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ABSTRACT

Pig production and pork consumption have increased significantly in
Cambodia during the last decade. Concurrent with the increases in smallholder pig
keeping and pork consumption, there have been problems with zoonotic parasitic
diseases, especially porcine cysticercosis, trichinellosis and others in some rural
districts of Cambodia. Porcine cysticercosis caused by the human tapeworms 7aenia
solium and T. asiatica as well as trichinellosis caused by different Trichinella species
and were ones of the most serious parasitic zoonoses leading additionally to a high
economic loss. The objectives of this study were to determine prevalence and identify
predilection sites of 7. solium cysticercosis in pigs as well as to determine additional
occurrence of 7. asiatica cysticercosis (viscerotropica), determine sero-prevalence of
trichinellosis using larval E/S antigen ELISA and retrospectively collect data on the
occurrence of neurocysticercosis in humans in selected hospitals in Phnom Penh/
Cambodia. The study involved a slaughterhouse survey of 432 examined pigs for
porcine cysticercosis and 440 pig serum samples for trichinellosis at four
slaughterhouses in Phnom Penh, where pigs were delivered to slaughterhouses from
29 districts and 3 intensive farms in nine provinces. Lingual examination of live pigs
and meat inspection of their carcasses used were as parameters to measure infection.
Out of the 432 pigs examined at the slaughterhouses, 6.71 % (29/432), 95% CI (4.54-
9.48) and 10.87 % (47/432), 95% CI (8.10-17.2) were found positive by lingual



vi

examination and meat inspection, respectively. Moreover, out of 440 pigs examined at
laboratory investigation for trichinellosis, 5 specimens [1.13%, 95% CI (0.36-2.63)]
were sero-positive by AB-ELISA and 5 sera (1.13%) were suspected (doubtful). The
questionnaire survey revealed poor pig husbandry practices, absence or missing of
meat inspection and disease control, poor knowledge about diseases and poor
sanitation in some rural districts of Cambodia. In addition, the degree of infection to
harbour cysticerci by organs and muscles was determined in 47 positive pig carcasses
and was categorized two types: low (Less 100 cysts per organ) and high (More than
100 cysts per organ). As a result, it was found that the contaminated organs of low the
degree of infection ranged from 8.9% to 100% and these organs of high the degree of
infection estimated at 24.3-91.1 %. Cysticerci were not detected in livers of infected
pigs. Samples of cysticerci taken from other infected organs or muscles were
identified microscopically as 7. solium cysticerci. Retrospectively survey data on
human neurocysticercosis in hospitals around Phnom Penh of Cambodia revealed that

cases were not recorded due to lack of knowledge and diagnostic facilities.

It can be concluded that the study found porcine cysticercosis and trichinellosis
were endemic in some rural districts of Cambodia. These findings have contributed to

a better understanding of the epidemiology of these two diseases.
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1. INTRODUCTION AND OBJECTIVES

1.1 General overview

The Kingdom of Cambodia, one of developing countries inhgeast Asia,
occupies a territory of some 181.035 square kilometer$) gl is home to a rapidly
growing (growth rate: 3.8%) population in excess of more 13amifNIS Census,
1998, FAO, 2003). It shares its frontier with Thailand, Laos Vdetham, with the
Gulf of Thailand serving the other boundary. The country is divididirastratively
into 24 provinces including Phnom Penh municipality. It is a cguhiat is highly
varied in economic development, living condition (standards) acdlsbenefits.
Moreover, Cambodia is poorest and least developed in agriculinoaktries,

especially in livestock production and veterinary services (F&09).

