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ABSTRACT

The objective of this study was to determine the prevalence and the potential risk
factors associated with T. solium (Ts) taeniasis/cysticercosis transmission and
maintenance in humans and pigs in Southern and Eastern provinces of Zambia.
Tongue examination of live pigs and assessment of the presence of circulating
parasite antibodies by enzyme-linked-immunosorbent assay (Ab-ELISA) and that
of circulating parasite antigen (Ag-ELISA) in serum were used to detect T’ solium
infections in pigs. A questionnaire was administered in households whose pigs
were examined in order to obtain information on pig husbandry practices and to

study other associated risk factors to T solium infections in man.

A total of 1541 pigs were examined. Of these, 772 and 769 pigs were from
Southern and Eastern provinces respectively. Of the total pigs examined 171
(11.1%) were positive after tongue examination. Pigs from Southern province had
a significantly higher T. solium prevalence of 117 (15.2%); (p< 0.001) than those
from Eastern province with a prevalence of 54 (7.0%) on tongue examination.
Antibody-ELISA analysis gave a total prevalence of 37.2%. There were no
differences in 7. solium prevalence detected between pigs from Southern 287
(37.2%) and Eastern 287 (37.3%) provinces. The Ag-ELISA assay gave a total T,
solium cysticercosis prevalence of 376 (24.4%). There was significant difference
between Southern province with a prevalence of 234 (30.3%); (p < 0.001) and
Eastern province with 142 (18.5%). The study further showed that the prevalence

of T" solium on Ag-ELISA in young pigs was 27.3% while adult pigs had 22.8%.
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A total of 788 farmers were interviewed out of the 800 households visited. The
noted risk factors as.sociated with 7. solium infections were varied and included;
lack of pork inspection at slaughter (96.7%), consumption of pork with cysts
(20.1%), selling of pork infected with 7. solium cysticerci (18.3%), individuals
belonging to households with pigs found positive for cysticercosis on Ag-ELISA
(37.6%), free-range husbandry system (83.2%) and poor sanitation i.e. allowing
pigs access to infected faeces because of absence of toilets (58.0%). However,
analysis of the prevalence rates of porcine cysticercosis in pigs raised in
households with or without a latrine yielded no statistical significance on Ag-

ELISA (x* = 1.76, p < 0.184).

This study confirmed a high prevalence of T. solium porcine cysticercosis in the
surveyed villages and thus suggests the presence of 7. solium human carriers. The
life cycle of T. solium is bound to be sustained by pigs having access to infected
human faeces because lack of toilets and consumption of cysticercosis-infected
pork by villagers. It is evident from this study that T. solium infection poses a high
public health risk in the study areas. This baseline data on the status of porcine
cysticercosis should give the impetus to conduct Taeniosis and cysticercosis

prevalence study in humans in these areas.
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CHAPTER ONE:
1.0 INTRODUCTION

Infection with Taenia solium, the pig tapeworm, is widely prevalent in human and
swine hosts in many developing countries of Latin America, Africa and Asia (Sarti et
al., 1992a). Data collected during the last decade show that 7. solium cysticercosis in
pigs and man is more widely distributed in sub-Saharan Africa than previously

assumed (Geerts et al., 2002; Phiri et al., 2003).

Man is the definitive host while pigs are intermediate hosts. Pigs are therefore, the
main source of infection of human taeniasis. Adult intestinal tapeworm infection in
man is acquired by eating undercooked pork which is contaminated with cysticerci
(Cysticercus cellulosae), the larval stage of the cestode. Cysticercosis, on the other
hand, is acquired by man who ingests T. solium eggs shed in the faeces of a human
tapeworm carrier and thus, it may occur in humans who neither eat pork nor directly
share environments with pigs (Schantz et al., 1992). Pigs are infected with T, solium

cysticercosis by ingesting the parasite eggs or proglottids present in human faeces.

Most morbidity and mortality in human cysticercosis occurs when the parasite
invades the central nervous system producing cerebral cysticercosis or
neurocysticercosis (NCC), which causes epilepsy, chronic headache, seizures,
hydrocephalus and other neurological manifestations (Garcia-Garcia et al., 1999).
NCC is the frequent cause of neurological disorders in many developing countries
and is also increasingly being reported in patients suffering from epilepsy in

developed countries like the United States (White 1997). White (1997) reported that



NCC may also cause intracranial hypertension with subsequent death of the infected

person and that cysticerci may also develop in the eye with consequent loss of vision.

Diagnosis of cysticercosis in pigs is usually made at meat inspection. However, ante-
mortem diagnosis using tongue examination is sometimes possible in living animals,
when the vesicles are located on the tongue or certain mucosae like the ocular
mucosae (Gonzalez er al., 1990). Meat inspection is the only technique that is
routinely used for the detection of infected carcasses; however, serological tests have
recently been developed for the detection of specific cysticercosis antibodies or
antigens (Geerts et al., 1981, Harrison et al., 1989). The presence of cysts in the live
animal or in the meat greatly reduces its market value causing economic losses to the

producer (Widdowson et al., 1999).

In regions of endemic infections, transmission is clearly related to prevailing low
standard of personal hygiene and poor environmental sanitation and control (Toledo
et al., 2001). The general lack of sanitary services, especially inadequate disposal of
human excrement, and the widespread occurrence of free-roaming pigs permit easy
transmission of 7. solium in most of the endemic regions. Since the epidemiology of
T' solium infections is closely linked to social, economical and environmental
factors, T. solium cysticercosis is predominantly found in rural areas of endemic
countries (Sanchez er al., 1997). Consequently, many epidemiological studies have

been carried out in rural populations.

Pig keeping and pork consumption in Zambia have increased significantly during the
past decade (Phiri ef al., 2003). The main reason for this is the increased deaths of

cattle due to theileriosis in Eastern and Southern provinces and the recognition by



farmers of a quicker and more impressive return on their investment from raising
pigs. In addition, the increased demand for pork in urban areas of the country has
resulted in the transportation of pigs from these rural smallholder communities to
large population centres (Phiri et al., 2002). Most of these smallholder pig producers
are so poor that they cannot afford to confine and feed their pigs and as such the pigs
are allowed to roam about (scavenge). This free-range management system exposes
pigs to consume human faeces often contaminated with tapeworm eggs and hence
become infected. The lack or absence of meat inspection regimes and disease control
in certain illegal livestock and livestock products markets exacerbates public health
risk to T. solium cysticercosis in the urban areas where many infected pigs are

transported and consumed by unsuspecting people.

The abattoir survey of pigs at Chibolya slaughter slab in Lusaka, all of which where
from Southern province, showed that 10.9% and 20.6% were positive by lingual
examination and meat inspection, respectively (Phiri et al., 2002). Phiri et al. (2002),
in their preliminary field study, reported that 8.2% (n = 98) pigs from some villages
in Kalomo district in Southern province and 5.2% (n = 151) pigs from the villages in
Sinda area (Katete district) in Eastern province were positive for T. solium
cysticercosis by tongue examination whereas Ag-ELISA detected positive 20.8% and
9.3% pigs in Southern and Eastern provinces, respectively. This preliminary study
clearly showed that T. solium was present in these rural areas of Zambia and
therefore, the need for more comprehensive study was suggested. It is from this that
this study on cysticercosis in pigs was conceived and that the two provinces were

thus chosen. These two provinces harbour more than 76% of the total number of pigs



reared under the small scale management system in Zambia (MAFF 1998). Most of
these pigs are on free range (Phiri et al., 2002).

