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ABSTRACT

Cystic echinococcosis is a neglected parasitic zoonosis that is regarded as an emerging
disease worldwide. Effective control of the disease is based on understanding the variability
of Echinococcus granulosus (sensu lato), as genotypic characteristics may influence lifecycle
patterns, development rate, and transmission. No molecular epidemiological research has
previously been conducted to shed light on genotypes responsible for the disease in South
Africa. To identify strains circulating in the country, parasite material was collected from
patients between August 2010 and September 2012 and analyzed by PCR/RFLP methods. A
total of 32 samples was characterized as E. granulosus (G1) (81%), E. canadensis (G6/7)
(16%) and E. ortleppi (GS) (3%). Furthermore, two co-amplifying G6/7 genotypes were
confirmed as G7 by sequencing. This is the first report on genotyping of Echinococcus
species in South Africa, and, to our knowledge, the first report of the G5 and G7 genotypes

from humans in Africa.
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CHAPTER 1 - INTRODUCTION

1.1 Echinococcus species

1.1.1 The Parasite

Echinococcus species are small cestodes (tapeworms), measuring approximately 2-7 mm in
length and typically consist of a scolex and three segments, and have a rostellum surrounded
by large and small hooks (Figure 1.1) (1-3). The metacestode stage of E. granulosus (sensu
lato) is responsible for the disease called cystic echinococcosis (CE) or hydatid disease, that
is regarded as a serious parasitic zoonosis and an emerging disease worldwide (4). The
metacestode consists of a fluid-filled sac (Figure 1.2), with an outer laminated layer and an
inner nucleated germinal layer, which gives rise to brood capsules by asexual budding;

protoscolices arise from the germinal layer and from the inner wall of the brood capsules (5).

The species are classified in the Phylum Platyhelminthes, Class Cestoda, Order
Cyclophyllidea, and Family Taeniidae (2;3;5). Apart from E. granulosus (sensu lato), which
is the primary subject of this review, other species in the Echinococcus genus are

E. multilocularis, E. oligarthrus, E. vogeli and E. shiquicus, causing either alveolar or
polycystic echinococcosis disease (6;7). Of all forms of echinococcosis occurring in humans,
only E. granulosus and E. multilocularis are the most important species due to their wide
geographic distribution and their medical and economic impact (6;8). The name

E. granulosus was first derived from the early work that was done by A. Batsch in 1786,

although the classical description was given by H. Vogel in 1957 (9).



O.5 mm

Figure 1.1 Comparison of adult 35-day-old E. granulosus of Swiss cattle origin (A) and
Australian sheep origin (B). Specimens shown represent the most advanced stages of
maturation attained in dogs. Note differences in size, particularly the length of the terminal
segment in relation to the rest of the worm. In (B), the uterus in the terminal segment is only
partially dilated and contains developing, unshelled eggs, whereas in (A), the uterus is fully

dilated and contains fully developed thick-shelled eggs. Source: Thompson ef al, 1984 (10).
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Figure 1.2 Diagrammatic representation of the E. granulosus metacestode. Source: Eckert

et al, 2001 (5).

1.1.2 Lifecycle

The Echinococcus organisms have a biphasic propagation manner comprising a sexual
reproductive phase in the hermaphroditic adult worms and an asexual proliferation of
protoscolices in the larval stage (11). The adult tapeworms reside in the small intestines of
definitive hosts (usually dogs) while the hydatid cyst (metacestode) develops in internal
organs of the intermediate hosts (8). The adult tapeworm releases eggs that are passed with
faeces and the intermediate hosts (sheep, cattle, goats, pigs, etc.) become infected when
grazing in faecally-contaminated areas. Upon ingestion of tapeworm eggs, they hatch and

release invasive oncospheres (hexacanth embryos) that penetrate the gut wall, gain access to



the circulation, and lodge in organs or tissues as metacestodes. Protoscolices develop within
the metacestode and these must be consumed by a definitive host to complete the lifecycle
(8). The dog (definitive host) usually starts shedding gravid proglottids or parasite eggs in
faeces within 4-6 weeks of infection, and the detached proglottids may perform rhythmic
contractions and relaxations which assists in egg expulsion in the environment (12;13). It was
also shown that flies (and possibly other insects) may mechanically get contaminated from

dog faeces and transport tapeworm eggs over considerable distances whilst feeding or laying

eggs (14).

Humans serve as accidental intermediate hosts, acquiring infection through ingestion of
faecally-contaminated material, and the metacestode development is similar to that of other

intermediate animal hosts (Figure 1.3).



BAFEE - MEALTHIDR - FEOFLE™

bt fiwaw dipd coie gowid pex

/

Ingestion of cysis
lin organs Definitive Host
(dogs & other canidae)

Intermadiate Host
(sheep, goats, swine, olo.)

<

Ingestion of eggs Embryonated
{in fecas) eqg in feces

ﬂ- Infeclive Stage
ﬁ- Diagnostic Stage

™

Hydatid cyst in liver, lungs, atc. penetrates intastinal wall

Figure 1.3 A typical domestic lifecycle of Echinococcus granulosus (sensu lato). Source:

Centers for Disease Control and Prevention (15).

The lifecycle of the parasite can either be maintained in a synanthropic cycle involving dogs
and domestic ungulates or in a sylvatic cycle involving wild caniid carnivores as definitive
hosts and wild ungulates as intermediate hosts (16). Epidemiologically, it is important to be
aware that synanthropic and sylvatic lifecycles can be independent or inter-linked, resulting
in ‘spill-over’ situations as some strains are infective in both cycles (16). It is believed that

the ancestral form of E. granulosus originated from the sylvatic cycle involving wolves as



definitive hosts and cervids (North American and Eurasian moose and reindeer) as
intermediate hosts, with the domestic form of E. granulosus evolving from cervids and

adapting to domestic ungulates with the development of animal husbandry (5).

Domestic transmission of the infection is usually through deliberate feeding of infected
livestock or wildlife offal to dogs or through dogs scavenging carcasses of infected

intermediate hosts. Transmission in the wild is usually through predator/prey relationships

(8).

1.1.3 Taxonomy

The classification of causative agents of CE has been a controversial subject for many years.
This taxonomic uncertainty was largely due to the limitations of morphological descriptions
and lack of evidence for geographical or ecological segregation of the parasites (9;17;18).
Although the classification of most variants of the parasite was mainly based on host-parasite
specificity characteristics, they were nonetheless mainly grouped within the E. granulosus

‘complex’ and regarded as synonyms of E. granulosus (19-21).

This intraspecific variation within the E. granulosus ‘complex’ has epidemiological
significance, as variants of this parasite have been shown to develop at different rates in the
definitive host, thus affecting the timing of administering antihelmintic drugs in dog
deworming programs (10;18;22). Given the international efforts aimed at controlling the

spread of the disease, an informal nomenclature was needed to reflect the phenotypic



variability between host-derived populations of E. granulosus in different geographic

locations (9).

Thus, the ‘strain’ concept was developed. This was defined as variants that 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 (23). This
variability may be reflected in characters which affect the lifecycle pattern, host specificity,
development rate, pathogenicity, antigenicity and sensitivity to chemotherapeutic agents,

transmission dynamics, epidemiology and control of echinococcosis (5).

Although historically, the characterization of E. granulosus strains/species relied mainly on
morphologic techniques in combination with biological, epidemiological, biochemical and
other features, the development and improvement of molecular methods has given more
legitimacy to the strain concept. These molecular tools have shown evidence of genetic
differences correlating to phenotypic variability within the isolates of E. granulosus

‘complex’ from different intermediate hosts (11;16;18;24).

The recognition of host-adapted strains and development of molecular methods eventually
led to the development and confirmation of 11 genetically-distinct strains of E. granulosus,
designated G1-G10, and the ‘lion strain’ (6;7;25-27). These strains were originally named
after the intermediate host thought to be most important in perpetuating the lifecycle, and are
still referred to as such by some researchers in the literature. G1 is generally referred to as the

sheep strain, G2 as the Tasmanian sheep strain, G3 as the buffalo strain, G4 as the horse



strain, G5 as the cattle strain, G6 as the camel strain, G7 and G9 as the pig strains, and G8

and G10 as the cervid strains.

Table 1 A summary of Echinococcus species/strains, showing current taxonomic status.
Source: Hiittner and Romig, 2009 (7).

(Taxa recorded from sub-Saharan Africa are highlighted in bold)

Conventional taxonomy Molecular taxonomy*
Species Strain Genotype  Species
E. granulosus Sheep strain Gl E. granulosus sensu siricto
Tasmanian sheep strain G2
Buffalo strain G3
Horse strain G4 E. equinus
Cattle strain G5 E. ortleppi
Camel strain G6 E. canadensis**
Pig strain G7
Cervid strain G8
! GY
Fennoscandian cervid strain ~~ G10
Lion strain - E. felidis
E. multilocularis E. multilocularis
E. shiquicus E. shiquicus
E. oligarthra E. ohgarthra
E.vogeli E. vogeli

* Combined from Nakao et al. (2007) and Hiittner et al. (2008).
** The camel and pig strain might be split from E. canadensis as a separate species (Thompson, 2008; Saarma et al. 2009).

These ‘strains’ have since been assigned to a number of distinct species based on an
increasing amount of genetic information (Figure 1.4) (11;17;18;24;28;29); and are now split
into five species, namely E. granulosus sensu stricto (G1-G3); E. equinus (G4); E. ortleppi

(G5); E. canadensis (G6-G10) and E. felidis (Table 1). There have also been suggestions to




remove the camel, pig and cervid strains from E. canadensis. However, molecular

characterization of more isolates from different geographic areas will be needed (18).

E.canadensis G 6

E.canadensis &S 7T

E. canadensis G 8

E. ortleppi

E._multifocularis

E.shiguicus
E.equinus

E.felidis

E.granulosus s.s.

E. oligarthrus

E. vogeli

T.soflium

Figure 1.4 Phylogenetic tree showing genetic relationships of Echinococcus species. Source:

Hiittner er al, 2008 (24). The scale bar represents the estimated number of nucleotide
substitutions per nucleotide site. The sister species relationship between E. felidis and
E. granulosus sensu stricto is shown in boldface.

1.2 Cystic echinococcosis/ hydatid disease

1.2.1 Clinical manifestations

The Echinococcus species are of medical and veterinary importance, since infection with the

metacestode can cause severe illness (even death of the intermediate host) and livestock-
associated production losses (4;8;30;31). Clinical manifestations of the disease in

intermediate hosts primarily depend on the size, location and number of cysts (5;8;12;13).



Patients can remain asymptomatic for months, years, and even longer, with clinical
symptoms showing from below one year to over 75 years of age in all sexes (5;12;32). The
clinical complications are therefore a result of mechanical pressure exerted on surrounding
vital organs by the growing cyst. Accidental rupture of cysts can also happen, releasing fluid
filled with protoscolices and possibly leading to anaphylactic reactions and secondary
multiple cyst infections (as protoscolices can develop into secondary cysts within the

intermediate host) (12).

Lung infection may present as chronic cough, pneumothorax, pleuritis, lung abscess and
parasitic embolism (5;12). Heart involvement can present as a tumour, complete heart block
and sudden death (5). The effects in the brain are usually headache and mass effects with
neurological symptoms, and patients with eye infection can present with pain, ptosis and

visual disturbances (5).

Although estimations of anatomical distribution in the literature vary, the tapeworm cysts in
humans can be found mostly in the liver (62 to 70%), lungs (20%), and other organs (brain,
wall of the heart, kidneys, spleen, orbit of the eye, marrow cavity of bones, etc.) can be
involved in 10% of the cases (12;33). Multiple cysts or multiple organ involvement can also
be seen in 20% to 40% of patients (34). In other intermediate hosts such as sheep, cysts have
been found localized in the liver in up to 90% of cases (35). The biological explanation for
CE preponderance in the liver and lungs is thought to be due to the many capillary sites that
the migrating Echinococcus oncospheres primarily encounter in the hepatic or pulmonary

filtering system before they reach any other peripheral organ (36-38).

10



Very little information is currently available regarding the influence of genotypes on the
pathogenicity of the disease in humans and animals (39). There is some evidence, however,
that certain strains have low or no infectivity to humans, whereas some are thought to be
more virulent (5;40;41). The E. granulosus G8 strain has been reported to result in less severe
disease than other genotypes, which has led to recommendations to treat CE patients in areas
where G8 is prevalent by careful medical management, rather than by aggressive surgery
commonly used with other genotypes (27). However, subsequent studies have since shown

that the G8 strain also has the potential to lead to severe clinical disease (42).

The clinical manifestations of cystic echinococcosis can also be complicated by other factors
such as co-infection with human immunodeficiency virus (HIV) (43). It was found that the
profound immunosuppression of the patient can result in extensive CE disease and can

interfere with immunodiagnostic tests, leading to false-negative results (43).

The adult tapeworms are considered to be rather harmless to the definitive host, except when

they occur in large numbers, when they might cause severe enteritis (13).

1.2.2 Diagnosis

Imaging procedures together with serology are usually the most effective way of yielding a
diagnosis for the infection with Echinococcus spp. The use of ultrasonography is regarded as
the safest and most convenient way of diagnosing echinococcosis, and is also helpful in
following up treated patients (Figure 1.5 A and B) (5;12;44). Other imaging techniques used

in more specialised centres include computed tomography (CT) scan, standard radiology

11



(x-ray) and magnetic resonance imaging (MRI) (5). The CT scan of the abdomen can give
better information concerning the location, accessibility and possible complications in
patients, and is also important where there is diagnostic uncertainty or where recurrent
disease is diagnosed (45). MRI has been found to add little value to CT scanning and is also

not cost-effective (45).

Figure 1.5 (A) Lung cyst on chest radiograph (46); (B) Macroscopic appearance of the

E. granulosus cyst in liver tissue (46); (C) Protoscolices under a light microscope (100 x

magnification).