Cambodia's climate- like that of the rest of Sowhéaia is dominated by the
monsoons, which are known as tropical wet and dry because of tmettistharked
seasonal differences. This climate is governed by two monsoo@scdol, dry
northeastern monsoon from November to March, and the humid southwestern
monsoon from May to October. The monsoon airflows are caused by llgnnua
alternating high pressure and low pressure over the Centiah Asndmass. In
summer, moisture-laden air, the southwest monsoon, is drawn lehdwan the
Indian Ocean. The flow is reversed during the winter, andntrtheast monsoon
sends back dry air. Temperatures are fairly uniform througlheuTonle Sap Basin
area, with only small variations from the average annuaanmef 25°C. The
maximum mean is about 28°C while the minimum mean is about. 22&&imum
temperatures of higher than 32°C, however, are common and, jast bee start of
the rainy season, they may rise to more than 38°C. Minimurpetertures rarely fall
below 10°C. January is the coldest month, and often reachirf@ 48pril is the
hottest month (FAO, 1999).



The total annual rainfall average is between I@D 150 centimeters, and the
heaviest amounts fall in the southeast. The relative humidithigh at night
throughout the year; usually it exceeds 90 percent. During thimgayn the dry
season, humidity averages about 50 percent or slightly loweit,rhay remain about
60 percent in the rainy period (FAO, 1999; FAO 2003).

1.2 Livestock production and pork demands in Cambodia

Cambodia is characterized by its agricultural domahich employs over 80 %
of the population. Around 46.4 % of the agricultural Gross DomEstiducts (GDP)
and 14.4 % of the total GDP are estimated to be froestock production. But its

role in national economy is far above the figures suggested (C208LsMAFF).

In reference to the Department of Animal Health and LoastProduction Census
2002, it is estimated that the country has 2.9 million esa@tlé million buffalo, and
2.1 million pigs (Census of DAHP, 2002). The animal production ig pldys an

important role for supplying domestic demands. The annual growtlpeatspecies:

cattle 2.4 %, pig 2.5 % and poultry 5.6 % (Census, MAFF, 2000; FAO, 2003)

Over 80 % of Cambodian farms are in rural aredsraise pigs, cattle, buffalo
and poultry for draught power, food consumption and generating incoeresys,
MAFF, 2000).

The annual production of meat and percentage of gratghare estimated
approximately: beef 69,900 metric tons (6.1%), pork 105,000 tons (5p@altry
20,400 tons (1.8%) and milk 25100 tons (4.4%). Moreover, annual consuraption
percentage of growth rate are: beef 60,100 tons (4.8%), pork 102,5004t6hs
poultry 24,700 tons (3.9%) and milk 47,200 tons (10.6%), (FAO, 2003).

Livestock production in Cambodia is mostly marginal duefrée ranging

conditions, feed shortages for the greater part of the ywedespread occurrence of



animal diseases, low educated people, poor genetic potentienicygnd husbandry
practices as well as underdeveloped infrastructure and nmyyleystems. In addition,
slaughter slabs and slaughterhouses in Cambodia have not beeartitat] due to

a lack of hygienic concerns, missing or improper disease congasures, inspection

and prevention, and underdevelopment (Report of MAFF, 2003).

Among the many prevalent animal diseases, parasitepresents major
problems. Of the various parasitic diseases, porcine cysigieand trichinellosis are
considered to be two of the most important zoonosis (Flets#r, 2004; La Rosat
al., 1998).

1.3 Porcine cysticercosis and trichinellosis

Porcine cysticercosis caused by the human tapewdaasa solium and T.
asatica as well as trichinellosis which is caused by nematodeeigenudrichinella
were two of the most serious parasitic zoonosis leading himta economic loss.
These two helminthic zoonoses are widespread over the veaddsring mainly in
rural areas of underdeveloped countries where the hygienic comsditind health
education are low. The prevalence is fostered when pigsaredr traditionally and
have access to free running areas outside (Deray., 2004; Garciat al., 2005).
Porcine cysticercosis and human taeniosis are mainly known in regiene pork is
consumed predominantly. Main focuses are in Central Amehitea and Asia. In
the Indochina region many investigations on this subject have beeindiweerecent
past, whereas in Cambodia no detailed data concerning parystieercosis and
trichinellosis and their zoonotic risk have been published icente times.
Consequently, the epidemiological and veterinary public healtictzspiethe diseases
are poorly worked out in most countries of Asia such as Cambodia. @athe
prevalence of porcine cysticercosi$aenia asiatica and trichinellosis in most
countries of Asia are not available or are of questionablabigy. Moreover,
reliably estimated prevalence d&enia solium cysticercosis by overview is 10% in
Cambodia, 8% in Vietnam, 11% in Thailand and 10% in Laos (Shgh, 2002). In