The main objectives in this study were therefore:

(@ To establish the prevalence of 7. solium metacestodes in free-range pigs in

Southern and Eastern provinces of Zambia and,

(b) To elucidate the possible risk factors involved in transmission and maintenance

of 7" solium infection in human and porcine cysticercosis in rural Zambia.



CHAPTER TWO:

2. LITERATURE REVIEW

2.1  Background

The scientific study of the taeniid tapeworms of humans can be traced to the late 17
century. There are about 40 species of adult tapeworms and about 15 larval forms,
which can infect man, dogs and other accidental hosts (Ashford and Crewe, 1998;
Cox, 2002). According to Cox (2002), Edward Tyson was the first person to
recognize “the head” known as the scolex of a tapeworm, and described the anatomy
and physiology of the adult tapeworm. This discovery, laid the foundation for the
current knowledge on the biology of the taeniid tapeworms of humans. Although
there were differences between the broad tapeworm and the taeniid tapeworms that
were identified, the distinction between T. solium and T. saginata were not yet
clearly distinguished (Cox, 2002). Although Goeze in 1782 had suspected that T
solium and T. saginata were different species, it was not until the middle of the 19%
century that Kuchenmeister confirmed the differences based on the morphology of
the scolex (Cox, 2002). The first indication that intermediate hosts were involved in
the life cycles of taeniid tapeworms emerged in 1784 from studies using the pork
tapeworm. German pastor, Johann August Ephraim Goeze observed that the scolices
of the tapeworm in humans resembled cysts in the muscle of pigs (Kean et al., 1978).
Some 70 years later, Kuchenmeister, in much criticised experiments, fed pig meat
containing cysticerci of T. solium to criminals condemned to death and recovered
adult tapeworms from the intestine at post-mortem (Cox, 2002). From 1868 to 1869,

J. H. Oliver further observed that 7. saginata tapeworm infections occurred in



individuals who had eaten infected beef. This observation was confirmed by an

Italian veterinarian Edoardo Perroncito in 1887 (Cox, 2002).

Taenia solium has caused very devastating effects in man as evidenced by the many
names it has acquired, such as “Swiss cheese brain”, “you drive me crazy” and

“gutless flatworm” (Lightowlers, 1999).
2.2 Morphology of Taenia solium

Taenia solium is a tapeworm belonging to the phylum of Platyhelminthes, in the

class Cestoidea, order Cyclophylidea and the family Taeniidae (Soulsby, 1982).

The tapeworm inhabits the upper part of small intestine of man and measures 1.8-
4.8m long with 800-900 proglottid (Gracey, 1986). The head of T. solium is globular
and less than Imm in diameter, while the rosetellum is short and has double crown of
26-28 hooks. The neck is long and slender. Taenia solium has no alimentary canal
and its segmented body is called the strobila. Each segment is called a proglottid and
it is hermaphrodite containing both male and female reproductive organs (Soulsby,
1982). The gravid uterus in a mature proglottid has 7-12 tree-like lateral branches on
each side filled with eggs (Soulsby, 1982). T’ solium eggs (26-34um in diameter) are
embryonated and can only be seen under the microscope as brown coloured and with

radiated appearance (Gracey, 1986).

Cysticercosis of pigs is caused by the presence of cysticercal larvae, Cysticercus
cellulosae the metacestode of T. solium of man (Schantz et al., 1992). According to
Gracey and Collins (1992), the Cysticercus cellulosae in pig muscles measures
between 0.2cm when young and 2cm at full growth. Each cysticercus has the

appearance of a white vesicle with the lateral invaginated scolex appearing as a white



spot. The scolex, similar to the adult tapeworm, possesses four suckers and double

crown of 26-28 hooks (Gracey and Collins, 1992).
2.3  Life cycle of T. solium

The life cycle of T. solium includes the human carrier status, free-living eggs and
cysticerci in pigs or human. According to Sciutto et al. (2000), humans acquire
intestinal infection (taeniasis, or tapeworm infection) by ingestion of undercooked
pork infected with T. solium cysticerci. In the intestine, the protoscolex evaginates
and attaches to the intestinal wall by means of suckers and hooks. The adult worm
develops in the small intestine of humans by forming proglottids (Figure 2.1) which
arise from the caudal end of the scolex (the neck) (Soulsby, 1982; Flisser, 1994). The
body formation which is called strobilation is rapid with development of a mature
gravid tapeworm (2-7m in length) after 2-3 months post-infection (Flisser, 1994).
The earlier proglottids gradually enlarge and mature as they are separated from the
scolex by the newly produced proglottids with functional testes and ovaries. The
tapeworm produces millions of eggs (Figure 2.1) which are fertilised within the
proglottids and are passed to the environment (Toledo et al., 2001). Each terminal
gravid proglottid contains about 50,000 eggs which can either be intermittently
extruded from the proglottids into the intestine, or the entire gravid proglottids may
be passed in the faeces (White, 1997). Most patients are asymptomatic; however,
they may note the passage of proglottids in their faeces. Gravid proglottids are
opaque, off-white in colour, and about 1-2cm long, 1cm wide, and 2-3mm thick (Pal
et al., 2000). Allan et al. (1997) reported that since excretion of proglottids is

intermittent, stool studies from patients with active tapeworm infection are



commonly negative for parasite ova because eggs are not uniformly distributed in

faeces.

Cysticercus
in lungs,
brain, eyes

cirtulﬁnm Swine

Embryonated eggs or

; ; proglottids ingested

Figure 2.1: The life cycle of Taenia solium, showing the infective stages for both
man and pig. (Source: www.nlc.net.au/.../ taeniasislifecycle.htm)

Pigs are infected by ingesting parasite eggs or mature proglottids in human faeces
(White, 1997). Thus, porcine infection is limited to areas where animal husbandry
practices are such that pigs come into contact with human faeces (Toledo et al,
2001). The eggs activated by action of gastric and intestinal fluids are induced to

hatch and the hatched larvae, also called oncospheres (Figure 2.1) escape from the



eggs and attach to the intestine via motile hooks, and penetrate the intestinal mucosa
and the vessels in the submucosa (Pal er al., 2000). Penetration appears to be

facilitated by excretory proteases produced by oncospheres (Flisser, 1994).

After invasion, the oncospheres migrate via the bloodstream throughout the body of
the intermediate host. In pigs, the cysticerci develop primarily in the masseter, heart,
tongue and shoulders, but will be disseminated throughout the body (Soulsby, 1982).
It is however, not known whether the oncospheres actively migrate to specific tissue
or merely passively lodge in the tissues with high blood flow such as the muscles or
the brain (White, 1997). Flisser (1994) stated that oncospheres enlarge and mature
into cysticerci over a period of 3 to 8 weeks. The cyst appear in the muscles as
translucent, thin-walled cysts that are about 1 ¢cm in diameter and have an eccentric
white nodule containing the invaginated scolex (Pal et al., 2000). The size of C.
cellulosae varies with its stage of development; by 20 days the cyst is the size of a
pinhead, by 60 days the size of a pea with the head visible, while by 110 days all
cysts are approximately of the same size and the scolex is developed and invaginated

(Gracey and Collins, 1992).