12



The most accurate way of confirming the infection is through the simple use of a basic light
microscope to find protoscolices or hydatid hooklets from aspirated cyst fluid (Figure 1.5 C);
however, diagnosis through this method is not common as the sampling requires an invasive
procedure such as removal of the cyst or therapeutic puncture, aspiration, injection and re-

aspiration (PAIR) technique (5).

Immunodiagnostic tests can also be used to diagnose infections, or in sero-epidemiological
surveys, to screen for the prevalence of CE and as a means of evaluating the efficacy of
control measures (47-49). Some of the assays that have been used in screening studies are
indirect haemagglutination assays (IHA), latex agglutination, complement fixation, as well as
ELISA tests (47;48-51). The prevalence of infection has also been determined by collecting
dog faecal samples and performing copro-antigen ELISA surveys (47). The shortcoming of
these assays, however, is their low sensitivities as they have been found to produce false

negative results of up to 50% (48;49).

1.2.3 Treatment

Surgery remains the mainstay treatment of echinococcosis (12;52). Where surgery is contra-
indicated, i.e. by patients refusing surgery, very old patients, pregnant women or in cases of
multiple cysts or cysts difficult to access, treatment of CE can be through PAIR,
chemotherapy, or a ‘wait and see’ approach (12;52). The injection of protoscolicides when
performing the PAIR procedure is important to inactivate viable protoscolices and reduce the
chances of secondary infections in cases of accidental cyst rupture in patients. The agents

(protoscolicides) with relatively low toxicity that are usually injected during the PAIR
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procedure are 70%-95% alcohol, 15%-20% hypertonic saline solution or 0.5% cetrimide
solution (52). It is also important to carefully choose less toxic scolicidal solutions as some
can lead to adverse patient outcomes (53). Formalin was the original scolicidal solution that
was used for CE treatment, but it has since been shown to be unsafe, as it has led to death
from acidosis and cholangitis (54;55). There was also a clinical case report cautioning against
the use of 20% hypertonic saline at a paediatric unit of the University of Cape Town, where it

led to anuria, renal failure, bradycardia and eventually, patient death (53).

The preferred chemotherapeutic agents that are used in pre- and post-operative procedures
and in non-invasive interventions are the benzimidazoles, albendazole and mebendazole
(45;52;56). Both drugs interfere with glucose absorption through the wall of the parasite,
leading to glycogen depletion (45;56). It has been proposed that praziquantel be administered
as an additional anti-protoscolicidal drug alongside benzimidazoles, especially before and
after surgery where there is risk of cyst rupture and release of protoscolices (12). Itis
important however, to take into consideration the possible side effects on patients as 10% to
20% of patients may develop transient elevation in transaminases, and both albendazole and
mebendazole are contraindicated in pregnancy due to their teratogenic and embryotoxic

effects in animals (45;57).

1.2.4 Prevention/control

The domestic transmission of Echinococcus species is mainly influenced by human activities
and behaviour, politics and the presence of wildlife intermediate reservoirs (8). Because of

the nature of transmission, the infection will usually be facilitated by uncontrolled
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slaughtering practices, especially in pastoral communities where there is close proximity of
humans, dogs and livestock and where offal is fed to dogs. In Australia, New Zealand and
Iceland, successful or provisional interruption of E. granulosus transmission was achieved
through concerted action and political will (58;59). The role of free-roaming dogs has also
been demonstrated to have epidemiological significance, as soil samples in some areas have
been found PCR positive for the G1 strain (60), thus showing that direct contact with dogs is
not always the sole risk factor in areas that are not properly fenced. In the Turkana district of
Kenya, which has an unusually high prevalence of CE (61;62), women were shown to have a
higher incidence of the disease than men (63). This was especially the case when they were at
child-bearing age as they used dogs to guard children against wild animals and also used dogs
to remove excrement from babies, thus putting them at greater infection risk (63). Several
control approaches were introduced to combat the high infection rate in that district, such as
community education on the lifecycle of the parasite, including compilation of songs in local

dialect as part of community-based health care programs (64).

Traditionally, prevention of the disease primarily focuses on veterinary interventions to
control the intensity of infection in definitive hosts, by regular deworming of dogs and
education on sanitary precautions when handling pets (33). However, collaboration between
veterinarians and public health workers is essential for the successful control of
echinococcosis (65). The epidemiological importance of CE is also underestimated due to

underreporting and lack of compulsory notification (34).

The holistic control approach also needs to consider the ‘spill-over’ situations from sylvatic

cycles; therefore careful epidemiological studies and strain identification are important as
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basic requirements for effective control (16). The influence of the sylvatic cycle as reservoir
for the domestic cycle is best illustrated through the Australian situation, where, although
provisional eradication was achieved, CE started to resurface in eastern Australia, where the
wildlife cycle was believed to be the main source of infection through farmers who fed offal
from kangaroos and feral pigs to their dogs (8). The compatibility of the two transmission
cycles was also demonstrated when a silver-backed jackal in South Africa was successfully
infected with hydatid material from humans, cattle, pigs and sheep (20). Therefore, molecular
epidemiological studies are necessary to understand genotypes responsible for transmission in

a given area and to also allow rapid identification of ‘spill-over’ situations.

Perhaps the most important tool provided by molecular epidemiology in the control and
prevention of CE, is the detailed knowledge on the species and genotypes present in a
particular area that allows public health officials to properly time the administration of
antihelmintic drugs in dogs before patency. It was found by Eckert ef al (2001) that the pig
(G7) and Tasmanian sheep (G2) strains have a shorter maturation time in dogs compared to
the common sheep strain (G1) (5). The former cattle strain, E. ortleppi, has also been shown
to reach patency a week earlier than the G1 strain (1). Therefore, dog treatment programs that
are timed on the presumed presence of the common E. granulosus G1 strain will not
efficiently reduce the intensity of transmission in areas where non-G1 strains are

preponderant.

Although the G1 strain has a more dominant global presence than other genotypes, Elmahdi
et al (2004) could not find any isolate of G1 strain in central Sudan, despite the large numbers

of sheep in the area; only G6 and E. ortleppi were found (35). The sheep and goats in Sudan
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seem to be considered unimportant in the transmission and maintenance of the infection, as
most of them were found to harbour infertile or calcified cysts of E. granulosus (66;67). The
knowledge of species/strains responsible for maintaining the lifecycle should therefore form

an integral part of any control program (22).

Education and continued surveillance therefore underpin control efforts in order to break the
cycle of transmission, and it is also essential to recognize which strains are present and which

hosts support the perpetuation of the lifecycle (Figure 1.6) (18).

There are also efforts to control infection of intermediate host animals through the use of
vaccines, such as the use of EgP-29 antigen cloned from E. granulosus and expressed in

Escherichia coli, giving up to 96.6% protection against secondary echinococcosis (68-71).
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Echinococcus granulosus Echinococcus equinus
Sheep
Cattle, goats Horse
and camel
Human
Dog, dingo,
wolf and fox Dog
Echinococcus granulosus? Echinococcus granulosus?
) Camel
Pig Sheep, cattle
and goat
Human? Human
Dog
Dog Possibly other canids?
Echinococcus granulosus? Echinococcus ortleppi
Cervid Cattle
Human Human
Wolf
Dog Dog
TRENDS in Parasitology

Figure 1.6 Cycles supporting the major species and/or strains of Echinococcus granulosus
(sensu lato), showing major definitive and intermediate hosts (green) and other hosts (red)
that might be involved. Question marks (?) indicate that the host’s susceptibility to infection
is uncertain. Source: Thompson and McManus, 2002 (18).

The WHO/OIE manual on echinococcosis in humans and animals identifies six preconditions
for eradication of CE as follows: absence of adverse ecological factors; adequate
administration, operational and financial resources; availability of effective tools; favourable

epidemiological features; socio-economic importance and specific reasons for preferring
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eradication over control (5). In addition, it identifies four phases of a control programme as

summarized below (5).

1. Planning

- Introduction of special legislation on hydatid control

- Data on rural dog populations, incidence and age prevalence in human hydatid
disease and ensuring that there are enough veterinarians available for the

diagnosis and treatment of dogs

- Development of computer-based surveillance programmes

- Appropriate funding of the programme

2. Attack

- Mass dog deworming campaigns and the introduction of restrictive regulations on

dog feeding practices

- Serological surveillance of the population

- Public education on the transmission lifecycle

3. Consolidation

- Ongoing surveillance of high-risk areas and introduction of appropriate control

measures

19



- Quarantining of affected farms or farms deemed to be at risk

- Introduction of penalties for having infected dogs, where appropriate

4. Maintaining eradication

- Continued meat inspection services together with border controls to prevent

reintroduction of the infection

- Cessation of some special activities in the above phases, and resources diverted to

continuous meat inspection

- Continuous surveillance programs on humans, dogs and livestock

1.3 Echinococcus granulosus (sensu lato) epidemiology

1.3.1 Characteristics of various strains/variants

Epidemiologically, it is important to differentiate between various Echinococcus species and
genotypes due to the intraspecific variability of these genotypes, differing in morphologic,
phenotypic and other developmental characteristics, with implications for the control

programs (18).

1.3.1.1 E. granulosus sensu stricto (G1-G3)

The common sheep (G1), Tasmanian sheep (G2) and buffalo (G3) strains are now regarded
as a single species within the E. granulosus ‘complex’ and constitute the species
E. granulosus sensu stricto (17). The validity of this characterization has further been
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confirmed using phylogenetic studies (11). The high similarity of the three strains has also in
the past been confirmed using the mtDNA sequences (72). The common sheep strain (G1) is
the most epidemiologically important genotype with regard to its public health importance
and geographic range in all continents (8;39;73-76). The Tasmanian sheep strain (G2) is
thought to have evolved from G1 or exists as a rare genotype (77). Apart from Tasmania, it

has also been described in human and other intermediate hosts in Argentina (78-80).

1.3.1.2 E. ortleppi (formerly G5)

E. ortleppi was given a unique species name and removed from the E. granulosus ‘complex’
because of its genetic distinctness, intermediate host preference and sympatric occurrence
without interbreeding (10;18). As cited by Thompson, this species was initially described
morphologically by Lopez-Neyra and Soler Planas in 1943, based on South African adult
cattle worms that were originally described by Ortlepp in 1934 (9;81). The species status was
later confirmed due to the morphologic and genetic distinctness of this tapeworm (11;72;82).
The species has been found in Europe, Asia, South America and in some parts of Africa
(40;82-85), and appears to have low pathogenicity for humans, as only two human CE cases
have been described in the reviewed literature (8;83;86). Although cattle are poor
intermediate hosts of other Echinococcus species, E. ortleppi has been found to be well

adapted to this intermediate host animal in endemic regions (8-10).

1.3.1.3 E. equinus (formerly G4)

As with E. ortleppi, the former G4 strain has been given unique species status, namely

E. equinus, due to its genetic distinctness, intermediate host preference and sympatric
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occurrence without interbreeding (18). It has been found in Europe, the Middle East and
South Africa and appears to exclusively infect equines (horses, donkeys and zebras) as
intermediate hosts (8). No human CE cases have been reported, and increasing
epidemiological evidence suggests that this species may either not be infective to humans, or

its infectivity is very low (1;17).

1.3.1.4 E. canadensis (G6-G10)

This species comprises a number of Echinococcus genotypes derived from the camel (G6),
pig (G7 and G9) and cervid strains (G8 and G10). They have been shown to cluster into a
monophyletic group, and evidence suggests that they belong to a single species (11;87). As a
result, the genotypes have tentatively been unified into a single species, E. canadensis (11).
Furthermore, there are suggestions to remove the camel and pig strains (G6, G7 and G9) from
E. canadensis and designate them a unique species name due to their close phylogenetic
relationships, morphologic and other similarities, but further comprehensive population
genetic, morphological and ecological studies are required for final decision about their

taxonomic status (11). The individual strains are discussed below.

i. Camel strain (G6)

The camel strain, E. canadensis G6, is found in the Middle East, Africa, southern Asia and
South America, and principally affects camels and goats, but sporadic human cases have also

been reported in Nepal, Iran, Mauritania, Kenya and Argentina (18;22;80;85;88;89).
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ii. Pig strains (G7 and G9)

This strain, E. canadensis G7, is transmitted by domestic pigs and is found in Europe, Asia,
South America and Australia (8;25). Although previously, there was doubt surrounding
infectivity of this strain to humans, molecular studies have since shown evidence of this

strain from human CE cases in Turkey and Australia (16;25;28;90).

Another strain, similar to the pig strain (G7), was found to infect patients in Poland, but had

some clear differences and has tentatively been designated as a new genotype, G9 (91).

iii. Cervid strains (G8 and G10)

The cervid strains can be found in arctic and subarctic regions of Europe, Asia and North
America and are primarily maintained in the wild lifecycle (8). As reviewed by Jenkins et al
(2005), human CE cases are known, but the disease appears to be more benign than CE cases

caused by other Echinococcus species (8).

1.3.1.5 E. felidis (former lion strain)

This former lion strain appears to only circulate in the wildlife cycle in Africa as no records
exist reporting the infection elsewhere (1;92). In the review by Hiittner and Romig (2009),
tapeworms of this species have been found in South African and Ugandan lions, as well as in
spotted hyenas in east Africa (7). In one of the national parks in Uganda, a 72% prevalence of
E. felidis was found in lion faecal samples (92). The tapeworms were first described by
Ortlepp from South African lions and their unique taxonomic status as E. felidis has since

been demonstrated through phylogenetic studies (19;24). The chances of this wildlife cycle
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spilling over to the domestic cycle appears to be limited, as experiments attempting to infect

dogs with cysts presumed to be of E. felidis origin failed to establish infection (93).