China, the sero-prevalence of trichinellosis in humans byEAESA has been found
to be approximately 4.01% and sero-prevalence in pigs is araG#al (Liu et al.,
2002).

Therefore, the main goals were to identifyergcprevalence of porcine
cysticercosis and trichinellosis in pigs in differentaareof Cambodia using several
methods such as tongue palpation, visual meat inspection, lassWethinella larval
E/S antigen ELISA test.

1.4 Objectives of the study

As a basis of assessing these problems, basgystata is required. Such data
are necessary to carry out for the design and possible memodation of control
measures and prevention. Therefore the important objectivtbe present study are

to:

1. Determine prevalence and identify predilection sites Tof solium
cysticercosisin pigs by ante and post mortem examination as well as

determine additional occurrenceTofasiatica cysticercosis\iscerotropica).

2. Determine sero-prevalence of trichinellosis usifgchinella larval ES
antigens AB- ELISA.

3. Retrospectively collect data on the occurrence of neurceysisis in

humans in selected hospitals in Phnom Penh / Cambodia.



2. LITERATURE REVIEW

2.1 Taenia solium complex

2.1.1 General overview

Porcine cysticercosis is a parasitic zoonotic diseapigs caused by the larval
form of the tapewormTaenia solium that is transmitted between pigs and humans as
well as among human being (Ngoestial., 2004).

Man is the only natural definitive host while pige &he natural intermediate
hosts. When humans eat the larval stage in raw or inadequatdgd infected pork,
an adult tapeworm develops in the small intestine resuhiioga condition known as
taeniosis. Gravid proglottids or worm eggs are released@mé out with feces from
tapeworm carriers and may contaminate environments in casecohtrolled fecal
disposal. When the pig ingests infective eggs, the oncosphateh and develop into
the larval stageQysticercus cellulosae) in muscles and organs, completing the life
cycle of the infection stages for humans, resulting in a dondknown as human

cysticercosis (Soulsby, 1982).

The tapeworm eggs are also infective if ingestedumans as in pigs; they
develop into cysts, which are found in the muscles and in nervssiset The
cysticerci may lodge in the brain causing cerebyaticercosis (neurocysticercosis), a
very serious zoonosis-causing headache, epileptic seizuregpsypil mental
disturbance and death (Garogh al., 1997; White, 2000). Neurocysticercosss
recognized as a serious zoonosis of public health concern becaassas disability
of the infected persons and may be fatal if left untreédO, 1979). Studies from
countries where neurocysticercosis is endemic have shown thkab0po of all cases
of adult-onset epilepsy cases globally are due to neurocysiterand that the
prevalence is rising (Tsang and Wilson, 1995). In addition, porcysécercosis

represents one of the most important constraints to increaggurq@uction in the



developing world, especially affecting the economic and nutritive#l being of the
rural poor and veterinary public health importantesolium causes great economic
losses in the pig industry due to condemnation of infected cascadserery
conservative and rough economic estimate indicates that thel dosses due to
porcine cysticercosig developing countries are millions of Euros per year (£oli
al., 2003).

The transmission @f. solium is associated mostly with environments with low
socio-economic or low sanitary hygienic concerns, deficientagnigcilities, poor
meat inspection and control or poor pig husbandry practices whgsecan gain

access to human feces (Pleiral., 2002).