Soulsby (1982) stated that the cysticerci are infective after about nine to ten weeks
and that though the longevity of cysticerci is not known, however, the young age at

which pigs are slaughtered means that the majority of cysts in pork would be viable.

The larval stage also affects humans after the ingestion of 7. solium eggs present in
human faeces leading to a condition called cysticercosis (Flisser, 1994). Human
cysticercosis may occur if eggs are conveyed to the mouth by unclean fingers after

defaccation or other oral contamination on swallowing of T. solium egg



contaminated soil, water or vegetation are the most likely routes of human infection
(Schantz et al., 1992). Flisser (1994) reported that retrograde movement of intestinal
contents may cause autoinfection, as the oncospheres are released from the eggs by
successive exposure to the acid stomach and alkaline intestinal juices. After infection
with eggs, the highest number of cysts establishes in the subcutaneous tissue, then
the brain, but cysts may be found in muscle, particularly of the thigh or calf, or in the

heart, liver, lungs and eye (Gracey and Collins, 1992).
24  Host range

Taenia solium adult and larval forms are less host-specific. The tapeworm usually
occurs singly in intestines of humans but in endemic areas, several tapeworms, up to
25, may be present in an individual (Gracey and Collins, 1992). Man is the natural
definitive host for the adult tapeworm, however, Allan et al. (1991) reported that T:
solium taeniasis may be established in Lar gibbon (Hylobates lar), Chacma baboon
(Papio urnus) and golden hamster (Mesocricetus auratus). The larval stage of the
tapeworm is found most commonly in pigs, though it can also occur in the wild boar,
rabbits, hare, monkeys, sheep, man and dogs (Sciutto er al., 2000; Ito et al., 2002).
Ito et al. (2002) stated that although pigs are the most important intermediate hosts of
economic importance, dogs are also highly susceptible and become intermediate

hosts
2.5  The importance of T. solium taeniasis and cysticercosis

Taenia solium is both an important parasitic disease to pig production as well as

human health.
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2.5.1 Impact of T. solium cysticercosis on pig production

Porcine cysticercosis is an economically important parasitic disease because it affects
a large number of pigs, making their meat unfit for human consumption and thereby
incurring sizable economic losses. The presence of cysts in the live animal or in the
meat greatly reduces its market value causing economic losses to the producer
(Widdowson et al., 1999). According to legislation in many African countries meat
of infected pig should be destroyed, but due to lack of well-organised meat
inspection and very common illegal slaughtering, almost all infected carcasses are
marketed and/or consumed (Zoli ez al., 2003). Usually in Africa, a pig carcass with
cysticercosis is sold at a reduced price thereby causing a loss to either the farmer or

the intermediary agent (Phiri ez al., 2003; Zoli et al., 2003).
2.5.2 Impact of T. solium taeniasis and cysticercosis on public health

Man does not only harbour the adult 7. solium in his small intestines, systemic
infection with oncospheres (hatched from tapeworm eggs) does occur causing cysts
to establish in the muscular tissue and other organs leading to a condition called
human cysticercosis (Flisser, 1994). Zoli et al. (2003) noted that the importance of
cysticercosis on human health is rather difficult to estimate because of the highly
variable clinical picture of the disease. It ranges from asymptomatic to severe
headache, epilepsy and even death. Furthermore, the cost of several visits to the
physician, the costs for serology and/or CT-scan, transport and drugs have to be
taken into account. Zoli et al. (2003) further stated that although in many African
countries, patients are not hospitalised during the treatment of NCC, loses due to the

disease are thought to be quite insidiously significant.
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Preux et al. (2000) stated that the social stigma of epilepsy must also be taken into
account and that most communities cast out epileptic patients, because epilepsy is
considered a contagious and/ or a shameful disease. In these communities, epileptics
are often isolated to prevent the spread of the ailment. According to surveys of Preux
et al. (2000) in West Cameroon only 27% of epileptics get married and 39% fail to

enter into any professional activity.

White (1997) in his review stated that NCC, being an infection of the central nervous
system, by the larval stage of 7. solium, is the frequent cause of neurological
disorders in many developing countries. NCC is also increasingly being reported in
patients suffering from epilepsy in the United States which is attributed to the
migration of people from T. solium endemic regions. White (1997) reported that
NCC is the most likely reason for epilepsy and is twice as common in developing as
in developed countries of the world. Seizures are the most common clinical
symptoms of NCC in 70%-90% of patients (Wadia, 1996; Del Brutto, 1997). Other
symptoms include nausea, vomiting, headache, ataxia, confusion, hydrocephalus,
vasculitis and stroke (Del Brutto, 1997). Craig et al., (1996) reported that human
cysticercosis could be difficult to detect, as symptoms may take years to develop
after infection and that in the case of NCC, symptoms appear after irreversible

damage to the brain has occurred.

Cysticercosis has enormous socio-economic relevance which includes the cost of
medical treatment, loss in man hours and direct losses due to condemnation of
infected carcasses. In Mexico, 10-12% of neurological admissions are thought to be

attributable to NCC infections (Flisser, 1988). A minimum estimate of the cost of
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admission to hospital and wage loss for NCC in the United States (a non endemic
country) was US$8.8 million annually whereas treatment costs in Mexico were

estimated at US$89 million while Brazil was US$85 million (Roberts et al., 1994).
2.6  Epidemiology and risk factors of 7. solium infection

The transmission dynamics of taeniasis and cysticercosis are poorly understood by
most communities at risk especially with regard to the relationship of human and
porcine life cycle under field conditions (Garcia et al., 1999). Although the pig is the
essential intermediate host for 7. solium, little attention has been paid to identify and
document the risk factors involving human and porcine infection (Garcia et al,

1999).

Widdowson er al. (1999) reported that there are only a few studies that have
investigated risk factors for porcine infection and that although these are undoubtedly
associated with faeco-oral route transmission; specific risk factors for cysticercosis in
pigs have not been clearly identified. Sanchez et al. (1998) analyzed risk factors for
seropositivity in the urban residents in Honduras and showed that seropositivity was
statistically associated with poor household conditions, raising pigs, poor sanitation,
lack of portable water and lack of knowledge about the parasite. Other authors have
also specifically reaffirmed elsewhere that porcine infection is associated with
poverty, lack of latrines and free access by scavenging pigs to human faeces and that
lack of veterinary control provide the conditions to sustain the life cycle of T. solium
(Diaz et al,, 1992; Sarti et al, 1992b; Schantz et al., 1992). Sarti et al. (1997)
showed that extensively raised pigs had a higher seroprevalence of cysticercosis than

intensively raised pigs.
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In Mexico, Garcia-Garcia et al. (1999) demonstrated that the presence of tapeworm
carriers in households is the main risk factor attributed to human cysticercosis.
Persons infected with 7. solium tapeworms intermittently shed proglottids and/or
substantial numbers of infective eggs in their faeces thereby exposing the majority of
the victims to cysticercosis by the faeco-oral route. Eggs are passed on after direct
contact with a tapeworm carrier or by ingesting contaminated food, water, soil or
fomites. Thus, eggs are more easily transferred to new victims when carriers
unhygienically prepare and serve food (Schantz et al.,, 1992). Sanchez et al. (1997)
found that the less the population knew about the existence of the parasite, the
greater the risk they had of being seropositive. Schantz et al. (1992) also noted that in
non-endemic countries, the disease was most likely to be imported or acquired
through contact with an immigrant human tapeworm carrier. They further observed
that migration of tapeworm carriers from rural areas to the city predisposes a higher
transmission risk of cysticercosis when it involves the presence of poor

environmental and social conditions.