1.3.2 Molecular genotyping methods

Molecular techniques allow a direct characterization of the parasite genome without the
shortcomings associated with traditional methods, which rely on morphological and
biological characteristics of the parasites. The latter methods have led to controversy
regarding the correct taxonomical classification of Echinococcus species due to the variable
nature of these organisms in different intermediate hosts from different geographical
localities, where key phenotypic/biological features considered important for species
characterization often overlap, leading to taxonomic confusion. However, molecular methods
are not confounded by such host-induced variability (94). Both the mitochondrial and nuclear
genomes have been used for characterizing variation in the Echinococcus species and
genotypes, and the analysis of mitochondrial DNA (mtDNA) is especially useful in

discriminating closely related organisms due to its relatively rapid rate of evolution (16).

Several methods have been used in genotyping studies, such as analysis of ribosomal or
mitochondrial genes (nadl, ITS1, ITS2) by PCR and/or RFLP; PCR amplification of
mitochondrial or nuclear genes (COX1, nadl, Hbx 2, ACT II, AgB-1) followed by sequencing
(22;25,40;69;73;75;92;95-98). However, Dinkel et al (2004) found that some of these
methods were either costly, time-consuming or required high quality DNA and were not
always practical in the screening of large samples, especially in developing countries like

Africa (89). As a result, a simpler, cost-effective PCR method especially suitable in
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developing countries was developed. This method involves a PCR/semi-nested PCR system
targeting the 12S rRNA mitochondrial genes and was found useful for the rapid diagnosis of
E. granulosus G1, E. canadensis G6/7 and E. ortleppi (G5) (89). Another study conducted in
East Africa by Hiittner et al (2009), revealed the presence of E. felidis (lion strain), and later
showed that the PCR/semi-nested PCR method targeting the 12S rRNA failed to discriminate
between E. granulosus sensu stricto (G1-G3) and the closely related sister taxon, E. felidis
(92). For this reason, a new PCR-RFLP method was developed, which targeted a nadl gene
and permitted the differentiation of all Echinococcus species known to be endemic in Africa,
as well as some Taenia species (24;92). The problem with this latter method, however, is the
size of the DNA fragment needed, as it targets an approximately 1078bp fragment, which is
difficult to amplify on old hydatid cyst samples. This shows that no single method is optimal
in all situations, but that a variety of molecular methods is available and researchers can adapt

methods practical to their research settings.

The material needed for DNA extractions can either be tapeworm eggs or hydatid cyst
material. For fertile cysts, protoscolices (hydatid sand) of the same cyst can be pooled and
analyzed as one, since it was shown that there is no polymorphism in a microsatellite locus
among protoscolices as they reproduce asexually within a cyst (99). Several DNA extraction
techniques can be used, such as lysis of eggs in 0.02 M NaOH and directly using the lysed
solution as PCR template (11). DNA can also be extracted by mincing the cyst material and
digesting it with proteinase K, followed by phenol-chloroform/ethanol DNA precipitation or
extractions using commercial tissue protocols as recommended by manufacturers

(25;73;74;92;100).
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1.3.3 The epidemiological situation in South Africa

Cystic echinococcosis has been reported in West African and East African countries and is
considered rare or not documented in central and southern African countries (101). A study
conducted by Verster et al (1966) in South Africa, estimated the average incidence of CE in
slaughtered livestock to be 1%, with the incidence varying by region and livestock species
(102). Cattle had a high CE prevalence in Eastern Cape and Limpopo provinces, whilst sheep
had a higher prevalence in parts of the Free State and North West provinces and pigs in
Western Cape Province and Mokopane (previously called Potgietersrus) in Limpopo

Province (102).

To our knowledge, no molecular genotyping study has previously been conducted in South
Africa to elucidate the prevalent genotypes. There is some published data that suggests that
some work was done in the 1930s to study species of the E. granulosus ‘complex’ found in
the country using morphological approaches. Ortlepp morphologically described species of
Echinococcus of horse and cattle origin, which were confirmed about 70 years later as

E. equinus and E. ortleppi on the basis of their genetic distinctness, different intermediate
host preferences and sympatric occurrence without interbreeding (11;18-20;72;81;83). As the
name suggests, E. ortleppi was named in honour of the work that was done by Ortlepp in

1930s.

Another species which was first described in South Africa is E. felidis, the former lion strain.
This was based on the work by Ortlepp in 1937, who isolated and described tapeworms from
lions, and also found that cysts from warthogs could infect lions but failed to infect dogs (19).

Although initially regarded as a strain, these tapeworms were later assigned the unique
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species status of E. felidis, due to genetic distinctness from the other E. granulosus variants

(24).

Another study was done to describe the helminth parasites of common wildlife species in the
northern and western parts of the Limpopo Province in South Africa, where E. granulosus
cysts were reported from the lungs of one of the six warthogs sampled (103). The species
identification was, however, based only on morphological methods, thus not excluding the
possibility that this was a different Echinococcus species, since E. felidis has already

previously been implicated as occurring in warthogs (7).

A retrospective analysis done in 2011 to shed light on the situation of the disease in South
Africa, found that CE is recognized as a clinical problem in the country, although its
epidemiology and clinical spectrum was unknown (104). Some of the key epidemiological

findings in the retrospective study are summarized below:

e Median age of patients from analyzed data was 28 years;

e There was no gender bias between males and females;

e Contrary to literature reports that 70% of cysts are localized in the liver, the study
found 64% of cysts were localized in the lungs, with the liver accounting for only 9%
of cases;

e There was an overall prevalence (serology and microscopy) of 8 to 28% in patients
with suspected infections, according to laboratory test requests in 8 South African
provinces (no data was available from the KZN Province);

e The Eastern and Northern Cape provinces had the highest prevalence rates;

® A conservative estimate of 137 CE cases should be expected per year in the country;
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e About 25 articles (individual reports and small case series) related to South Africa are
available in the literature, mainly covering unusual clinical presentations, such as

cysts in CNS, spine, heart and the orbit.

From the above, it is clear that human CE is a neglected zoonosis in the country and more
research is needed to properly understand the intensity and epidemiological aspects of the
disease in the country. As shown in this literature review, efficiency of control measures is
also intrinsically dependent on the understanding of Echinococcus species and genotypes
circulating in a given area, and this is a shortfall in South Africa as to our knowledge, no
molecular epidemiology has previously been done. Molecular techniques contribute towards
rapid clarification of the epidemiological situation in a given area, but such studies have to be
carried out by experienced reference laboratories (5). The geographically nearest country to
South Africa where information on Echinococcus species and genotypes exists is Kenya,
where the epidemiological situation is highly complex (involving at least four species of

Echinococcus) and highly variable between regions of the country (105).

1.4 Study aims

Primary aim: To characterize species and genotypes of Echinococcus causing CE in South
Africa as a first step towards understanding the cestode biology and host species responsible

for transmission of the disease in the country.
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Secondary aims:

1. To determine if there is an association between genotype and organs of cyst
localization.

2. To determine if there is regional variability of strains in different South African
provinces.

3. And lastly, if fertility of cysts can be readily determined. Fertility can play an
important epidemiological role in terms of transmission potential, especially in

livestock.
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CHAPTER 2 - MATERIALS AND METHODS

2.1 Patient recruitment and sample collection

2.1.1 Patient recruitment from the collaborative study

This research was embedded in a larger collaborative study involving clinical researchers at
Chris Hani Baragwanath Hospital and Charlotte Maxeke Johannesburg Academic Hospital,
who were evaluating new cases of cystic echinococcosis for demographic information,
clinical presentation and course of disease, and associated co-infections. The risk factors,
geographical distribution as well as the impact of co-infections like HIV, hepatitis B and TB

on the clinical course, treatment and outcome of hydatid disease were also investigated.

Patients were required to complete informed consent or (for patients younger than 18 years)
assent forms (Appendix A and B) and a standard patient questionnaire was used to collect the
relevant clinical and epidemiological data (Appendix C). This larger study commenced in
August 2010 and will run until July 2013. After surgery, the excised cysts and aspirated cyst
contents were sent to PRL for molecular genotyping. A separate analysis for the larger
collaborative study will be made of all data covering both the clinical and genotyping study;
for this project, only relevant data (patient location, organ of cyst localization etc.) was

analyzed.
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2.1.2 Sample collection from other sources

2.1.2.1 NHLS Laboratory Information System (LIS)

As part of efforts to increase recruitment of human CE samples, the National Health
Laboratory Service’s diagnostic laboratory information system (LIS) national data repository
was interrogated repeatedly for positive CE results registered on the LIS, so that we were able

to recruit samples from the relevant laboratories.

2.1.2.2 Individual donors

A surgeon based at Frere Hospital in the Eastern Cape also donated samples to the study. The
surgeon's interest was in finding out whether or not the CE drug treatment was successful in
inactivating viable protoscolices of Echinococcus species to prevent further cyst growth or to
reduce the risk of re-infection in case of spillage of hydatid fluid during surgical removal of
the cysts. Generally, for each patient, two samples were sent: one 15 ml Falcon tube
containing a mixture of hydatid cyst fluid and sterile preservative Krebs-Ringer solution
(Appendix K) for viability checks (106), and the other sample being the whole cyst (or

hydatid sand) for the genotyping study.

In summary, viability of protoscolices was confirmed either through demonstration of flame

cell activity or through the procedure summarized below (106):

1. Protoscolices in the preservative solution were allowed to settle at the bottom of the Falcon

tube for about 30 minutes.
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2. 0.01 ml solution of pooled protoscolices was mixed with 0.01 ml of 0.1% aqueous eosin

stain.

3. The mixture was left for 5 minutes at room temperature and observed microscopically at

low magnification.

Viable protoscolices were confirmed when eosin stain failed to penetrate through the wall of
protoscolices after 5 minutes; and in case of non-viable protoscolices, the pink eosin stain
could be seen inside the protoscolices (Figure 2 A and B) (106). The data on cyst viability

was included as part of the analysis for this research.

Figure 2 (A) Viable protoscolices after 5 min eosin staining. (B) Non-viable protoscolices

after 5 min staining (106).
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2.1.2.3 Abattoirs

Individual abattoirs and state veterinarians were contacted to donate samples for this study
since livestock is affected by the same transmission lifecycle as humans and serves as a
reservoir for human infection. The South African Department of Agriculture, Forestry and
Fisheries was also contacted for assistance with sample collections, but meat inspection is
subcontracted by the Department to a private company called International Meat Quality

Assurance (IMQAS), which we contacted.

CE cases reported from abattoirs were also checked by running a query on the disease
database available within the website of the department, from January 1993 to December
2011. The information was not useful as the database was last updated in 2001, ruling out the
possibility of using the site to trace relevant abattoirs where cyst samples could currently be

sourced (Appendix L).

2.2 DNA extraction, PCR and product sequencing

2.2.1 DNA extraction

All samples were preserved in 70% ethanol until DNA extraction. The DNA was initially
extracted using either an automated DNA extraction instrument (Roche MagNA Pure
Compact: Roche Diagnostics, Basel, Switzerland) or a manual commercial kit (QIAGEN
DNA Mini Kit: QIAGEN, Valencia, California, USA). For the automated method, the cyst
tissue was cut into small pieces and about 25 mg was incubated overnight in a solution
containing 150 pl bacterial lysis buffer (Roche Diagnostics, Basel, Switzerland) and 20 pl of

proteinase K (Roche Diagnostics, Basel, Switzerland) at 56°C. The digested material was
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then loaded into the automated instrument and MagNA Pure Compact Nucleic Acid Isolation
kit (Roche Diagnostics, Basel, Switzerland) was used following the manufacturer’s

instructions (Appendix G).

For the manual extraction method, samples were pre-digested and DNA extracted using a
QIAGEN DNA Mini Kit (QIAGEN, Valencia, California, USA), and either a body fluid
protocol (for hydatid cyst fluid) or a tissue protocol (for endocysts or protoscolices) was used

as per the manufacturer’s instructions (Appendix H and I).

For quality control, all samples were extracted together with a negative control (non-template
nuclease-free water control) and all PCR amplifications were run with positive and negative
controls. Preparation of master mix, loading of DNA samples and gel electrophoresis runs

were all performed in separate rooms to reduce the risk of contamination.

2.2.2 nadl PCR/RFLP
These PCRs were performed as described by Hiittner ef al, 2009 (92), with some

modifications.

2.2.2.1 Primary PCR (1073-1078 bp)

This was run in a 25 pl reaction mixture containing 2.5 pl 10x Maxima Hot Start buffer
(Thermo Fisher Scientific, Waltham, Massachusetts, USA), 4 ul of 1.25mM dNTPs (Life
Technologies, Carlsbad, California, USA), 2 ul of 2 mM MgCl, (Thermo Fisher Scientific,
Waltham, Massachusetts, USA), 0.6 ul of 6.25 pmol of each primer (nadA for. 5> TGT TTT

TGA GAT CAG TTC GGT GTG 3’ and nadC rev. 5° CAT AAT CAA ACG GAG TAC
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GAT TAG 3°), 0.13 pl (0.625 units) Maxima Hot Start Tag DNA polymerase, 5 ul DNA

template and topped to 25 pl with nuclease-free water.

The reactions were run in an Eppendorf Mastercycler (Eppendorf, Hamburg, Germany) using
the following cycle parameters: initial denaturation at 94°C for 5 minutes, followed by 35
cycles of 30 seconds denaturation at 94°C, 30 seconds annealing at 55°C and 1 minute

elongation at 72°C. The amplicons were stored at -20°C for further use.

2.2.2.2 Nested PCR

This was run in a 25 pl reaction mixture containing 2.5 pul 10x Maxima Hot Start buffer
(Thermo Fisher Scientific, Massachusetts, USA), 4 ul of 1.25mM dNTPs (Life Technologies,
Carlsbad, California, USA), 2 ul of 2 mM MgCl, (Thermo Fisher Scientific, Massachusetts,
USA), 0.6 pl of 6.25 pmol of each primer (nadB for. 5> CAG TTC GGT GTG CTT TTG
GGT CTG 3’and nadD rev. 5 GAG TAC GAT TAG TCT CAC ACA GCA 3°),0.13 ul
(0.625 units) Maxima Hot Start Tag DNA polymerase, 2 ul DNA template and topped to

25 pl with nuclease-free water.