Infection withTaenia solium is widely prevalent in humans and swine hosts and
most common in many developing countries of Latin AmericajcAfrand Asia
(Plancarteet al., 1999). However, with tourism and increasing migration of peopl
harboring tapeworms, human cysticercosis is now transmittettiwide and it is
considered as an emerging disease in the United Statdsarfica (Flisseret al.,
1998; Schantzt al., 1998). Human cysticercosis has been reported in non-pork
consuming communities including an Islamic community and an Orthddaxsh
community (Schantzet al., 1992). In India, more than 95% of patients with

neurocysticercosiare vegetarians or do not consume pork (Rajshedtfzr, 2003).

Small-scale producers in rural areas raise pigston free ranges. Organizations,
private companies and schools within an intensive system, hgweige a small
fraction. Land scarcities, rapid turnover of the pigs, amgeiased pork consumption
in some urban areas of the country have contributed to thease in the rural pig
production. Most of the pigs in small-scale farming are allotwestavenge, looking
for their foods especially when there are no crops in the. fishe majority of these
pigs only spend the night in poorly constructed houses. This martdisposes pigs

to malnutrition, intake of human feces, and various infections.



2.1.2 Morphology

An adult cestode always lives as a single imtigglle of the small intestine. The
adult tapeworm grows up to 5 meters in length. The heacbtexsis armed with four
suckers and rostellar hooks, an elongated neck and strobilatrobéa is segmented
in proglottids containing male and female reproductive organsiniimature, mature
and gravid proglottids differ from each other in size, slapmkstage of development.
The mature proglottids are almost rectangular up to 12 mmmgthelocated towards
the very distal end of the strobila and each is packddamituterus full of eggs (Singh
et al., 2002). The gravid segments have 7-13 lateral uterus braaobebey do not
usually leave the host spontaneously, but leave passivelyimschih the feces,e.,
gravid proglottids detach from the strobila by apolysis. The ohas three lobes,
there is no vaginal sphincter muscle and the cirrus sao@xto the excretory vessels
(OIE, 2004).Taeniid eggs are round or sub-spherical in form, measure approximately
30-45 pm in diameter and are characterized by a thick browhé&hcentaining an
oncoshere 30x2Qim in size, bearing 3 pairs of hooklets. The adult tapeworm can
shed up to 3,000,000 eggs daily. Each gravid proglottid of d@pewtorm has
approximately 40,000 eggs (De-Bittencoetrél., 1996; Hoberg, 2002)

2.1.3 Life Cycle

The life cycle ofraenia solium includes different developmental stages:
(a) Pre-adult: a stage after ingesting the cysticeaus growing up to mature (pre-
patent period)
(b) Adult: the reproductive stage with mature proglotids (patemqgjer
(c) Egg: a small embryo covered by an embryophore and a thick ahstage
responsible for dissemination to the external environment sogvivp to one
year.

(d) Oncosphere: a hexacanth embryo, which migrates from the netéstinternal

tissues or organs within the intermediate host.



(e) Post-oncosperal form: the migrating intermediate stalyeeba an oncosphere in
the tissues and fully developed cysticercus.

(f) Cysticercus: a bladder metacestode form with one inveginacolex that
parasitizes tissues of the intermediate host, mainly pighamans (Singlet al.,
2002).

T. soliumrequires two hosts to complete its life cycle.

Development in pig: A human infected with an adagetvorm excretes eggs or
gravide proglottids into the environment through feces, and the @aggssurvive
outside for several months up to one year. Pigs become inteciadesting the eggs
or proglottids via contaminated food or water. The oncosphereb matihe small
intestine under influence of gastric and intestinal juipesietrate the intestinal wall
into the blood, venous vessels or lymph system, and then arbudedrby circulation
to the muscle via liver, lung, heart and CNS where thewarp to cysticerci. Cysts
have different sizes depending on the period of infection,ek@mmple 20 days-
pinhead, 60 days-pea with the head visible and up to 2-3 monthgstisecontaining
a translucent bladder with the invaginated scolex, surroundedchysale of host

connective tissue (Josephal., 1999).