Pouedet ez al. (2002), in their study reported no statistical difference in prevalence of
cysticercosis in pigs raised in household with or without a latrine. Infection rates
were significantly higher in pigs that had access to human faeces than those, which

did not have. Rodriquez-Canul et al. (1998) also obtained similar results.

Aluja et al. (1998) reported that there is evidence that free-range pigs became
infected during the initial days after birth. She stated that in rural areas, piglets
become infected at the age of 4 weeks that’s immediately after weaning and that in

tropical areas; infection in piglets is higher during the dry and hot season. Aluja et al.
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(1998) attributed this to the fact that adult animals are reluctant to move at high

temperature while young ones remain active and thus have access to feacal material

during the hot season.

Sarti-G et al. (1992a) in Mexico found that the prevalence of cysticercosis was
slightly higher in male than in female pigs and that it increased with age. Pouedet et
al. (2002) also found similar results, which demonstrated that adult pigs showed a
significantly higher seroprevalence than young ones. However, Rodriquez-Canul ef
al. (1998), in their study reported that there was no significant difference in

seroprevalence by sex and that seroprevalence decreased with age.
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2.7 Prevalence of T. solium taeniasis and cysticercosis in some selected Latin

American, Asian and African countries

Most of the studies conducted in Latin America and a few in Asia have involved
sampling in both humans and pigs Tables 2.1 and 2.2, respectively. However, in
Africa, baseline data on the prevalence of 7. solium has been collected in pigs but

none in humans (Table 2.2).

Table 2.1 Studies on T. solium infections in humans conducted in some

endemic countries of Latin America and Asia.

Country Human cysticercosis Human taeniasis Reference
prevalence (%) prevalence (%)
Mexico 12 0.5 Garcia-Garcia et al, (1999)
10.8 0.3 Sarti et al, (1992b)
Peru 21 - Garcia et al, (1999)
8 - Diaz et al, (1992)
Bolivia 22.1 - Carrique-Mas et al, (2001)
China 3-4 - Rajshekhar et al. (2003)
Vietnam 5-7 - Rajshekhar et al. (2003)

In the Eastern and Southern Africa (ESA) region, a number of surveys have been
done. Tongue prevalence of porcine cysticercosis as high as 46.7% in Mbulu district

of Tanzania has been reported (Ngowi, 1999).

In Zambia, a postmortem survey was conducted at an unofficial livestock market

(Chibolya) in Lusaka, (Table 2.2) which indicated a prevalence of 20.6% to 56.6%
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(Phiri et al., 2002). During this survey, it was found that all these pigs originated
from Southern province. Phiri et al. (2002) suggested that since the pig are subjected
to ante-mortem tongue examination at several stages to determine infection status
before being brought to urban centres (mostly Lusaka), it is highly possible that the
prevalence after lingual examination is much higher in Southern province than found

at the Lusaka slaughter slab survey.

Table 2.2 Studies on T. solium infections in pigs conducted in some endemic
countries of Latin America, Asia and Africa.

Country Porcine cysticercosis Reference

prevalence (%)
Mexico 4 Sarti et al, (1992b)
Peru 61 Garcia et al, (1999)

43 Diaz et al, (1992)
Bolivia 37.4 Carrique-Mas et al, (2001)
China 5.4 (0.8-40) Rajshekhar et al. (2003)
Vietnam 0.04-0.9 Rajshekhar et al. (2003)
Cameroon 11.0 Pouedet et al. (2002)
Tanzania 0.04-4.9 Nsengwa (1995)

3.2-46.7 Ngowi (1999)
Uganda 0-33.7 Kisakye and Masaba (2002)
Zambia 20.6-56.6 Phiri et al. (2002)

8.2-20.8 Phiri et al. (2002)
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2.8  Diagnosis of T. solium infections

2.8.1: Parasitological methods

The most common method of diagnosing porcine cysticercosis in vivo at the village
level is tongue examination. However; tongue examination requires technical skills
and has low sensitivity (Sciutto et al., 1998a). The vesicular metacestodes can be
palpated and easily seen. However, fibrous or calcified larvae (cysts) are more
difficult to detect, as they tend to be quite small (Sciutto e al., 1998b). This is in
contrast with the calcified cysts of Taenia saginata, which are comparatively easy to
identify at meat inspection because they often form white and fibrotic lesions
(Onyango-Abuje et al. 1996). Sciutto et al. (1998a) also estimated that more than
50% of pigs that harbour metacestodes show them in the tongue, and recommended
the tongue as one of the sites for meat inspection in addition to the diaphragm or the

shoulder muscles. Sciutto er al. (1998a) also reported that the maximal sensitivity

obtained by the tongue examination were 71% in experimentally infected pigs.

Gonzalez ef al. (1990) also noted that the in vivo examination of the tongue and post-

mortem anatomopathological examination are common procedures used in the

diagnosis of porcine cysticercosis. However, he reported that tongue examination
shows high specificity and low sensitivity or about 70% of the anatomopathological
examination, which has a disadvantage of requiring cuts in the meat. Gonzalez et al.
(1990) further noted that although tongue examination is one of the methods used to
detect cysticercosis infection in pigs, which is cheap and easy to perform, it can
easily miss mild infections. Although detection of cysticercosis infection is routinely

done at meat inspection, the technique is time consuming and infected carcasses are
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easily missed and passed on for human consumption (Walther and Koske, 1980;
Gonzalez et al. 1990). Another disadvantage of the current meat inspection
procedures is that infection is detected after the death of an animal, which is too late

to make any decisions over treatment (Onyango-Abuje et al., 1996).

Examination of stool or faeces for presence of Taenia eggs, scolex or proglottids can
be used to diagnose human intestinal infection with T. solium. This involves using a

sedimentation technique that utilizes formol-ether (Sarti ef al., 1992b).

2.8.2 Immunodiagnostic techniques

Although meat inspection is the routine technique for the detection of cysticercosis
infected carcasses, serological tests have recently been developed for the detection of
specific cysticercosis antibodies or antigens (Geerts et al., 1981; Harrison et al.,
1989; Dorny et al., 2003). Serological diagnostic methods are important tools for
epidemiological studies since they can be applied to living animals on a large scale
(Dorny et al., 2003). Since pigs are the primary intermediate hosts, prevalence of
porcine cysticercosis is a reliable indicator of active transmission zones (Sanchez et
al, 1997; Garcia-Garcia ef al., 1999). In epidemiological studies, serological tools
can be applied to diagnose human and pig cysticercosis. Diaz et al. (1992),
recommended serological studies in both humans and pigs as being useful for
determining areas where the disease is endemic and defining and targeting high-risk
families to T. solium antigen contact as well as for monitoring the success of control

programmes by determining the incidence of new cysticercosis infections.
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However, the sensitivity of the available serological techniques is low in pigs with
low levels of cyst burdens (Sciutto er al., 1998b). Nevertheless, Nguekam et al.
(2003) were able to detect pigs harbouring a single cyst using Ag-ELISA. When
measuring antibodies, antigen exposure is measured rather than actual infection and
that interpretation of seropositive results in young pigs may be complicated by the
fact that the maternal antibodies transferred by colostrum from a seropositive sow to
its piglets may persist for up to 7 months (Gonzalez et al., 1999). In human, the
occurrence of a transient antibody response in 7. solium infection in field conditions
was found to be a major contributor to the over estimation of the prevalence of
cysticercosis in endemic areas of Peru and Columbia when data from serological
surveys demonstrated that about 40% of seropositive people were seronegative when
re-sampled after one year (Garcia et al., 2001). Garcia et al. (2001) noted that as in
humans, the problem of transient antibodies may also have to be considered in pigs
which may be exibiting transient antibody response to T" solium infection without the
establishment of a patent infection. Cross-reactions with Cysticercus tenuicollis are
rather the rule than the exception in most antibody and antigen detecting tests (Dorny

et al., 2003).