The reactions were run in an Eppendorf Mastercycler (Eppendorf, Hamburg, Germany) using
the following cycle parameters: initial denaturation at 94°C for 5 minutes, followed by 35
cycles of 30 seconds denaturation at 94°C, 30 seconds annealing at 55°C and 1 minute

elongation at 72°C. The amplicons were stored at -20°C for further use.
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2.2.2.3 Restriction fragment length polymorphism (RFLP)

The nested PCR product was digested with Hphl restriction enzyme in a 37 °C incubator for
~5 hrs. The reaction mixture contained 10 pl DNA, 18 ul nuclease-free water, 2 pl of 10x
Buffer B (Fermentas), and 0.5 pl Hphl (Life Technologies, Carlsbad, California, USA). After
digestion, 5-10 pl of the product was run in a 3% ethidium bromide-stained agarose gel.
Restriction fragment patterns distinguished between E. granulosus G1, E. equinus G4,

E. canadensis G6/7 complex, E. ortleppi G5 and E. felidis (92).

2.2.3 12S rRNA PCR

These PCRs were performed as described by Dinkel et al, 1998 and 2004 (89; 100), with

minor modifications, as follows.

2.2.3.1 Cestode-specific PCR (373 bp fragment)

This was run in a 25 pl reaction mixture containing 2.5 pl 10x Maxima Hot Start buffer
(Fermentas), 4 ul of 1.25mM dNTPs (Life Technologies, Carlsbad, California, USA), 2.5 ul
of 2 mM MgCl, (Life Technologies, Carlsbad, California, USA), 1 ul of 10 pmol of each
primer (P60.for. and P375.rev. (100)), 0.13 pl (0.625 units) Maxima Hot Start Tag DNA

polymerase, 5 ul DNA template and topped to 25 ul with nuclease-free water.

The reactions were run in an Eppendorf Mastercycler (Eppendorf, Hamburg, Germany) using
the following cycle parameters: initial denaturation at 94°C for 5 minutes, followed by 40
cycles of 30 seconds denaturation at 94°C, 1 minute annealing at 55°C and 30 seconds

elongation at 72°C. The amplicons were stored at -20°C for further use.
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2.2.3.2 PCR assay specific for E. granulosus G1-G3 (254 bp)

This was run in a 25 pl reaction mixture containing 2.5 pul 10x Maxima Hot Start buffer (Life
Technologies, Carlsbad, California, USA), 4 ul of 1.25mM dNTPs (Life Technologies,
Carlsbad, California, USA), 2.0 ul of 2 mM MgCl, (Life Technologies, Carlsbad, California,
USA), 1.25 ul of 12.5 pmol of each primer (E.g.ssl for. 5 GTA TTT TGT AAA GTT GTT
CTA 3’ and E.g.sslrev.5” CTA AAT CAC ATC ATC TTA CAA T 3°), 0.13 ul (0.625
units) Maxima Hot Start Tag DNA polymerase, 5 ul DNA template and topped to 25 ul with

nuclease-free water.

The reactions were run in an Eppendorf Mastercycler (Eppendorf, Hamburg, Germany) using
the following cycle parameters: initial denaturation at 94°C for 5 minutes, followed by 40
cycles of 30 seconds denaturation at 94°C, 1 minute annealing at 57°C and 40 seconds

elongation at 72°C. The amplicons were stored at -20°C for further use.

2.2.3.3 PCR assay specific for E. canadensis G6/7 and E. ortleppi (254 bp)

This was run in a 25 pl reaction mixture containing 2.5 pul 10x Maxima Hot Start buffer (Life
Technologies, Carlsbad, California, USA), 4 ul of 1.25mM dNTPs (Life Technologies,
Carlsbad, California, USA), 2.0 ul of 2 mM MgCl, (Life Technologies, Carlsbad, California,
USA), 1.25 ul of 12.5 pmol of each primer (E.g.cs1 for. 5> ATT TTT AAA ATG TTC GTC
CTG 3’ and E.g.csl rev. 5° CTA AAT AAT ATC ATA TTA CAA C 3’), 0.13 ul (0.625
units) Maxima Hot Start Tag DNA polymerase, 5 ul DNA template and topped to 25 ul with

nuclease-free water.
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The reactions were run in an Eppendorf Mastercycler (Eppendorf, Hamburg, Germany) using
the following cycle parameters: Initial denaturation at 94°C for 5 minutes, followed by 40
cycles of 30 seconds denaturation at 94°C, 1 minute annealing at 53°C and 40 seconds

elongation at 72°C. The amplicons were stored at -20°C for further use.

2.2.3.4 Semi-nested PCR (171 bp fragment)

To discriminate E. ortleppi (GS) from E. canadensis G6/7, a semi-nested PCR specific for
G6/7 or for E. ortleppi (G5) was used in the second step, each amplifying a different

fragment of 171 bp.

This was run in a 25 pl reaction mixture containing 2.5 pul 10x Maxima Hot Start buffer (Life
Technologies, Carlsbad, California, USA), 4 ul of 1.25mM dNTPs (Life Technologies,
Carlsbad, California, USA), 2.0 ul of 2 mM MgCl, (Life Technologies, Carlsbad, California,
USA), 1.25 ul of 12.5 pmol of each primer, 0.13 pul (0.625 units) Maxima Hot Start Tag DNA
polymerase, 2 ul DNA template and topped to 25 pl with nuclease-free water. For G6/7 PCR,
the primers E.g.camel.for. 5> ATG GTC CAC CTA TTA TTT CA 3’ and E.g.cs1 rev (as
above) were used; and for E. ortleppi (G5 PCR), the primers E.g.cattle.for. 5> ATG GTC

CACCTA TTA TTT TG 3’ and E.g.cslrev (as above) were used.

The reactions were run in an Eppendorf Mastercycler (Eppendorf, Hamburg, Germany) using
the following cycle parameters: Initial denaturation at 94°C for 5 minutes, followed by 30
cycles of 30 seconds denaturation at 94°C, 1 minute annealing at 60°C and 30 seconds

elongation at 72°C. The amplicons were stored at -20°C for further use.
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2.2.4 Gel electrophoresis

All PCR products (except digested RFLP products) were resolved on a 1.5% agarose gel
stained with 10 mg/ml ethidium bromide. The RFLP products were resolved on a 3% agarose
gel stained with ethidium bromide. The gels were made by adding either 0.45 g (1.5%) or

0.9 g (3%) of agarose to 30 ml 1x TAE buffer (Appendix J). This was dissolved in a
microwave oven by heating for 1 minute. After cooling, 1.5 ul of ethidium bromide was

added and the solution was poured into the gel-setting chamber to set for ~45 minutes.

Five microlitres (10 pl for RFLP) of product and 1 ul of 6x DNA loading dye (Life
Technologies, Carlsbad, California, USA) were mixed and loaded into the gel wells. Four
microlitres of a 100 bp Gene ruler (Life Technologies, Carlsbad, California, USA) were
added to the first well of the gel. The samples were run at 100 volts for 15 to 30 minutes and
the gel was viewed with an ultraviolet transilluminator (GelDoc, Vacutec, Johannesburg,
South Africa) to confirm the presence of an amplicon. All samples were run with a known
positive control (kindly donated by the Department of Parasitology, Hohenheim University,

Germany).

2.2.5 Sequencing of PCR products

A representative number of samples and/or any samples that were not conclusively genotyped
by the PCR/RFLP methods were sent for purification and sequencing of PCR products
(Ingaba Biotechnical Industries, Pretoria, South Africa). In summary, the PCR products were
purified using a sequencing clean-up kit (Zymo Research, Irvine, California, USA) following
manufacturer’s instructions (Appendix M). The sequencing reactions were performed using

Big-Dye ver3.1 (Life Technologies, Carlsbad, California, USA) according to manufactures
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instructions (Appendix N). The cost and time-saving benefits of sending samples away for
sequencing outweighed that of purchasing the purification and sequencing kits and running

them in PRL. Our laboratory also does not have a Big-Dye terminator machine.

2.3 Microscopic diagnosis

To microscopically check fertility status of cysts, the hydatid fluid was centrifuged at

3000 rpm (Hettich universal centrifuge, Germany) for 5 minutes; then the supernatant was
poured out and a wet preparation was made from the sediment. The slides were viewed at
100x and 400 x magnifications using a light microscope. The cysts that contained hydatid

hooks and/or protoscolices were regarded as fertile, and all others were considered infertile.

2.4 Data analysis

2.4.1 Alignment and editing of sequences
The sequences were analyzed with the BioEdit sequence alignment editor (107), before

comparing them to other sequences available on GenBank.

2.4.2 NCBI-BLAST
All sequences were compared to published sequences in GenBank using the NCBI-BLAST

software (http://www.ncbi.nlm.nih.gov/blast/Blast.cgi).

2.4.3 Statistical analysis
Data analysis was performed using GraphPad (GraphPad Software Inc., San Diego,
California, USA). Two-tailed Fisher’s exact test was used, and results were considered

statistically significant if p < 0.05.
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2.5 Ethical clearance

» Ethical approval for the larger collaborative study was granted by the University of
the Witwatersrand Human Research Ethics Committee, clearance # M 10719

(Appendix D).

» Ethical approval for the collection of routine patient samples for this study was
granted by the University of the Witwatersrand Human Research Ethics Committee,

clearance # M 110805 (Appendix E).

» The University of the Witwatersrand Animal Ethics Screening Committee ruled that
no ethical clearance was needed for the use of animal cyst samples from abattoirs

(Appendix F).
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CHAPTER 3 - RESULTS

3.1 Patient recruitment and sample collection

A total of 36 samples from 33 CE patients was obtained between August 2010 and November
2012. Three patients had multiple cysts that were treated as separate cases, as the possibility
of different genotypes co-habiting in the same patient could not be overlooked; thus, sample
numbers were slightly higher than the total number of patients (Table 3.1). Seven (19%)
samples were collected from the academic hospitals’ collaborative study, nine through the

NHLS LIS (25%) and 20 (56%) from the Eastern Cape Province hospitals (Figure 3.1).

The recruitment of animal samples from abattoirs was unsuccessful. Although the main
company (IMQAS, Pretoria, South Africa) subcontracted to perform meat inspections on
behalf of the Department of Agriculture, Forestries and Fisheries, was contacted and did their
best to spread the message to its inspectors, only one lung cyst from a cow was eventually
received. Most of the other smaller abattoirs that we contacted reported that CE samples were
either very rare or even unheard of at their facilities. This one cow sample is not included in

the analysis of human samples (unless specified) and is discussed separately.
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Table 3.1 Organ involvement by hydatid cysts

Organ Number of cases
Lung 14
Right middle lobe 1
Upper lobe 1
Lung, not defined 12
Liver 12
Pelvis 1
Deep lobe of parotid 1
Abdomen 1
Brain 1
Unknown 6
Total infected organs 36%*

"The total number of samples exceed the number of patients (n = 33) due to three
patients presenting with multiple cysts that were treated as separate cases. Two
patients had multiple organ involvement (liver and pelvis, and, lung and liver,
respectively). The third patient had two separate cysts from the liver.
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Sample collection

B EC surgeon
B NHLS LIS
M Collaborative study

Figure 3.1 Provenance of hydatid cyst samples recruited from 3 provinces, South Africa,
2010-2012 (n = 36). NHLS LIS: National Health Laboratory Service laboratory information
system; EC: Eastern Cape Province.

3.2 Organ involvement

The highest number of cysts was localized in the lungs (39%), followed by the liver (33%),
with less commonly affected sites being the pelvis, abdomen, parotid gland and brain

(collectively 11%) (Figure 3.2). No information was available for six (17%) cases.

Organinvolvement

Unknown

Parotid
Abdomen

Pelvis

Figure 3.2 Organ distribution of cyst localization. Unknown: Information on affected organs
not available.
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3.3 Influence of genotype on cyst localization

Of the 36 samples, 32 (89%) were successfully genotyped by PCR and/or sequencing. For 27
of these cases (84%), information on both the genotype and organ localization was available.
When looking at cases with pulmonary or hepatic involvement only (n = 23), there were
slightly more cases of pulmonary disease (n = 14) than of hepatic disease (n = 9) (Figure 3.3).
E. granulosus G1 made up a higher proportion of the liver than of the lung cysts. However,
the association between the G1 and G6/7 genotypes and any organ of cyst localization was

not significant (p > 0.05).
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Figure 3.3 Comparison of Echinococcus genotypes by number and organ localization of the
cyst (n=27).

3.4 Genotype distribution by province

The overall distribution of genotypes in humans showed that G1 was the predominant

genotype in the studied areas (26/32; 81%) followed by E. canadensis G6/7 (5/32; 16%) and
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E. ortleppi (1/32; 3%). Samples were only received from three provinces, mostly Eastern
Cape Province, followed by Gauteng and Free State provinces (Figure 3.4). The association
between the prevalence of genotypes (G1 vs. G6/7) and province (EC vs. GP) was considered

to be statistically significant (p = 0.03).
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Province of residence of patients

Figure 3.4 The frequency distribution of Echinococcus genotypes by province, South Africa

(n = 32). EC: Eastern Cape Province; GP: Gauteng Province; FS: Free State Province.

3.5 DNA extraction, PCR and product sequencing

3.5.1 DNA extraction

Seven formalin-fixed samples were received. All these samples failed to amplify a 1073-
1078 bp fragment on nadl PCR/RFLP method, but three of the samples eventually amplified
successfully after removal of formalin by repeatedly washing the sample with PBS,

centrifuging and discarding the supernatant, followed by rehydration in 70% ethanol. The
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DNA was then re-extracted from the sample and successfully amplified by a 12S rRNA PCR

that targets a 254 bp fragment.