Development in humans: Humans can become infecthdheitadult tapeworm
by eating raw or uncooked pork containing cysticerci or infestéth the larval
tapeworm by accidentally ingesting. solium eggs from the environment or
contaminated food and water, which develop into a single aduthvinhabiting in
the small intestine. After ingestion of cysticercus, thelex evaginates and attaches
to the mucosa of the small intestine. Proglottids develop frebase of the neck.
The mature proglottids are 1 cm wide, 1.2 cm long, and 2—-3huk Eggs and/ or
proglottids are shed intermittently in the stool. Tapewormiers usually note few
symptoms other than observing proglottids passed with stoolrettx is
intermittent, thus stool examinations for ova can be negatluenan cysticercosis,
however, results from ingestion of ova shed by a human tapewamer. Close

personal contact with or perhaps food preparation by a tapewarierds noted in



most cases. Autoinfection may also occur. In the intestinedarvae hatch from
Taenia eggs, penetrate the intestinal mucosa, enter the bloodnsineigrate to the

tissues, and develop into cysticerci in muscles and also in Mt 2000).

Cysticercus can develop in muscles and in the brainhdnlatter organ, different
types of cysticercexist in CNS called neurocysticercos: sterile (unfertii@tile, or
cluster-shaped cysts, which are called Cysticercus racsm8smetimes, they reach
infectivity also in other organs such as the eyes and suboutatissues (Boteret
al., 1998).

2.1.4 Pathogenicity and clinic

(a) Symptoms in pigs with cysticercosis: Infeqigg$ are usually asymptomatic
except in heavy infection pigs may have muscular stiffnesspasdible loss of

condition.

(b) Symptoms in humans with cysticercosis: Symptorag appear months to
years after infection, usually when the cysts are in thegss of dying and calcifying.
Symptoms will depend on the location and number of cysticetcuariaus sites of
body.

Cysticerci in muscles: Humans can be affected directlthbyeggs of. solium from
environment or autoinfection by tapeworm carriers growing to lkea cysts in
different muscles or subcutaneous tissues, called musdleetgssis. Humans with

cysticercus in muscles do not have symptoms of infection.

Cysticerci in the eyes: Eye infection can cause blurry arilised vision in the cyst
stage. Infection may also cause swelling or detachment oétine (Cardenast al.,
1992).

Cysticerci in the brain and spinal cord: Neurocysticercisig severe disease.

Symptoms depend upon where and how many cysticerci are found inaine br
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Seizures and headaches are the most common symptoms. Veeenh#ppen, the
brain can swell. The pressure caused by swelling is whatesam®st of the
symptoms of neurocysticercosis. However, confusion, lack aftatteto people and
surroundings, difficulty with balance, swelling of the brainlliézh hydrocephalus)
may also occur. Death can occur suddenly in the case epspilike symptoms in
heavy infections (white, 2000). Inactive: is located in pefmgmal calcification
enhancement and chronic hydrocephalus. A typical symptom is seizné
symptoms of increased intracranial pressure (White, 2000)veAcis located in
parenchymal, ventricular, subarachnoid (cisternal), ocular, Ismobharachnoid
radiculopathy or myelopathy and spinal intramedullary. Typicahpgms are

seizures, hydrocephalus, stroke, visual changes and myelopathy, (X00@).

(c) Adult tapeworm infection in man: The firgirgotom is itching around the
anus due to the migrating proglottids. Other clinical signtudec abdominal pain,
digestive disturbances, diarrhoea, constipation, nervousnessganand vomiting as
well as loss of weight (Garcet al., 1999).

2.1.5 Epidemiology

Porcine cysticercosis is worldwide in distributidaenia eggs are very highly
resistant and can long live in the environment (Schantz, 2002).m&ain source of
infection of pigs is pollution of the environment by sewage and uralmd
distribution of human feces. Free-range pigs with the disposafeztted human feces
particularly in rural and suburban areas, the poor hygiene, low temluead the lack
of or improperly conducted meat inspection in urban areas leadigh prevalence
(Martin et al., 1987; Singlet al., 2002).