2.8.2.1 Antibody Enzyme-Linked Immunosorbent Assay (Ab-ELISA)

Serodiagnosis of cysticercosis through detection of anti-parasite antibody has been
widely evaluated using several target antigens, ranging from total T. solium extracts
(Flisser et al., 1994) of the metacestodes to selected preparations, such as cyst fluid,

scolex or extracts of external membranes (Larralde et al., 1986). Pinto et al. (2000)
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conducted a study to evaluate antigens of 7. solium and T. crassiceps cysticerci in the
Enzyme-Linked Immunosorbent Assay (ELISA) test for the diagnosis of porcine
cysticercosis. Four antigens; (i) vesicular fluid and (ii) crude 7. crassiceps antigens
and, (iii) scolex and (iv) crude T. solium antigen preparations were assayed. Pinto et
al. (2000) found that though all the antigens showed good performance, the vesicular
fluid of 7. crassiceps was the best followed by crude T. crassiceps. A separate study
conducted by Nunes et al. (2000) also found similar results as those obtained by
Pinto et al. (2000). According to the study by Nunes et al. (2000), the use of cyst
fluid and crude antigens of T. crassiceps metacestodes obtained the best results of

overall specificity and sensitivity of 100 and 96.4% respectively.

Indirect ELISAs based on the detection of the host’s (porcine) anti-cysticercal
antibodies have not been very reliable in individual animals due to many cross-
reactions observed (Geerts et al. 1981; Harrison ef al., 1989). Garcia et al. (2001)
noted that antibody detection has an important drawback, in that, it may indicate
exposure to infection and not necessarily the presence of an established, viable
infection, resulting in transient antibodies; and also that antibody may persist long
after the parasite has been eliminated by immune mechanisms and/or drug therapy
(Harrison et al., 1989; Garcia et al., 1997). Harrison et al., (1989) stated that, the
indirect ELISAs do not differentiate between recent infections with live
metacestodes and older infections with degenerated metacestodes, which are no
longer infective. Pinto et al. (2000) reported that when using T. solium antigen, the
occurrence of cross-reactions with other diseases such as hydatidosis and ascaridosis

have been observed.
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2.8.2.2 Antigen Enzyme-Linked Immunosorbent Assay (Ag-ELISA)

Several workers including (De Jonge et al., 1987; Harrison et al., 1989; Brandt et al.,
1992); Draelants et al., 1995; Onyango-Abuje et al., 1996 and Van Kerckhoven et
al., 1998) have contributed to the development of Antigen detecting ELISAs.
Harrison et al. (1989) developed an antigen detecting ELISA based a mouse
monoclonal antibody (MoAb) with a repetitive carbohydrate epitope found in lentil-
lectin adherent glycoproteins present on the surface and in the secretions of 7.
saginata cysticerci. As the target glycoprotein contains multiple antigenic epitopes
recognised by the MoAb, the same MoAb was used in the trapping and indicating
layers of a double sandwich antigen ELISA (Ag-ELISA) that was designed to detect
these glycoproteins in serum of 7. saginata infected cattle. Similar Ag-ELISA has
been used in sero-epidemiological studies for T. saginata and T. solium cysticercosis
in Zambia (Dorny et al., 2002; Phiri et al., 2002). Harrison et al. (1989) reported that
the circulating antigen detecting technique offers the advantage over the Ab-ELISA
of only demonstrating the presence of live cysts and is reported to give a better
correlation between the actual presence of viable infective cysticerci and antigen
positive cases. It is also reported to give fewer cross-reactions with other helminth

infections (Dorny et al., 2000).

Harrison et al. (1989) showed that when the drug praziquantel killed the cysticerci,
the ELISA assay became negative, presumably because parasite products were no
longer produced by the dead cysticerci. Similar findings were observed by Aluja et

al. (1999) that Western blot gives positive results as long as the metacestodes are in
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the vesicular stage, but when they become caseous the result tends to be negative and

that results using the ELISA show the same tendency.

A small trial conducted by Rodriquez et al. (1989) in pigs naturally infected with T.
solium indicated that the Ag-ELISA also had potential in the diagnosis of viable

infection in pigs.

Sciutto et al. (1998b) used both antigen and antibody ELISA to analyse pig sera, in
experimentally infected pigs all of which were infected on necropsy examination,
and showed that 83.7% and 86.0%pigs were positive to Ag-ELISA and Ab-ELISA
respectively. However, Sciutto er al. (1998b) found that neither Ag-ELISA, Ab-
ELISA nor Enzyme-Linked Immunotransfer blot (EITB) are adequate for the
diagnosis of porcine cysticercosis in lightly infected village pigs (pigs with low cyst
burdens) and that such pigs may escape detection by meat inspection thereby
maintaining parasite transmission by allowing lightly infected carcasses to remain in

the food chain.

2.8.2.3 Enzyme-Linked Immunotransfer Blot (EITB) or Western Blot

Currently immunoblot using a 7. solium glycoprotein antigen extract (LL-Gp)
consisting of seven major glycoproteins, which are species-specific, has been
successfully used for antibody detection of T. solium cysticercosis in humans and
pigs (Tsang et al., 1989; 1991). The LL-Gp immunoblot has been applied in field
studies to detect porcine cysticercosis in endemic areas of Peru, Guatemala and
Mexico (Gonzalez et al., 1990; Allan et al., 1997; Sarti et al., 1997). The major

disadvantage of the test, however, is the complicated nature of antigen preparation
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and the cost and instability of the reagents involved during the production
(Rodriquez-Canul ef al., 1998). In addition, the equipment used is often unavailable
in many laboratories in developing countries where cysticercosis is endemic
(Rodriquez-Canul et al., 1997). Wilkins et al. (1999) developed an immunoblot
assay, to identify adult T. solium tapeworm carriers using excretory and secretory
antigens collected from in vivo cultured T. solium tapeworms. According to Wilkins
et al. (1999), the assay can be used to identify persons with current or recent T
solium tapeworm infections and provides a new important tool for epidemiological

purposes, including control and prevention strategies.
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2.9 Prevention and control of 7. solium infection

Sarti-G et al. (1992a) recommended that effective and long-lasting control of the
transmission of 7. solium from pigs to humans must include measures to deny pig’s
access to human faeces. Sarti-G ef al. (1992a) though, noted that such a change was
likely to be resisted because of the traditional and functional aspects of established
pig-rearing practices. Widdowson et al., (1999) reported that for an integrated
control strategy of cysticercosis to work, there must be recognition of the
interrelationship between risk factors for infection, for example husbandry, human
defaecation habits and village risk factors including access to clean water or markets

with meat certification.