The remaining four samples failed to amplify this way, and also did not amplify when
prolonging incubation of the lysis/digestion step. A few published methods on extraction of
DNA from formalin-fixed samples also failed PCR (108;109). The samples were also sent to

Ingaba Biotechnical Industries for DNA extraction and amplification, with no success.

3.5.2 nadl PCR/ RFLP

Eleven samples were processed using the nadl PCR/FRLP, and nine (82%) samples were
successfully genotyped (Figure 3.6). Of these, five samples were genotyped as E. granulosus
(G1), three as E. canadensis (G6/7) and one as E. ortleppi. (Figure 3.5). The single sample

from a cow was also genotyped as E. ortleppi by this PCR method.

<«— 5000 bp
<+— 2000 bp

<« 850bp

<«— 400 bp

<+— 200 bp

Figure 3.5 RFLP gel image showing examples of the nadl gene digested with restriction
enzyme Hphl. Patient samples: 1, E. canadensis G6/7%; 3, E. ortleppi; 5, E. granulosus sensu
stricto®**. Positive controls: 2, E. canadensis G6/7 positive control; 4 & 6, E. granulosus
sensu stricto positive control; M, 5000 bp size marker.

*RFLP not able to differentiate G6 from G7 genotypes; **includes E. granulosus genotypes
G1-G3, but G1 confirmed by sequencing.
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The other two samples (MB and MT) that did not amplify by this method targeting a 1073-

1078 bp fragment were later confirmed as G1 and G6/7 genotypes respectively, using a 12S

rRNA PCR method.
nadl PCR =11
Negative/non-amplified = 2 Positive =9
12S rRNA PCR
G1 PCR positive = 1 G6/7 PCR positive = 1 RFLP analysis

Diagnosis: E. granulosus G1 E. canadensis G6/7  E. gra* G1 E. ort** E. can® G6/7

Figure 3.6 Flow diagram summarizing nad! PCR/RFLP results.
*E. granulosus; **E. ortleppi, ¥E. canadensis.

3.5.3 12S rRNA PCR

A total of 27 samples (including samples that failed to amplify with nadl PCR) was run using
the 12S rRNA method (Figure 3.7). All samples were first run with the G1 PCR, due to the
high prevalence of this genotype (Figure 3.8). Twenty-one samples (78%) were confirmed as
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G1, and the remaining six G1-negative samples were run on a PCR specific for G5/6/7

genotypes. Two samples were successfully genotyped as G6/7, with the other four samples

failing to amplify. The latter samples were the same samples reported in section 3.5.1, which

were degraded by formalin.

G1 PCR (E.gsslfor./ E.g.sslrev.) =27

| l

Negative = 6 Positive = 21

l

Identification as E. granulosus G1

G5/6/7 PCR (E.g.cs1for./ E.g.cs1rev)

Negative = 4 Positive = 2
G5 PCR G6/7 PCR
Positive = 0 Positive = 2
Diagnosis: E. canadensis G6/7

Figure 3.7 Flow diagram summarizing 12S rRNA PCR results.
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FZ 11-67 M] LM 3
G1 PCR 08. April. 2011

Figure 3.8 Gel electrophoresis showing an example of E. granulosus (G1) specific PCR that
targets a 254 bp 12S rRNA fragment. FZ, E. granulosus (G1); 11-67, E. granulosus (G1);
MJ, negative; LM, E. granulosus (G1); 3, E. granulosus G1 positive control; SZ, negative;

NC, negative control; Marker, 5000 bp DNA marker.

3.5.4 Sequencing of PCR products

A total of ten samples was sent for sequencing and all PCR results were confirmed

(Table 3.2). Five samples belonged to E. granulosus G1 genotype, four to E. canadensis
(G6/7) and one to E. ortleppi (G5) (Appendix O and P). Of the four G6/7 genotypes, two
samples were genotyped as G7 (GenBank accession number: AY462128.1) and the other two
samples (SZ and MR) could not be assigned to either G6 or G7, as the NCBI-BLAST search
found similar sequence homology to both genotypes (GenBank accession numbers
AB235847.1 and AB208063.1). These two samples’ genotypes were thus designated as

E. canadensis (G6/7).
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Table 3.2 Comparison of PCR and sequencing results
*E. ortleppi (G5) not conclusive by PCR; **Sequences regarded as E. canadensis G6/7 as
they showed 99% homology to both G6 and G7 genotypes.

Maxi
PCR Sequencing aximum GenBank sequence
# Sample sequence .
results results accession number
identity
1 | AP Gl Gl 100% EF367308.1
2 |BJ G6/7 G7 98% AY462128.1
3 |JB Gl Gl 94% HM988991.1
4 | LMaxl1 Gl Gl 100% HM988991.1
5 |MJ G57* G5 99% AB235846.1
6 |MT G6/7 G7 100% AY462128.1
7 SA Gl Gl 99% EF367308.1
8 SZ G6/7 GO/ 7** 99% AB235847.1 and
AB208063.1
9 | MR G6/7 GO/T** 99% AB235847.1 and
AB208063.1
10 | NT Gl Gl 100% EF367302.1

3.6 Microscopic diagnosis

3.6.1 Fertility status of cysts

The majority of cyst samples analyzed were fertile (75%), as demonstrated by the presence of

hydatid hooklets and/or protoscolices (Table 3.3). Most cysts from the G1 genotype group
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(73%) were fertile and only a few were infertile (27%). All cyst samples with the G6/7

genotype were also fertile. The single E. ortleppi sample was infertile. There was no

significant association between genotype and fertility of cysts when comparing the G1 and

G6/7 (p = 0.6) or the G1 and G5 genotypes (p = 0.3).

Table 3.3 Fertility status of Echinococcus genotypes

Genotype Fertile (%) Infertile (%) Total
Gl 19 (73) 7.(27) 26
G6/7 5 (100) 0 5
G5 0 1 (100) 1
Total 24 (75) 8 (25) 32

3.6.2 Viability investigation

A total of 20 human samples was received from the Eastern Cape for the cyst viability study,

and of these, 15 (75%) were fertile, with three samples found fertile and viable.

3.6.3 Cattle isolate

The single cyst obtained from a cow in Gauteng Province was identified as E. ortleppi

(confirmed by sequencing). It was pulmonary in origin and also fertile and viable

(Figure 3.9).
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Hydatid
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Calcareous
corpuscles

Figure 3.9 Microscopic image of viable Echinococcus ortleppi protoscolices from a cow

sample (400 x magnification).
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CHAPTER 4 - DISCUSSION

Cystic echinococcosis is a zoonosis of veterinary and public health importance. Insufficient
attention has been given to the socio-economic and public health impact of CE; however, the
World Health Organization (WHO) has recognized this disease as one of the Neglected
Zoonosis subgroups for its 2008 to 2015 strategic plan for the control of neglected tropical

diseases (NTDs) (32;110;111).

The most important advance in the control of CE is the use of molecular epidemiological
methods as it allows public health officials and policy makers to design interventions that are
appropriate for the type of Echinococcus strains circulating in a particular geographic area.
Historically, control measures such as the timing of dog deworming programs have been
standardized worldwide, but some species/genotypes have a shorter maturation period than
the common sheep strain, thus rendering such deworming programs inadequate for non-

E. granulosus species/genotypes (10;16;18;24;85). It was also shown that vaccines used to
control the spread of the infection were designed on the presumption of the sheep strain (G1)
being the primary cause of CE, and that such vaccines were ineffective against E. canadensis

(G6/7 strains) (68;112).

To our knowledge, this is the first molecular epidemiological report on Echinococcus
genotypes in South Africa, as available published data is only on clinical case studies (104).
The research will hopefully serve to ignite interest on this neglected zoonotic disease in the
country and to help to better understand lifecycles implicated in transmission of the infection
to humans, in order to enable public health policy makers to design more targeted control

programs.
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4.1 GENOTYPE CHARACTERISTICS

In 2005, there were about 13.8 million cattle, 25.3 million sheep, 6.4 million goats and 1.7
million pigs in South Africa; and agriculture accounted for 3.2% of GDP and 7% of exports

(113).

4.1.1 E. granulosus (G1)

The most frequent genotype found in our study was the common sheep strain, Echinococcus
granulosus (G1). The predominance of this strain was unsurprising as it is the most common
genotype worldwide (8;39;73-75). Sheep are thus presumably the main likely intermediate
reservoirs of the infection in the country, although other intermediate hosts such as cattle,

goats and camels can also harbour (albeit poorly) the G1 genotype (Figure 1.6).

4.1.2 E. canadensis (G6/7)

Five samples were genotyped as E. canadensis (G6/7). Two of them were homologous to the
G7 strain. The failure to identify the other isolates as either G6 or G7 by DNA sequencing
highlights the extent to which these two genotypes are closely related, and might in future not

even warrant distinction (114;115).

The G6 genotype has previously been reported elsewhere in Africa (7;27;89;116), and is
known to primarily use camels as intermediate hosts. Although camels are not utilized as
livestock in South Africa, there are other intermediate hosts (mainly goats) that are known to
be well adapted to the camel strain and are the most likely candidates as intermediate hosts
for this genotype in the country. The presence of G6 in goats was recently described from

southern Kenya, where camels are also absent (117).
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The presence of the pig strain (G7) was unexpected, because as reflected by the literature
reviewed, this genotype has not previously been reported from a human patient in Africa.
Although literature reports show that human infectivity of this genotype was initially in
doubt, it was later shown to be infective to humans and has been found in Europe, Asia,
South America and Australia (8;16;25;28;90;118). The strain appears to be well adapted to
pigs as intermediate hosts, but is also widespread in goats, e.g. in Greece (5;8;18;119). The
relatively large number of pigs present in South Africa (~1.7 million) could possibly explain
the presence of this strain, and a previous study at abattoirs around the country found pigs
frequently affected by CE, further supporting their role in transmission of the disease (102).
However, a study conducted in eastern Africa using samples of human, camel, cattle, sheep,

goat and pig origin only detected G1, G6 and E. ortleppi but not the G7 strain (89).

4.1.3 E. ortleppi

There was only one human sample from the 32 study samples (3%) that was genotyped as

E. ortleppi; the other E. ortleppi sample was from a cow. The isolation of this species from a
human patient was quite interesting, since E. ortleppi is thought to have low pathogenicity for
humans (8). Although first described in South Africa (81), only two instances of human
infection could be found in the reviewed literature, namely, in Holland and Brazil (8;83;86).
Therefore, our first record of this species in a human patient in Africa further supports the
zoonotic potential of this species. The finding that the one human E. ortleppi species in the
study was infertile (no hooks or protoscolices) strengthens the observation regarding its poor

infectivity to humans.
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A review by Thompson et al (1984) found that cysts of E. ortleppi were often infertile in
cattle from Egypt, Italy, Argentina, Great Britain, Kenya, Nigeria, Iraq, Chile, Australia and
Bangladesh, with fertility rates ranging from less than 1% to 15% (10). However, a few
countries were reported to have high fertility rates, such as South Africa (96.8%), Belgium
(94.2%) and Sri Lanka (79%) (10). Another study in Sudan also found that cysts collected
from cattle and camels were much more likely to be fertile than those from sheep (35).
Unsurprisingly, the cow sample in our study was also fertile and viable. The genotyped

E. ortleppi human sample, as well as this abattoir sample from a cow, were both from
Gauteng Province, showing to some extent that cattle play a role as reservoirs for human

infection.

4.14 E. equinus

E. equinus was not found in this study, supporting reports that the species is not infective to

humans (1;85). E. equinus species is, however, known to occur in equines in South Africa

(8).

4.2 Genotype vs. organ of cyst localization

Although the liver has been infected in up to 70% of all CE cases, and the lungs account for
around 20% of cases (12;33), we did not find any significant association between cyst
localization and either of the two organs when comparing the G1 and G6/7 genotypes; the
lungs were actually slightly more frequently affected than the liver. The G6/7 genotypes and
E. ortleppi were also both mainly isolated from the lungs, supporting reports from other parts
of the world, which tentatively associate E. canadensis with a predominance of pulmonary

CE. It is also interesting to observe that research conducted in South Africa by Verster et al
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(1966) also found that the lungs of cattle were the main organs affected by CE (102). The
findings are however not conclusive, due to a small sample size, but the general inference
from our data is that the cyst localization in the liver is not more predominant than the lungs

in South Africa, and that the inverse might hold true.

Our retrospective study of case records from three academic hospitals in Gauteng Province
found that pulmonary disease accounted for 64% of cases, with the liver only at 9% (104),
but the patient selection was somewhat biased towards those treated in a pulmonary medicine
department. This retrospective study hypothesized that genotypes involved in South Africa
possibly played a role in influencing these unusual cyst localizations (104), but that

hypothesis is clearly not supported by genotype results in this research.

These unexpected findings are difficult to interpret; it is not clear whether there are variants
of Echinococcus genotypes in South Africa that exhibit different developmental
characteristics in intermediate hosts or whether lung surgery is just more common than liver
surgery. Arising from discussions with some of the surgeons involved in our study, the
hypothesis is that surgeons are probably more comfortable performing lung surgical
operations, with liver CE more likely to be treated by non-invasive methods, but this has not
been investigated scientifically. The possible influence of HIV and cellular immunity status
on the manifestation of the disease should also be investigated (120), to hopefully provide
more insights on other epidemiological factors responsible for the biological characteristics

of hydatid cysts in South African patients.
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4.3 Genotype distribution by province

Samples were predominantly received from the Eastern Cape Province, with very few
received from the other two contributing provinces. There was a statistically significant
association found between genotypes G1 and G6/7 on prevalence per province, suggesting
that G1 was more likely to be found in the Eastern Cape and G6/7 in Gauteng Province.
However, this conclusion should be interpreted cautiously due to a small sample size. There
was only one sample from the Free State Province and as such, it was not included in the

statistical analysis.

4.4 Diagnostic methods

4.4.1 Microscopy

The majority of cyst samples received was fertile (75%), with E. granulosus (G1) having a
high fertility rate of 73% and all E. canadensis (G6/7) samples fertile. The genotypes for the
latter species were analyzed together instead of separately as G6 and G7, as they belong to

the same species, and also because of a small sample size.

