tasmanian sheep
strain (G2)
Buffalo strain (?)
(G3)

Horse strain

(G4

Sheep, cattle?, man
Buffalo (cattle?) (manr)

Horses and other equines

Cattle strain (G5) Cattle, man

Camel strain
(GO6)
Pig strain (G7)

Camels, goats, cattle? man?
Pigs, man?
Cervid strain®

(G8)

Lion strain®

Cervids, man

Zebra, wildebeest, warthog,
bushpig, buffalo, various
antelope, giraffe?
Hippopotamus?

Echinococcus multilocularis

Rodents, domestic and
wild pig, dog, monkey, man

European isolate

Alaskan isolate Rodents, man

North American  Rodents, man

isolate

Hokkaido isolate ~ Rodents, pig, monkey,
hotse, man

Echinococcus vogeli

None reported Rodents

Echinococcus oligarthrus

None reported Rodents

Dog, fox, dingo, jackal,
hyena

Wolf, dog

Lion

Fox, dog, cat, wolf

Fox, dog, cat

Fox, dog, cat, coyote

Fox, dog, cat, raccoon-

dog

Bush dog

Wild felids

Australian mainland, Europe, United
States of America, New Zealand,
Africa, People’s Republic of China,
Middle East, South America, Russian
Federation

Tasmania, Argentina
Asia

Europe, Middle East, South Africa
(New Zealand?, United States of
Americar)

Europe, South Africa, India, Sri
Lanka, Russian Federation

Middle East, Africa, People’s Republic
of China, Argentina

Europe, Russian Federation, South
America
North America, Furasia

Africa

Europe, People’s Republic of China
®)

Alaska

North Ametrica

Japan

Central and South America

Central and South America

? .

2)