Pal et al. (1999) stated that eradication of cysticercosis is possible by removing the
disease from either pig or human, or both. They further suggested that reform of
animal husbandry techniques, meat inspection procedures and adequate cooking of
pork are difficult approaches and of limited relevance in developing countries. Pal ef
al. (1999) further noted that in developing countries, pigs are free roaming and raised
by subsistence farmers who can not afford enclosed pens or proper animal feed, and

meat is sold off outside the abattoir system.

Carrique-Mas et al. (2001) recommended that to reduce the prevalence of human
cysticercosis more effective education and vaccination campaigns aimed at
preventing both 7. solium infection and cysticercosis were required. The use of
closed clean sites and improved human hygiene are still the most effective methods

of preventing pigs from infection.
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Though current efforts are centred on the control and potential eradication of the
disease, no control strategy has yet been proven effective and sustainable (Cruz et
al., 1989; Schantz et al., 1993; Sarti et al., 1997). However, Garcia et al. (1999)
suggested that the only proven way of eradicating cysticercosis is the improvement
of sanitary conditions, potable water and sewage connections as occurred in Europe
in the early 1990s. They, however, also noted that the economical and geographical
constraints make this impossible in the near future for most developing countries.
Garcia ef al. (1999) further suggested that in the meantime, other intervention
strategies such as chemotherapy or porcine vaccination may be useful and that
evaluation of these strategies will, however, require the use of appropriate
epidemiological indicators of T. solium environmental contamination like serological

testing of native or sentinel pigs.

Molinari et al. (1993) reported that studies on the role of vaccination in pig
cysticercosis are comparatively scarce and that they provide information on various
antigen preparations inducing some degree of protection in pigs. However, Sciutto ef
al. (1995) reported that vaccination of pigs against 7. solium cysticercosis should be

more explored before being massively applied.

Huerta et al. (2000) vaccinated pigs of mixed genetic make-up, and established that
there was effective protection to experimental challenge against T. solium
cysticercosis, since vaccination lowers the number of viable cysticerci capable of
developing into tapeworms. He further noted that since the pig is an indispensable
intermediate host, lowering the prevalence of pig cysticercosis through effective

vaccination could reduce transmission. Scuitto ef al. (1995) obtained similar results
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when they found that immunised pigs harboured more damaged cysticerci than
controls. Scuitto et al. (1995) concluded that immunisation does induce some
restrictions to parasite survival even if these were eventually overwhelmed by other

parasite-promoting factors.

Lightowlers (2003) reported that recent vaccination trials have been able to produce
a vaccine called TSOL18 against 7. solium cysticercosis. This vaccine has been
reported to offer 100% protection against T. solium cysticercosis infection in pigs.
Lightowlers (2003) stated that the future control of T solium infections lies in an
integrated approach, as a single control measure is unlikely to achieve effective and

long lasting control.
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CHAPTER THREE:

3. MATERIALS AND METHODS

3.1 Study areas and animals

3.1.1 Southern province

The Southern province of Zambia lies between latitudes 15° 14°S and longitudes 25°
E and 28° E. In this province, the study was done in Gwembe and Monze districts
(Figure 3.1). These districts were selected following a preliminary visit that was
made which indicated the presence of a lot of free ranging pigs in the area. Monze
district is located in the centre of the province, while Gwembe district forms the
eastern boundary of the province. Villages in Gwembe district are spread over very
large areas with very few isolated households separated by the hilly scrub
woodlands. The unimodal rainfall lasts from November to April on the plateau
(Mongze) and from October to February in the valley (Gwembe). Annual rainfall from
1995 to 2001 ranged from 329mm to 848mm (mean 636mm) in Gwembe and
524mm to 881mm (mean 735mm) in Monze. Mean annual maximum temperatures
in the same period ranged from 29.7°C to 31.1°C (mean 30.4°C) in Gwembe and
28.3°C to 30°C (mean 28.9°C) in Monze. The mean annual minimum temperatures
ranged from 19.4°C to 21.5°C (mean 20.5°C) in Gwembe with Monze having a range
of 13.6°C to 15.2°C (mean 14.2°C). On the plateau where Monze lies, much of the
Brachystegia “Miombo” and Acacia “Munga” woodlands have been cut down to
give way to agriculture, while Gwembe in the valley, Colophospermum mopane

“Mopane” and scrub woodland predominate (Mulofwa, et al. 1994).
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Figure 3.1 Map of Zambia showing the study areas in Katete, Petau

s ke, Gwembe
and Monze districts in Eastern and Southern provinces. '
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A total of 104 villages comprising 60 and 44 villages from Gwembe and Monze
districts respectively were visited. A total sample of 772 pigs from 412 households
was examined. In Gwembe district 385 pigs were examined from 209 households,
while in Monze district 387 pigs were examined from 203 households. All the pigs
were crossbreeds between Landrace and Large white breeds (Figure 3.2). The
common type of pig house is seen in Figure 3.3. In addition to keeping pigs, the
people of Southern province also keep cattle, goats, chickens, guinea fowls and

turkeys.

Figure 3.2  The Large white and Landrace cross breed pigs found in the rural
areas of Southern province
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Figure 3.3 A pig house (pig pen) found in Siang’andu village in Munyumbwe area
of Gwembe district in Southern province.

(Note the poor state of the pen which may allow pigs especially young
ones to escape).
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3.1.2 Eastern province

The Eastern province of Zambia occupies a triangular wedge between the Zambezi
Valley to the south and the Luangwa Valley to the north. It lies between latitudes
10°S and 15°S and between longitudes 30°E and 33°40’E. The study was carried out
in Petauke and Katete districts (Figure 3.1) which are found on the Southern half of
the province. The two districts were selected following a preliminary survey that was
conducted by Phiri, et al., (2002) which indicated presence of a lot of free ranging
pigs in these districts. The rainy season in this province starts in November and ends
in April. Annual rainfall from 1995 to 2001 in Petauke and Katete ranged from
740.3mm to 1067.2mm (mean 887.6mm). Mean annual maximum temperatures in
the same period ranged from 28.1°C to 29.4°C (mean 28.6°C) in the two districts,
while the mean annual minimum temperatures raﬂged from 16.7°C to 17.5°C (mean
14.2°C). The vegetation in Eastern province includes “Miombo” woodland
dominated by Brachystegia and Julbernardia species, the “Munga” woodland, where
the principal tree species are Acasia, Combretum and Terminalia and the “Mopane”
woodland with Colophospermum mopane being the dominant tree species (Berkvens

et al., 1998).

In Eastern province, the villages were very big with household very close to one
another due to village regrouping that was introduced in the first republic (Banda,
2003 personal communication). In many instances, it was very difficult to know the
village boundaries. A total of 51 villages from the two districts were visited. These
comprised 26 and 25 villages from Petauke and Katete districts respectively. A total

of 769 pigs from 388 households were examined. Out of these, 384 pigs were
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examined from 168 households in Petauke and 385 pigs were examined from 220
households in Katete. Eastern province is dominated by the indigenous breed called
Nsenga (Figure 3.4) and all the pigs examined were of this breed. In Eastern
province, pigs are normally kept in small shelters or Kraals called makola (kola =
singular) during the rainy season and are left free to scavenge during the dry season.
The common type of pig house is seen in Figure 3.5. Like in Southern province,

certain farmers in Eastern province also kept other types of livestock such as cattle,

goats and chickens.

Figure 3.4 The indigenous black dwarf (Nsenga) pigs found i
Eastern province.