The fertility status of cysts from intermediate hosts can be an indicator of the epidemiological
role that such intermediate hosts play in the perpetuation of the lifecycle (10), and the high
fertility rates in our study shows the infectivity potential of these genotypes in the
transmission of infection. Humans are, however, the dead-end for the lifecycle as definitive

hosts have to feed on raw infected offal to contract the infection.
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4.4.2 Comparison of nadl PCR/RFLP to 12S rRNA PCR method

The nadl PCR/RFLP method was found to be useful as it involved fewer PCR steps when
compared to the 12S rRNA method, thus leading to a more rapid result and limiting chances
for contamination. The method also had the advantages of being able to genotype all known
genotypes known to occur in Africa, and to differentiate E. granulosus sensu stricto (G1-G3)
from a closely related species, E. felidis, whereas the 12S rRNA was unable to differentiate

the two species (92).

The major shortcoming with this nad! PCR/RFLP method for our study design was that we
had no control over the sample condition upon receipt. Some samples received were
preserved in formalin, which is known to degrade DNA (28), thus making amplification of a
1073-1078 bp nadl gene difficult. Three formalin-fixed study samples (MB, 1-67 and MT)
failed to amplify by nadl PCR, but were successfully genotyped as E. granulosus G1 (MB
and 1-67) and E. canadensis G6/7 by the 12S rRNA method that targets a shorter DNA

fragment of 254 bp.

The other shortcoming for both methods was the inability to differentiate closely-related
genotypes of E. granulosus sensu stricto (G1, G2 and G3), and the G6 and G7 E. canadensis
genotypes. However, all E. granulosus sensu stricto samples that were sent for sequencing
were confirmed as the common sheep strain, E. granulosus G1. Although this result was
unsurprising as genotype G2 (Tasmanian sheep strain) is only known to occur in Australia
and Argentina and the G3 genotype (buffalo strain) is not known to infect humans, the

unexpected genotypes found in our study that were previously either not known to occur in
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Africa (G7 genotype) or for which only two other human infection had previously been
reported (E. ortleppi), suggests that South Africa has a variety of genotypes. It is important to
always confirm random PCR results by sequencing until nationwide, long-term molecular
epidemiological work has been done to conclusively characterize all genotypes from the nine

South African provinces.
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CHAPTER S - CONCLUSIONS

For the first time in South Africa, we successfully shed light on, and further characterized, the
diversity of Echinococcus genotypes responsible for cystic echinococcosis in the country.
This is one of the largest case series ever undertaken on CE from an African country, second

only to studies in Kenya (105).

The G1 strain (sheep strain) was the commonly isolated genotype that may be responsible for
the majority of human disease in the country, a finding which is consistent with the trends
reported in most parts of the world. The majority of cyst samples belonging to this genotype
were also fertile, demonstrating its high pathogenicity to humans. Our first records of

E. canadensis G7 (pig strain) and E. ortleppi (cattle strain) in humans are interesting and are

also cause for concern.

The presence of these species has potentially serious control implications, since the timing of
dog deworming programs worldwide is primarily based on the (long) prepatency period of
the sheep strain (G1) in dogs. It has been reported that other genotypes reach patency much
faster in the definitive hosts (5), thus potentially rendering control measures inefficient in

areas where non-G1 strains circulate.

Although there is no systematic dog deworming program in South Africa, it is still important
that any future control program should be administered with the knowledge of genotypes
prevalent in a given area. In addition to this, the recognition of lifecycles will be important to

control transmission of CE. Based on the first insights gained during this study, transmission
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in the Eastern Cape might be rooted in a sheep-dog cycle, which is the basic lifecycle of

E. granulosus G1. In contrast, the situation is likely to be more complex in Gauteng Province,
where, apart from sheep, it certainly also involves goats and cattle, which are the most likely
intermediate hosts for E. canadensis and E. ortleppi. Additional molecular surveys which
include the collection of isolates from livestock, and covering other provinces of South

Africa, are required.

The South African health system is under serious strain due to the high burden of HIV/AIDS
and TB, with most of the priority of policy makers focusing on these immediate public health
threats. However, there is no doubt that a lot more needs to be done to accurately estimate the
prevalence of CE in the country, and to accordingly introduce appropriate deworming and
educational programs as part of broader efforts to improve public health and in order to align

with the WHO 2008 to 2015 strategic plan to control NTDs.

The study had some limitations, the most obvious being a small absolute number of samples
received. Thus, some conclusions should be treated cautiously as wider, ongoing molecular
epidemiological work is needed for a more comprehensive epidemiological picture on the

South African situation.

The geographic areas covered were also not representative of the entire country, as samples
were only received from three of the nine provinces. It is however, known from our previous
retrospective study that CE is present across most parts of the country, with an estimation of
at least 137 patients per year presenting with the disease (104). Another limitation was that

although some patients from Gauteng Province had resided there for a long time, most were
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originally from the Eastern Cape Province, confounding the designation of likely geographic

site of infection.

The study however, successfully attained its primary objective of characterizing genotypes
prevalent in the country and the sample size was also substantial relative to other publications
relating to samples collected from humans. The study will hopefully serve as a good
foundation for any prospective molecular epidemiological work that might follow in the

future.
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CHAPTER 6 - RECOMMENDED FUTURE WORK

There are a number of reasons that make a strong case for continual epidemiological work on
cystic echinococcosis in South Africa. It is a well-known fact that most South African
cultures practice informal slaughtering, where offal is often fed to free-roaming dogs. Most
households in South African townships are not properly fenced to control movement of dogs,

and these factors are the hallmarks for how transmission is facilitated in communities.

It will also be interesting to establish if future, larger studies will be able to replicate the
findings from this study and if more genotypes can be identified. Future studies should also
ideally involve collaborative work between clinicians, veterinarians and laboratory scientists
to hopefully perform large-scale community screening by ultrasound, particularly in high risk
provinces like the Eastern Cape and to collect more samples from both humans and animals
in order to reach more definitive conclusions about genotypes and intermediate animal hosts
that serve as reservoirs for the infection. The finding of the strain that has so far only been
reported to occur in the wild transmission cycles in Africa, E. felidis, also warrants vigilant
monitoring as its infectivity to humans has not been excluded and it is not known how

pathogenic it is, should human infection be possible.
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Appendix A - Informed consent form

Informed Consent

Study:
A Prospective Study into the Epidemiology and Clinical Aspects of Cystic
Echinococcosis in South Africa (ECHISA-V2)

Institution: Faculty of Health, University of Witwatersrand, Johannesburg

| hereby confirm, that | have been informed by ...
about the nature, conduct, benefits and risks of the clinical study ,Prospective Study
into the Epidemiology and Clinical Aspects of Cystic Echinococcosis in South Africa®.

| have also received, read and understood the written information document
(Participant Information) regarding the study.

| am aware that the results of the study, including personal details regarding my sex,
age, date of birth, initials and diagnosis will be anonymously processed into a study
report and published in a medical journal.

In view of the requirements of research, | agree that the data collected during this
study can be processed in a computerised system.

| may, at any stage, without prejudice, withdraw my consent and participation in the

study.

| have had sufficient opportunity to ask questions and (of my own free will) declare
myself prepared to participate in the study.

Participant (>18 years)/legal guardian:

Printed Name Signature/Mark or Thumbprint Date and Time

|y e , herewith confirm that the above participant has been fully
informed about the nature, conduct and risks of the above study

Study doctor:

Printed Name Signature Date and Time
Translator/Other person explaining informed consent.............ccccoceeeeee.. (Designation)
Printed Name Signature Date and Time
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In cases of routine medical care involves surgery:

IO confirm, that | have read and understood the information document
about collection and slorage of parasite material removed during surgery. | had the
opportunity to ask questions and they have been answered.

| agree out of free will to collection of parasite material during surgery.

| agree out of free will to the storage of this material and analysis at a later stage.

Participant/Legal Guardian:

Printed Name Signature Date and Time
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Appendix B - Assent form

Assent Form
(if participant is <18 years of age)

Study:
A Prospective Study into the Epidemiology and Clinical Aspects of Cystic
Echinococcosis in South Africa (ECHISA-V2)

Institution: Faculty of Health, University of Witwatersrand, Johannesburg

| hereby confirm, that | have been informed by..........cooiii
about the nature, conduct, benefits and risks of the clinical study ,Prospective Study
into the Epidemiology and Clinical Aspects of Cystic Echinococcosis in South Africa“.

| have also received, read and understood the written information document
(Participant Information) regarding the study.

| am aware that the results of the study, including personal details regarding my sex,
age, date of birth, initials and diagnosis will be anonymously processed into a study
report and published in a medical journal.

In view of the requirements of research, | agree that the data collected during this
study can be processed in a computerised system.

| may, at any stage, without prejudice, withdraw my consent and participation in the

study.

| have had sufficient opportunity to ask questions and (of my own free will) declare
myself prepared to participate in the study.

Participant (<18 years):

Printed Name Signature/Mark or Thumbprint Date and Time

U , herewith confirm that the above participant has been fully
informed about the nature, conduct and risks of the above study

Study doctor:

Printed Name Signature Date and Time

Translator/Other person explaining informed consent..........ccccccecvnnnenen. (Designation)
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Printed Name Signature Date and Time

In cases of routine medical care involves surgery:

| AR confirm, that | have read and understood the information document
about collection and storage of parasite material removed during surgery. | had the
opportunity to ask questions and they have been answered.

| agree out of free will to collection of parasite material during surgery.

| agree out of free will to the storage of this material and analysis at a later stage.

Participant:

Printed Name Signature Date and Time
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Appendix C - Patient questionnaire form

A Prospective Study into the Epidemiology and Clinical Aspects of Cystic Echinococcosis in South Africa

(ECHISA-V2)
Data Capture Sheet

Patient-ID

1. Demographic Data:

Age: Sex: [| female [] male
Place of Birth Place of Residence
Occupation:

Farming Activities: [] unknown

Contact to dogs: [] unknown

pet dog, mainly in the house:

watch dog, mainly outside [ yes

regular deworming

free-roaming dog O yes
Livestock: [] unknown
Homeslaughtering: ] unknown
Family members with hydatid disease:  [] unknown [dno

Additional Information:
2. Clinical Data:

a. At Diagnosis

[Ono

O yes, state what kind

[Ono

O yes

[ yes O no
O no

[Jves [Ono
[ no

[Ono

[ cattle

[ sheep

[ goats

[] other, please specify:
O no

[ yes

[] raw offal offered to dogs

[ yes
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Organs involved:

No of cysts:

Size of cysts:
Presenting Symptoms:
Complications of Cyst:

Imaging technigue used:

Serology:

HIV

TB

HBV

Other diseases
Additional Comments:
b. Treatment:

Treatment:

Complications of Treatment:

|:| lung

cm

[]CXR

[] Ultrasound

|:| unknown

[] unknown

D unknown

CDM4-cellcount

[ current

On Tx?

Regimen

|:| unknown

[] unknown

[] PAIR

[] Albendazole

1 none

[] unknown

Ocr

[Jno

[ tiver

[ other, state which

[] other

[] positive, Titre:

[ negative
[Ono
[ yes
On ARVs
Regimen

[ in past

Cno
[l yes

[1 Surgery

State Procedure:

] yes, please state which:
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Additional comments:
¢. Follow-up and Course of Disease:

Follow-up available:

Follow-up 1

Course of disease

Additional comments:
Follow-up 2

Course of disease

Additional comments:
Follow-up 3

Course of disease

Additional comments:
Follow-up 4

Course of disease

Additional comments:

3. PCR:

Strain isolated:

[ no
O yes
Months after initial diagnosis:
[ cure
[] progress
[ relapse

Months after initial diagnosis:
[ cure
[] progress

Ore lapse

Months after imitial diagnosis:
[] cure
[ progress

[Jre lapse

Months after initial diagnosis:
[ cure
[ progress

[] relapse

[] available

[] not available
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Appendix D - Ethics clearance certificate for the collaborative study.

UNIVERSITY OF THE WITWATERSRAND, JOHANNESBURG
Division of the Deputy Registrar (Research)

HUMAN RESEARCH ETHICS COMMITTEE (MEDICAL)
R14/49 Dr Colin Menezes

CLEARANCE CERTIFICATE M10719

PROJECT A Prospective Study into the Epidemiology
and Clinical Cystic Echinococcosis in South
Africa

INVESTIGATORS Dr Colin Menezes.

DEPARTMENT Internal Medicine/Infectious Disease

DATE CONSIDERED 30/07/2010

DECISION OF THE COMMITTEE* Approved unconditionally

Unless otherwise specified this ethical clearance is valid for 5 years and may be renewed upon

DATE 16/08/2010 CHAIRPERSON ........... =l A
(Professor PE Cleaton-Jones)

*Guidelines for written ‘informed consent” attached where applicable

cc: Supervisor : Prof M Grobusch

DECLARATION OF INVESTIGATOR(S)

To be completed in duplicate and ONE COPY returned to the Secretary at Room 10004, 10th Floor,
Senate House, University.

I/We fully understand the conditions under which I am/we are authorized to carry out the abovementioned

research and I/we guarantee to ensure compliance with these conditions. Should any departure to be
contemplated from the research procedure as approved I/we undertake to resubmit the protocol to the

Committee. I agree to a completion of a yearly progress report.
PLEASE QUOTE THE PROTOCOL NUMBER IN ALL ENQUIRIES...
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Appendix E - Ethics clearance certificate for this M.Sc. project

UNIVERSITY OF THE WITWATERSRAND, JOHANNESBURG
Division of the Deputy Registrar (Research)

HUMAN RESEARCH ETHICS COMMITTEE (MEDICALY}
R14/48 Mt Kgaile Benjamin Mogoye

CLEARANCE CERTIFICATE M110805

PROJECT Human cystic Echinococceosis in South Africa
INVESTIGATORS Mr Kgaile Benjamin Mogoye.
DEPARTMENT Division of Virology/School of Pathology
DATE CONSIDERED 26/08/2011

M1108056DECISION OF THE COMMITTEE* Approved unconditionally

Unless otherwise specified this ethical clearance is valid for 5 years and may be renewed upon
application.

i

b

)
oy
ARG AF Y 2
ATE 07/10/2011 CHAIRPERSON [[«Cﬁ&éféﬂ’uf
(Professor PE Cleaton-Jones)

*Guidelines for written ‘informed consent’ attached where applicable
c¢: Supervisor ; Professor John Frean

DECLARATION OF INVESTIGATOR(S)

To be completed in duplicate and ONE COPY returned to the Secretary ai Room 10004, 10th Floor,
Scnate House, University.

/We fully understand the conditions under which I am/we are authorized to carry out the abovementioned

rescarch and I/we guarantee to ensure compliance with these conditions. Should any departure to be
contemplated from the research procedure as approved I/we undertake to resubmit the protocol {o the

Committce. Lagree to a completion of a yearly progress report.
PLEASE QUOTE THE PROTOCOL NUMBER IN ALL ENQUIRIES...
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Appendix F - Correspondence with Animal Ethics Screening Committee

From: Gavin Norton [Gavin.Norton @wits.ac.za|
Sent: 03 03 2011 08:33 AM

To: Benjamin Mogoye

Cec: Tain Burns

Subject: RE: Request to use animal samples

Dear Benjamin,

Thank you for sending us this letter. The Animal Ethics Screening Committee appreciates you
keeping us informed of work performed on animal samples. As this is work where tissue samples
will be obtained from animals killed at an abattoir and hence, these animals are not killed for
the purposes of the study, you do not require animal ethics clearance for this study.

Best wishes,

Gavin Norton (Chair, Animal Ethics Screening Committee, University of the Witwatersrand)

From: Benjamin Mogoye [mailto:kgailem@nicd.ac.za]
Sent: 02 March 2011 04:24 PM

To: Gavin Norton

Cc: Iain Burns

Subject: Request to use animal samples

Dear Prof,

As advised earlier, kindly receive the attached letter in request for use of animal tissue for
research purposes.

Kind regards,

Benjamin Mogoye

Medical Scientist

Parasitology Reference Unit

National Institute for Communicable Diseases

A Division of the National Health Laboratory Service
Office: 011 555 0304

Fax :011 555 0446

www.nicd.ac.za

75



Appendix G - DNA extraction protocol using the MagNA Pure compact

A. SPECIMEN SELECTION:

1. Select specimens that need to be extracted. Fill in the specimen log with date extracted and initial.
There is no need to fill any other paperwork as the robot prints run reports, with all relevant
information.

B. PRE-EXTRACTION PREPARATIONS:

1. Thaw specimens plus | positive and 1 negative control. Remember that both controls are to be
treated in exactly the same way as the specimens. Ensure that there is 100p1 of sample volume in
all the Starstedt tubes.

B. DNA ROBOT EXTRACTION

r2

b

Switch the DNA robot on. Wait for it to complete its checks.

From the menu select “RUN".

4. The next screen can be bypassed by pressing the ‘next’ icon (>>) as there is no password.

“

From the current kit take out cartridges as needed. Cut open packet and remove cartridge, hold

the cartridges on the barcode area and the opposite side only. Do not touch the sealing foil. Check
that the sealing foil is not damaged and that mix the content of the cartridge by inverting the
cartridge a few times. If the cartridge is unsatisfactory — do not use it; keep it away to give to
Roche. Pull the lever on the side of the cartridge rack to raise it; the rack can then be removed for
easier use. Scan the barcode on the side of the cartridge, after the code appears in channel 1 on the
screen; insert the cartridge (2 empty wells at the back) into channel | ensuring it clicks into place.
Continue loading the cartridges from the left. Push the cartridge back down. Confirm
“CARTRIDGES INSERTED” and select next (>>).

6. Select the following setting:

a.

b
C:
d.
e

Protocol: DNA Blood V3
Sample Volume: 100ul
Elution Volume: 100ul
Sample Material: Blood
Internal Control Volume: None

7. Insert tip trays (from kit) accordingly. Ensure all the tips and the piercing tools are present; the
piercing tool should be in front. Confirm *TIP TRAYS INSERTED” and select next (>>).
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Type in the sample ID using the keyboard icon on the bottom left of the screen, select next (>>)
to enter the next sample [D. Remove the specimen rack and insert specimens (in our Starstedt
tubes-do not use tubes provided) in the sample row (S). Confirm “SAMPLES INSERTED" and
select next (>=).

Scan elution tubes (from kit) and insert in the elution tube row (E). Confirm “ELUTION TUBES
INSERTED™ and select next (>>). Remove specimen tubes’ caps and discard, place specimen
rack back into robot.

. Check data and settings chosen “CONFIRM DATA", ensure that the drop catcher is present

“DROP CATCHER PRESENT", ensure lids are removed, close the door and select “START™.

. The robot will display the remaining time and process it is currently undergoing. A run takes + 28

minutes. Fill in DNA robot log. Make labels with the LabPal, using BAN and small font size [line
1 “specimen number”, line 2 “extraction date™].

. When complete, an orange light under the touch screen will flash indicating “RUN

COMPLETED".

. Print results by selecting the print icon on the bottom of the screen. Open the lid; carefully cap

eluted samples, with the caps provided in the kit and remove. Label these with the labels made
according to the report, ensuring the correct label goes on the correct elusion tube.

. Throw away the sample tubes, tip trays and cartridges into the biohazardous waste. Clean robot

with dH,O (not alcohol). Go back to the main screen and select “Maintenance™ and then “UV
Decontamination”, select time duration (minimum lhour). Complete DNA robot log.

. On the report, highlight the date, sign at signature and fill in storage box numbers under

comments.
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Appendix H - DNA extraction protocol from a fluid sample (QIAGEN)

1. Pipette 20 pl Proteinase K into the bottom of a 1.5 ml microcentrifuge tube.

2. Add 200 pl of sample to the microcentrifuge tube. If the sample is less than 200 pl, add the appropriate
volume of PBS.

3. Add 200 plI Buffer AL to the sample, mix by pulse-vortexing for 15 s, and incubate at 56°C for 10
min. Briefly centrifuge the 1.5 ml microcentrifuge tube to remove drops from inside the lid.

4. Add 200 plI ethanol (96-100%) to the sample, and mix by pulse-vortexing for 15 s. After mixing,
briefly centrifuge the 1.5 ml microcentrifuge tube to remove drops from inside the lid.

3. Carefully apply all the mixture (including the precipitate) to QIAamp spin column (in a 2 ml collection
tube) without wetting the rim. Close the cap, and centrifuge at 8000 rpm for I min. Place the QIAamp
spin column in a clean 2 ml collection tube (provided), and discard the tube containing the filtrate.

6. Carefully open the QIAamp spin column and add 500 pl Buffer AW 1 without wetting the rim. Close
the cap, and centrifuge at 8000 rpm for | min. Place the QIAamp spin column in a clean 2 ml collection
tube (provided), and discard the collection tube containing the filtrate.

7. Carefully open the QIAamp spin column and add 500 pl Buffer AW2 (blue tip) without wetting the
rim. Close the cap and centrifuge at full speed 14,000 rpm for 3 min.

8. Place the QIAamp spin column in a new 2 ml collection tube (not provided, use 1.5 ml tube with lid
removed) and discard the collection tube containing the filtrate. Centrifuge at full speed for 1 min.

9. Place the QIAamp spin column in a clean 1.5 ml microcentrifuge tube (not provided), and discard the
collection tube containing the filtrate. Carefully open the QIAamp spin column and add 100 pl Buffer
AE. Incubate at room temperature for 5 minutes and then centrifuge at 8000 rpm for 5 min.

10. Carefully open the QLAamp spin column and add another 100 pl Buffer AE. Incubate at room
temperature for 5 minutes and then centrifuge at 8000 rpm for 5 min. Discard the column and store at
4°C or -20°C for a longer term. Clean up, switch off mini-spin, put away timer kit, fill in logs & freezer
box sheets etc. and put on UV for 30mins.
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Appendix I - DNA extraction protocol from a tissue sample (QIAGEN)

1. Excise the tissue sample or remove it from storage and place in a 1.5 ml microcentrifuge tube (Do
not use more than 25 mg).

2. Add 180 pl of Buffer ATL. (It is important to cut tissue into small pieces to decrese lysis time.

3. Add 20 ul Proteinase K using filter tips , mix by vortexing, and incubate at 56°C until the tissue is
lysed. Vortex occasionally during incubation to disperse the sample.

4, Quick spin the 1.5 ml microcentrifuge tubes to remove drops from the inside of the lid.

5. Add 200 pl Buffer AL to the sample, mix by pulse-vortexing for 15 s, and incubate at 70°C for 10
min. Briefly centrifuge the 1.5 ml microcentrifuge tube to remove drops from inside the lid.

6. Add 200 pl ethanol (96-100%) to the sample, and mix by pulse-vortexing for 15 s. After mixing,
briefly centrifuge the 1.5 ml microcentrifuge tube to remove drops from inside the lid,

7. Carefully apply all the mixture (including the precipitate) to QIAamp spin column (in a 2 ml
collection tube) without wetting the rim. Close the cap, and centrifuge at 8000 rpm for 1 min. Place
the QIAamp spin column in a clean 2 ml collection tube (provided), and discard the tube containing
the filtrate.

8. Carefully open the QlAamp spin column and add 500 pl Buffer AW1 without wetting the rim.
Close the cap, and centrifuge at 8000 rpm for 1 min. Place the QlAamp spin column in a clean 2 ml
collection tube (provided), and discard the collection tube containing the filtrate.

9. Carefully open the QIlAamp spin column and add 500 pl Buffer AW2 (blue tip) without wetting
the rim. Close the cap and centrifuge at full speed 14,000 rpm for 3 min.

10. Place the QIAamp spin column in a new 2 ml collection tube (not provided, use 1.5 ml tube with
lid removed) and discard the collection tube containing the filtrate. Centrifuge at full speed for 1 min.

11. PIace the QIAamp spin column in a clean 1.5 ml microcentrifuge tube (not provided), and discard
the collection tube containing the filtrate. Carefully open the QlAamp spin column and add 100 pl
Buffer AE. Incubate at room temperature for 5 minutes and then centrifuge at 8000 rpm for 5 min.

12. Carefully open the QlAamp spin column and add another 100 ul Buffer AE. Incubate at room
temperature for 5 minutes and then centrifuge at 8000 rpm for 5 min. Discard the column and store at
4°C or -20°C for a longer term. Clean up, switch off mini-spin, put away timer kit, fill in logs &
freezer box sheets etc. and put on UV for 30mins.
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Appendix J - Reagent preparations (agarose gel)

QUICK REFERENCE GUIDE:

GEL CASTING:

1.5% SMALL AGAROSE GEL: 13 (12+1) wells
1X TAE buffer 30ml

Agarose 0.45g

SYBR safe 3 ul

Total 1X TAE buffer needed = 500ml

1.5% MEDIUM AGAROSE GEL: 27 (26+1) wells
1X TAE buffer 80ml

Agarose 1.2g

SYBR safe 8 ul

Total 1X TAE buffer needed = 1000ml (1 L)

1.5% LARGE AGAROSE GEL: 52 (50+2) wells
1X TAE buffer 125ml

Agarose 1.88g

SYBR safe 12.5 pul

Total 1X TAE buffer needed = 2000ml (2 L)

GEL LOADING:

4 pl 1X TAE buffer
1 pl DNA loading dye
5 pl DNA

Run gel from black (-ve) to red (+ve)
110 volts/ 30 minutes




Appendix K - Reagent preparations (Krebs-Ringer buffer solution)

>

SIGNMA-AL DR -

KREBS-RINGER BICARBONATE BUFFER

With 1800 mg/L Glucose, Without Calcium Chloride
and Sodium Bicarbonate

Product Number K4002

Product Description

Although there have been many modifications to the
original formulas in efforts to produce fully defined
media, salt solutions still play an important role in
tissue culture. A salt solution's basic function, to
maintain the pH and osmotic balance in the medium
and to provide the cells with water and essential
inorganic ions, is as valuable today as when it was first
developed a century ago

Components a/L
D-Glucose 18
Magnesium Chlornide [Anhydrous] 0.0468
Potassium Chloride 0.34
Sodium Chloride 7.0
Sodium Phosphate Dibasic [Anhydrous] 0.1

Sodium Phosphate Monobasic [Anhydrous] 0.18

Precautions and Disclaimer

REAGENT

For R&D use only. Not for drug, household or other
uses.

Preparation Instructions

Powdered salts are hygroscopic and should be
protected from moisture. The entire contents of each
package should be used immediately after opening.
Preparing a concentrated salt solution is not
recommended as precipitates may form. Supplements
can be added prior to filtration or introduced
aseptically to sterile salt solution.

1.

2.

3.

Measure out 90% of final required volume of
water. Water temperature should be 15-20 °C.
While gently stimng the water, add the powdered
medium. Stir until dissolved. Do NOT heat.

Rinse original package with a small amount of
water to remove all traces of powder. Add to
solution in step 2.

To the solution in step 3, add 1.26 g sodium
bicarbonate or 16.8 ml of sodium bicarbonate
solution [7.5%w/v] for each liter of final volume of
medium being prepared. Stir until dissolved.

5. While stirming, adjust the pH of the medium to 0.1-
0.3 pH units below the desired pH since it may rise
during filtration. The use of 1N HCl or 1N NaCH is
recommended.