—

n the rural areas of
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Figure 3.5 A typical pig house (kola) found in a village in Petauke district in Eastern
province.
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3.2  Study design

A multi-stage cluster sampling technique was used. Villages with pigs were treated
as primary units while the pig herds in the individual households were secondary
units. The tertiary unit was the individual pig in the herd as seen in Table 3.1. All

sampling at each stage was simple random.

Table 3.1 Multi-stage cluster sampling; showing the primary, secondary and
tertiary levels, the unit of sampling at each level and the sampling

method used.

Levels Units Sampling Method
Primary Unit Villages with pigs Random
Secondary Unit Swine Herds in the Households Random
Tertiary Units Pigs in the Herds Random

3.3  Calculation of sample size
The sample size to estimate the prevalence of porcine cysticercosis was calculated
according to Martin et al. (1987) from the formula:

Z*xPxQ

n= L2

Where: n = required sample size, Z = Z value for a given confidence level, P =
known or estimated prevalence, Q = (1-P), and L = allowable error. In this study a
95% confidence level with allowable error of estimation of 0.05 were used. Since

there is no known prevalence, P was estimated at 50% to give the maximum sample
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size. Therefore, n = 1.96?x 0.5x 0.5/0.05* = 384. Thus, at least 384 pigs were

examined for presence/absence of cysticercosis in each district.

3.3.1 Sampling

A total of 1,541 pigs from 800 households were examined. However, 788 farmers
were interviewed out of the 800 households visited.

Sows with advanced pregnancy, those that had recently furrowed and piglets were
excluded from the study to avoid stress in sows and false positives due to passive
immunity in pigs less than 6 months. The demographic characteristics of the pig
population such as breed, sex and age were determined at the time of blood
sampling. If the herd size (number of pigs in a household) was less than five all the
pigs that met our selection criteria from the randomly selected households had their
tongues examined and a blood sample collected. Fifty percent of pigs in the herd per
household were examined if the herd size was greater than five. A pig was classified
as young if it was less than one year and as an adult if it was one year or older. A
household was classified positive if one of the pigs examined was positive on any
one of the tests used in the study (i.e. tongue examination, Ag-ELISA and Ab-
ELISA).

3.4.1 Tongue examination

Presence of cysticercosis nodules or cysts was done by conducting tongue
examination (Figure 3.6). The pig was placed in a left recumbence if the examiner
was right handed and right recumbence if left handed. The pig was held by the neck
and firmly restrained with the help of three people. The first person held the hind

legs while the second person held the fore legs while the third person held the head at

36



the level of the pig’s ears. The fourth person was the examiner. A hard wooden stick
was used to open and maintain the mouth open. Using a mutton cloth for grip, the
tongue was pulled out, examined and palpated all along its ventral side for the
presence of cysticercosis nodules. A cyst was classified as either “Live” (Viable) if it
was translucent, thin-walled and fluid-filled cyst containing a visible invaginated
whitish protoscolex (Figure 3.6) or “Calcified” if it was degenerated and caseous in

appearance. .

Figure 3.6 Taenia solium cysticerci (cysts) as seen on the ventral aspects of the
tongue (arrow) of an infected pig.

(Note that most of the cysts seen here were live).
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3.4.2 Blood collection and serum separation

The blood samples were obtained from either the external jugular vein or the cranial
vena cava (Figure 3.7) into plain blood collecting tubes and allowed to clot in a cool
box. Three persons restrained the pig in dorsal recumbence. The first person held the
hind legs while the second held the fore legs with the third person holding the head
by the level of the mandible. The fourth person then collected blood using an 18
gauge needle and a 20 ml syringe. The right side of the neck of the pig was preferred
for blood collection because on the left side, the left phrenic nerve occupies a more
vulnerable position, while the unpaired thoracic duct is also more to the left (Dyce et
al., 1996). To obtain serum, the clotted blood was separated by centrifugation at
3000 rpm for 15 min. The supernatant (serum) was dispensed into 2 ml aliquots and

stored in labelled vials, which were frozen at -20°C until use.

Figure 3.7 Blood collection from the cranial vena cava of a pig.
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3.4.3 Cyst fluid collection and determination of its protein concentration for
Ab-ELISA

Taenia solium cyst fluid (TsCF) was used as antigen for the Ab-ELISA. TsCF was
collected according to the method developed by Ito (1998) with minor changes.
Fresh cysticerci were collected by dissection from host tissues of heavily, naturally
infected pigs. The cysts were then washed repeatedly in phosphate buffered saline
(PBS). The excess PBS was removed by spreading the cysts on Whitman’s blotting
paper No. 4 (Figure 3.8b). The cysts were then ruptured individually using a sterile
scalpel blade on a Petri dish slanted at approximately 30° angle so that the TsCF
could be collect at the bottom of the dish. The TsCF was centrifuged at 3200 rpm for
30 min to remove tissue debris from the ruptured cysts and was collect as
supernatant. The TsCF supernatant was aliquoted into 2ml vials and stored at -20 °C

until used as TsCF antigen in the antibody ELISA.

To determine the protein concentration of the cyst fluid, Phosphate Buffered Saline
(PBS) pH 7.2 was used as a reference. Two cuvettes were filled with PBS and the
spectrophotometer was set on 280 nm for zero setting. One of the reference cuvettes
was left on the spectrophotometer and the other cuvette was replaced with a cuvette
filled with the T. solium cyst fluid. Readings at OD 280 nm and OD 260 nm were
done and the protein content in mg/ml was calculated using the following formula:
[(OD280 nm x 1.5) — (OD260 nm x 0.76)] x dilution = mg protein/ml (Dorny,

personal communication).
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7,- o e,
Figure 3.8 Cysts collected from tissues of naturally infected pigs. Shown (a)
cysts spread on Whitman’s blotting paper No. 4 (b) during removal of
excess PBS prior to being ruptured.
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3.4.4 Pre-treatment of serum for Ag-ELISA

The Ag-ELISA, which was initially developed for 7. saginata cysticercosis (Brandt
et al., 1992), was performed as described by Dorny et al. (2000) with slight
modifications. The sera were pre-treated using freshly prepared 5% trichloroacetic
acid (TCA) (Sigma, Chemical Co.) w/v dissolved in distilled water. Pre-treatment
was done in order to remove non-specific immune-complexes to increase the
specificity and sensitivity of the assay. A 5% TCA solution was prepared by
dissolving 1 gram of TCA in 20 ml of distilled water. The serum samples were thus,
pre-treated by mixing an equal volume of serum and 5% TCA. For the negative
control sera, 75 ul of serum was used while 150 pl of serum was used for the pre-
treatment of positive control and the test sera. These mixtures of sera and 5% TCA
solution was incubated for 20 min at room temperature. After incubation, the mixture
was centrifuged at 12,000 rpm for 9 min and the supernatant of the same volume of
the added sera was removed and aliquoted into microtitre tubes. The pH of the
collected supernatant was raised by adding an equal volume of 75 pl sodium
carbonate/bicarbonate buffer (0.610M) at pH 10.0 (neutralisation buffer) to the
supernatant of the negative control sera and 150 ul neutralisation buffer to the
supernatant of positive control and the test sera. 100 pl of this mixture at final serum

dilution of 1: 4 was used in the Ag-ELISA protocol.
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3.4.5 Enzyme-linked-Immunosorbent Assay protocols

Serum samples were examined for circulating 7. solium cysticercal antibodies (Ab-
ELISA) according to Pouedet ef al. (2002) and for presence of T. solium cysticercal
antigens using a monoclonal antigen-based double sandwich enzyme-linked

immunosorbent assay (Ag-ELISA) as done by Phiri et al. (2002).