6. Add additional water to bring the solution to final
volume.

7. Stenlize immediately by filtration wusing a
membrane with a porosity of 0.22 microns.

8. Aseptically dispense medium into sterile container.

Storage and Stability

Store the dry powdered salts at 2-8 °C under dry
conditions and liquid medium at 2-8 °C in the dark.
Deterioration of the powdered medium may be
recognized by any or all of the following: [1] color
change, [2] granulation/clumping, [3] insolubility.
Deterioration of the liquid medium may be recognized
by any or all of the following: [1] pH change, [2]
precipitate or particulates, [3] cloudy appearance [4]
color change. The nature of supplements added may
affect storage conditions and shelf life of the medium.
Product label bears expiration date.

Procedure

Matenals Required but Not Provided

Water for tissue culture [W3500]

Sodium Bicarbonate [S5761] or

Sodium Bicarbonate Solution, 7.5% [S8761]
1N Hydrochloric Acid [H9892]

1N Sodium Hydroxide [S2770]

Medium additives as required

Reference

1. Krebs, H. A. and Henseleit, K. (1932).
Untersuchungen dber die Hamstoffbildung im
Tierkdrper in Hoppe-Seyler's Zeitschrift fur
Physiol. Chemie, 210, 33-66.

Revised: June 2007

Sigma-Aldrich, Inc. warrants that its products conform to the
information contained in this and other Sigma-Aldrich publications.
Purchaser must determine the suitability of the product(s) for their
particular use. Additional terms and conditions may apply. Please
see reverse side of the invoice or packing slip.
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Appendix L - South African department of agriculture, forestry and

fisheries disease databases™

Date Province State Vet District Disease Species Outbreaks Cases Dead Killed
(1993-
2011)
1996/0 | EASTERN | PORT NELSON ECHINOCOCCOSIS/HYDATIDO | OVINE 2 14 0 14
5 CAPE ELIZABETH | MANDELA | SIS
1996/0 | EASTERN | PORT NELSON ECHINOCOCCOSIS/HYDATIDO | OVINE 2 10 0 10
7 CAPE ELIZABETH | MANDELA | SIS
1996/0 | EASTERN | UMZIMKUL | UMZIMKU [ ECHINOCOCCOSIS/HYDATIDO | BOVINE 2 2 2 0
7 CAPE 6] LU SIS
1997/0 | EASTERN | UMTATA KING ECHINOCOCCOSIS/HYDATIDO | CANINE 2 2 2 0
4 CAPE SABATA SIS

DALINDY

EBO
1998/0 | EASTERN | EAST BUFFALO ECHINOCOCCOSIS/HYDATIDO | BOVINE 2 2 0 2
5 CAPE LONDON CITY SIS
1999/0 | MPUMAL | KWAMHLA THEMBISI | ECHINOCOCCOSIS/HYDATIDO | BOVINE 2 2 0 2
1 ANGA NGA LE SIS
1999/0 | NORTHER | KIMBERLEY | HAY ECHINOCOCCOSIS/HYDATIDO | BAT- 0 2 2 0
9 N CAPE SIS EARED

FOX
1999/0 | NORTHER | KIMBERLEY | KIMBERL ECHINOCOCCOSIS/HYDATIDO | YELLOW 0 2 2 0
9 N CAPE EY SIS MONGOO
SE

2000/0 | EASTERN | ELLIOT SAKHISIZ ECHINOCOCCOSIS/HYDATIDO | OVINE 2 14 14 0
6 CAPE WE SIS
2001/0 | MPUMAL | PIET RETIEF | SEME ECHINOCOCCOSIS/HYDATIDO | OVINE 2 10 10 0
8 ANGA SIS
2001/0 | MPUMAL | PIET RETIEF | SEME ECHINOCOCCOSIS/HYDATIDO | OVINE 2 14 14 0
8 ANGA SIS

*Query ran from January 1993 to December 2011. http://www.nda.agric.za. [Accessed 12 July 2012].
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Appendix M - DNA purification protocol (Zymo research sequencing

clean-up Kkit)

Notes:

' The amount of agarose
excised from the gel should
be as small as possible_

* Do not incubate above

60°C. Itis important that the

gel slice dissolve
completely. This can be
facilitated by gentle mixing
during the incubation.

* Remove the flow-through
by aspiration. Avoid
contamination of the
collection tube rim.

* DNA Elution Buffer: 10
mM Tns-HCI, pH 8.5, 0.1
mM EDTA.

® Elution of DNA from the
column is dependent on pH
and temperature. If water is
used, make sure the pH

is >6.0. Waiting 1 minute
prior to elution may improve
the yield of larger (= 6 kb)
DNA. For even larger DNA

(= 10 kb), the total yield may

be improved by eluting the
DNA with 60-70 °C DNA
Elution Buffer.

Buffer Preparation

v

Before starting: Add 24 ml 100% ethanol (26 ml 95% ethanol) to the 6 ml DNA
Wash Buffer concentrate. Add 96 ml 100% ethanaol (104 ml 95% ethanol) to the
24 ml DNA Wash Buffer concentrate.

Protocol

All centrifugation steps should be performed between 10,000 - 16,000 x g.

1.

Excise the DNA fragment' from the agarose gel using a razor blade, scalpel or other
device and transfer it into a 1.5 ml microcentrifuge tube.

Add 3 volumes of ADB to each volume of agarose excised from the gel (e.g. for 100
ul (mg) of agarose gel slice add 300 ul of ADB).

Incubate at 37-55 °C for 5-10 minutes until the gel slice is completely dissolved?.

For DNA fragments > 8 kb, following the incubation step, add one additional volume (equal to that of the gel slice) of
water to the mixture for better DNA recovery (e.g., 100 pl agarose, 300 pl ADB, and 100 pl water).

Transfer the melted agarose solution to a Zymo-Spin™ Column in a Collection
Tube.

Centrifuge for 30-60 seconds. Discard the flow-through?®.

Add 200 pl of DNA Wash Buffer to the column and centrifuge for 30 seconds.
Discard the flow-through. Repeat the wash step.

Add = 6 ul DNA Elution Buffer* or water’ directly to the column matrix. Place
column into a 1.5 ml tube and centrifuge for 30-60 seconds to elute DNA.

Ultra-pure DNA is now ready for use.
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Appendix N - Sequencing protocol (BigDye ver3.1)

Perform cycle sequencing

Quantity of PCR The minimum quantity of PCE product to
prﬂd uct to use running on an agarose gel.

use for sequencing is 20 ng, as checked by

F'rEp-ar‘e and run IMPORTANT! You need to use the BigDyE“' Direct M13 forward or reverse primers in

the cycle vour BigDye® Direct cycle sequencing reactions.
sequencing 1. Prepare a forward or reverse sequencing reaction mix in a tube on ice:
reactions
Components Volume fqr each
reaction

BigDye® Direct Sequencing Master Mix | 2.0pL

One sequencing primer: 1.0pL

+ BigOye™ Direct M12 Fwd Primer or

* BigDye® Direct M13 Rev Primer

Total velume for each reaction 3.0l

2. For each sequencing reaction, add 3 L of the sequencing reaction mix to the
appropriate well in the respective forward or reverse reaction plate.

3. Seal the reaction plate with adhesive film or caps, then spin the plate briefly.

4. Run the reactions in a thermal cycler:

Veriti® thermal cyclers F700 thermal cycler
Stage
Temp Time: Temp Time

Hold arc 15 min 3r°c 15 min
Hold amc 2 min amec 2 min
Hold 96°C 1 min R8°C 1 min
Cycle [25 cycles) 96°C 10sec 95°C 10 sec

50°C 5sec 50°C Sser

&0°C 75 s8¢ s0°C & min
Hold 4°C o 4°C =

5. After the cycle sequencing reactions are complate, spin the plate briefly.
STOPPING POINT. (Optional) Store the reaction plate at 4°C overnight or at -15°C or

-25°C for long-term storage.
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Appendix O - NCBI-BLAST result showing alignment of sample MT with a
G7 reference genotype (AY462128.1) deposited in GenBank

AY462128.1| Echinococcus canadensis, 125ribosomal RNA gene, partial sequence; mitochondrial;
genotype G7
Length=335

Score = 329 bits (178), Expect = 3e-87
Identities = 178/178 (100%), Gaps = 0/178 (0%)
Strand=Plus/Minus

MT 3 TGGCTTAACTAARACTACACAARCTCAAACCATTAARCGATAATATCAAACCAGATATAC 62
RN AR RN AR RN AR AN AR AR RRRN LELEART LT ELEERA | I
AY462128.1 186 TGGCTTAACTAARACTACACARACTCAAACCATTARACGATAATATCARACCAGATATAC 127
MT 63 ACCAACATRACARGAGTGAAATAATAGGTGGACCATCCTTTACTATGCATCTTCCCCTAA 122
FECEEREEELELEEEL FEEEEEVTEEEGTE L ELEEEEEREE LEEEEE R BELEL
AY462128.1 126 ACCAACATAACAAGAGTGARATAATAGGTGGACCATCCTTTACTATGCATCTTCCCCTAR 67
MT 12 CARGAATCGCTCACTGCCAAACCATTTTAGTTACAAAACCAGGACGAACATTTTARAR 180
ARNRRRRNRRRRRRNRAR [T ARRRRRRNRRRRRRRRER
AY462128.1 66 CAAGAATCGCTCACTGCCAAACCATTTTAGTTACAARACCAGGACGAACATTTTAARR 9
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Appendix P - NCBI-BLAST result showing alignment of sample MJ with
E. ortleppi (GS) reference genotype (AB235846.1) deposited in GenBank

(page 79-80)

|AB235846.1| Echinococcus ortleppi mitochondrial DNA, complete genome, genotype
G5
Length=13717

Score = 1775 bits (961), Expect = 0.0
Identities = 969/972 (99%), Gaps = 3/972 (0%)
trand=Plus/Minus

Query* 1 CRARTTTAATTCACAATAACARARARTCCTARRATCAGCACACACAGACAAACCTCTCAG

9 L 8 8 L O 8
Sbjct#**8372 CAAATTTAATTCACAATAACAARAAATCCTAARATCAGCACACACAGACAAACCTCTCAG

CACATARAR

et
CACATAARRA

Query ARARATTTARCAARACARTCATARCGAACGCGTGGTAACGTCGCTCGA

G
Lererrrrreeeerrrrrrerrer et et et et
G

C
I
Sbjct 312 AARARTTTAACARAACAATCATAACGAACGCGTIGGTAACGTCGCTCGAGCC

C
|
C

Query 2 ARCAATARATTAaACA
RN RN RRR
AACAATAMATTARACA

*GAAAECPT A“PTAPCGATA”RLT GCAAGLAAETAAPCBCPTHAAP

R R R R R N RN R AR RN ENE R R RN
a GAAABCPTGTATPTAPCGATALRLTLUCA}GLAAATAAPCBCGTHAAP

TATATACCACTATACTCAACATTAAATCCTCTAACCAATTCACTTTCAGCCTCCCCATAR

Ferrerrrrreeerrrrrrerrer e e e et et ereetrrrrrrreenl
TATATACCACTATACTCRAACATTAAATCCTCTAACCAATTCACTTTCAGCCTCCCCATAA

TCARATGGAG THCGHTTAGTC

TCACACAACACGCACACCAAGAATAACCCATAAATTAAT
Il
TLRAETGGPGTEL GATTAGTICTIC

4 8 0 5 6 I L O
ACACAACACGCACACCAAGAATAACCCATAAATTAAT

|I|||||||II|I||I|I||II|I |||||I||II|| ||I|II|I|||I|||II|I |
GGRAATAATARCCAACTCCACCAGTAARCTATGATARARATCAATTAARTTATACCTACRA

| I
TAARACARGCCTCAARACCTRACAGATCCA
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2aaGCACATCGAACCGACCTTAAARAAGAATAACTATTATAACTACCCCAACCTGCGECAC

I N 1 0 O 1 A O
AAAMGCACATCGAACCGACCTTAAARAAGAATAACTATTATAACTACCCCAACCTGCGCAC

ARCRARGRAATATCTAGAARTTCTAGCAGCAGCTAARAATCATAATACAGAAAGACCACTA

FEEErrrrererrrr et e er e e et e e v et e ee et e et
AACAARGARTATCTAGARATTCTAGCAGCAGCTAAAARTCATARTACAGARAGRCCACTA

TACCTAACTCTATAATATCTACCataaacaaacgaatatatcacaar

|III||
TACCTAACTCTATAATATCTACCATAAACARACGAATATATCACAACCAARACTATTAAC

1accaatataCCTACGACTTTGGAAGTARAAATTCTTAAACTTA
[

||||||||I|||||||||| Feerrrrrereeerrre et e ere e et e eererend
AACAARACACCAAATAARCCAATATACCTACGACTTTGGAAGTAAAAATTCTTAAACTTA

ATTACCARCTTCAACAAGTCAGCAAACCTCTGAAGCAARCCAATTATACCAACCTTATTA

FEETC] EEEEERLEEEEELRLEEEEEE] PELLERLEEEEEEEEEEEEELD EEEEER]EE]L
ATTACCAACTTCAACAAGTCAGCARACCTCTGAAGCARACCAATTATACCAACCTTATTA

11 IIIIIIIIIIIIIIIIII|||||||||||IIIIIIIIIIIIIIIIIIIIIII||||
GGG-CCCTTACGAAATTGAGAATACCCCAAARCCTTACGTTCACCCAAAACARRRRAARGC

aattattaacaa

IIII|IIIIIIIII|IIII|IIII|IIII|IIII|IIII|IIIIIIIII|IIII|IIII|
AATTATTARCAAACTAATCAACAARCCAAARACCCCAGAARCCAGCCCAARRRCARCCAT

TAGAGCAACCTAATCA-CARARATCACCATCAATGAGACAAATTGACATTCTARATARACT

B 1 1 GO 0 5 0 1 1 A O
TAGAGCAACCTAATCAGCARAATCACCATCAATGAGACAAATTGACATTCTAAATAAACT

AAGGTCAC-AAC 970

e il
AAGGTCACTRAC 7402

Keys: Query* = Sample MJ; Sbjct** = GenBank reference strain AB235846.1
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