J4.5.]1 Enzyme-linked immunosorbent assay for the detection of antibodies
against T. solium cysticerci (Ab-ELISA)

The Ab-ELISA was conducted as described by Pouedet et al. (2002) with minor
modifications. The optimal dilution of the antigen, serum and conjugate was
determined by serial titrations. The assay involved coating polystyrene 96 well
ELISA plates (Nunc® Maxisorp) with 100 pl per well of cyst fluid antigen diluted at
1/1000 (5.4 pg/ml) in carbonate buffer (0.06 M, pH 9.6), and incubating at 37 °C on a
shaker for 30 min. The plate was washed once with PBS-Tween-20 (phosphate
buffered saline + 0.05% T20) and then dried by beating the plate vigorously on
blotting paper. Blocking to avoid non specific reactive sites was done by adding 150
ul per well of PBS-T20 + 1% new born calf serum (PBS-T20/1% NBCS), and then
the plates were incubated at 37°C on a shaker for 15 min. After incubation, the plates
were emptied and dried. Without washing the plate 100 pl of test sera diluted at
1/200 in PBS-T20/1% NBCS was added and incubated on a shaker at 37°C for 15
min. After washing the plate twice, 100 pl of peroxidase conjugate, rabbit anti-pig
IgG, (SIGMA) diluted at 1/20,000 in PBS-T20/1% NBCS was added and incubated
at 37°C on a shaker for 15 min. The wells were then washed twice after which they
were dried. Two tablets of the chromogen/substrate, orthophenylene diamine (OPD)

(DAKO, #S2045) were added to 12 ml of distilled water, to which 5 pl of H;O, was
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added. 100 pl of this solution was added to the wells following which plate was
incubated at room temperature for 15 min in the dark without shaking. The final step
involved stopping the reaction by adding 50 ul of 4N H,SOj4 to each well. The plates

were read using an ELISA reader (Labsystem Multiskan RC) at 492 nm.

3.4.5.2 Enzyme-linked-immunosorbent assay for the detection of circulating
antigens against T. solium cysticerci (Ag-ELISA)

The Ag-ELISA was conducted as described by Phiri et al. (2002) with minor
modifications. Two monoclonal antibodies (MoAb) were used thus the name double
sandwich ELISA as the technique involves trapping the antigen (Ag) between two
monoclonal antibodies. The MoAb were obtained from Prince Leopold Institute of
Tropical Medicine, Nationalestraat 155, B-2000 Antwerp, Belgium. The assay
involved coating polystyrene 96 well ELISA plates (Nunc® Maxisorp). Monoclonal
antibody B158C11A10 was used as first MoAb and a biotinylated MoAb B60H8A4
was used as detector antibody (second MoAb). The plate was coated with 100 pl of
MoAb B158C11A10 diluted at 5 pg/ml in carbonate buffer (0.06 M, pH 9.6) and
incubation was carried out at 37°C on a shaker for 30 min. After coating, the plates
were washed once with PBS-T20 and dried by beating the plate vigorously on
blotting paper. Blocking to avoid non-specific reactive sites was done by adding 150
ul per well of PBS-T20/1% NBCS and then the plates were incubated on a shaker for
15min at 37°C. There after plates were emptied and dried. Without washing the plate,
100 pl of pre-treated sera at a dilution of 1/4 was added and incubated at 37°C on a
shaker for 15 min. After washing the plate five times it was dried. 100 pl of

biotinylated MoAb B60H8A4 diluted at 1.25 pg/ml in PBS-T20/1%NBCS was
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added and the plate incubated at 37°C on a shaker for 15 min. After this, the plate
was washed five times with PBS-T20 and then dried. 100 pl of streptavidin-
horseradish peroxidase (Jackson Immunoresearch Lab, Inc.) diluted at 1/10,000 in
PBS-T20/1%NBCS was added to act as conjugate after which the plate was
incubated on a shaker at 37°C for 15 min. Two tablets of the chromogen/substrate,
orthophenylene diamine (OPD) (DAKO, #S2045) were added to 12 ml of distilled
water, to which 5 pl of HyO, was added. 100 pl of this solution was added to the
wells and incubation was done at room temperature for 15 min in the dark without
shaking. To stop the reaction, 50ul of 4N H,SO, was added to each well. The plates

were read using an ELISA reader (Labsystem Multiskan RC) at 492 nm.

3.5 Investigation of risk factors

A questionnaire (Appendix 1) was developed and used to collect information on risk
factors and other related information from pig farmers. The questionnaire was orally
administered by veterinary assistants in charge of the respective areas using the
native language. A number of households in each village were randomly selected
depending on the willingness of the farmers to participate in the study. Data collected
included (i) the number of pigs owned, (ii) general management with particular
emphasis on types of husbandry practices, (iii) type of feeds, (iv) the main aim of
keeping pigs, (v) the number of household inhabitants and their level of education,
(vi) their knowledge on taeniasis and cysticercosis, (vii) peoples feeding habits, with
particular attention to pork consumption, (viii) their source of drinking water, (ix)

presence and usage of sanitary facilities especially toilets, (x) specific questions
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regarding medical history related to the presence of helminthiasis and/or symptoms
suggestive of neural disorders in the family and the entire community in the village.
3.6  Statistical analysis

The optical density (OD) of each serum sample was compared with a series of
reference negative serum samples (» = 8) at a probability level of p = 0.05 to
determine the cut-off using a modified-Student #-test (Sokal and Rohlf, 1981).

The SPSS (Version 11) and Epi-info 2002 software were used for statistical analysis
and included chi-square (fisher’s exact test and Yates corrected) to assess the
association between porcine seropositivity and the different variables at 95%
confidence level. Using the Kappa test, the tests were compared two by two in order
to find out the agreement between the tests in the detection of porcine cysticercosis.

The results of each test were also correlated.
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CHAPTER FOUR:
4. RESULTS

4.1 Prevalence of porcine cysticercosis

4.1.1 Overall

A total of 1541 pigs were examined as described in chapter three. Of these, 772 and
769 pigs were from Southern and Eastern provinces, respectively. Of the total pigs
examined, 171 (11.1%) were found positive on tongue examination, 574 (37.2%) on
Ab-ELISA and 376 (24.4%) on Ag-ELISA. Pigs in Southern province had a
significantly higher 117 (15.2%) prevalence (x> = 25.01, p< 0.001) than those in
Eastern province which had a prevalence of 54 (7.0%) on tongue examination
(Figure 4.3). Ab-ELISA analysis gave a total prevalence of 37.2% and, there was no
difference observed between Southern and Eastern provinces which had 287 (37.2%)
and 287 (37.3%), respectively (Figure 4.1 and Table 4.1).

The Ag-ELISA assay gave a total porcine cysticercosis prevalence of 376 (24.4%).
The Ag-ELISA results showed that Southern province with 234 (30.3%) had
significantly higher (3* = 28.67, p < 0.001) prevalence than Eastern province which
had 142 (18.5%) (Table 4.1 and Figure 4.1). The tongue examination results showed
similar trend to the Ag-ELISA giving 15.2% and 7.0% for Southern and Eastern

provinces, respectively.
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