Autoinfection in humans: Cysticercosis in man rakp be acquired by direct
transfer of T.solium eggs from the feces of individuals harboring an adult worm
through internal and external autoinfection. External autoinfectigiemfecal-oral
infection with T. solium eggs in an individual with intestingdeniosis. The reason is

neglect of hygienic standards such as washing hands afteratigfeand before
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consuming meals. Internal autoinfection implies infectiorhveiggs through reverse
peristalsis and appears improbable since eggs are reqoingass through a brief
period of peptic digestion that is necessary for disintegradf the embryophores
before being invasive to human tissues. Autoinfection e ahused vomiting and

swallowing proglottids offaenia solium carriers (Garcia-Novadt al., 1996).

Taenia solium cysticercosis has long been recognized as highly endemidiin La
America. However, in the past few years more data bageme available from Asia
and Africa, which reveal that the prevalencd& ofoliumin these continents is as high
as or higher than those in Latin America (Geerr., 2002; Itoet al., 2002; Singhet
al., 2002)

Transmission may occur in the highly endemic ruedsin Asia, where pigs
usually get infected by food or roaming in areas contaminatéditman feces (which
can come from sewage water or direct pollution). It has beessed thaf. solium
cysticercosis in Asia manifests as both neurocysticercasid subcutaneous
cysticercosis. In Japan and South Korea as well as Centrgp& where hygiene is
good,T. solium has been eradicated (Pawlowski, 2002; Gilretaal., 1999).

Occurrence of neurocysticercosiseurocysticercosis is highly prevalent in
developing countries, where it constitudeserious public health problem. Millions of
people are affected blaenia soliun/cysticercosis in Latin America, Asia and Africa,
where the disease is a factor in the relatively high peaga rate of epilepsy (Preux
et al., 1996). Neurocysticercosis is commonly found in India, ChBentral and
South America and Mexico as well as Southeast Asia countraesil people live
with pigs, which scavenge and are therefore infected eydticerci of T. solium
(Gemmellet al., 1983; De-Alujeet al., 1998). Eating dog meat is still not rare in Asia,
especially in Korea, China and Vietnam, some parts of Indonesiading North
Sumatra, Java, Sulawesi, and Papua. Therefore the life af/@. solium could be
maintained through the dog-human cycle as well as the pig-humée logcause
exceptionally,cysticercus cellulosae can develop in dogs and cats (Gonzadeal.,

1994). The situation withT. solium taeniosis/cysticercosis in other islands in
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neighbouring countries, including East Timor and Papua New Guineds rie be
studied (Geertst al., 2002).

2.1.6 Diagnosis

Diagnostic methods of confirmation focus on:

Human taeniosis: The specimens usually required i&gndsis are feces or
bloods.
Adult tapeworm infection: Adult cestodes can be expelled frofacied humans
using an antihelminthic followed by a purgative and are idedtidie the basis of a
single proglottid or chains of segments migrating through the &masidition, DNA
probes and polymerase chain reactions (PCR) by Usiaga material in feces can
differentiate humaraenia spp. Today, several methods have been used to identify

Taenia eggs for the diagnosis ®aenia solium:

(a) Detection of eggs: Eggs or embryophores with a thiciatesti, brownish
shell can be detected using different methods. The simplesdanecis the flotation
method with a saturated salt solution to detect the eggs insgtecimens or excreted
proglottids (Allanet al., 1996; Rodriguez-Canugt al., 1999). Taenia solium eggs,
however, can not be distinguished from the eggs of ofhenia species,.e, T.

saginata andT. asiatica.

(b) Identification of proglottids: Worms can be obtained from egsjtive
humans by giving anthelminthic drugs followed by a purgativeerAétively,
proglottids sometimes appear in feces. Species identificagiaone by injecting
India ink into the uterus of gravid proglottids and counting the nurobéateral
uterine branches. For mature proglottids, carmine stain retrealsumber of ovarian
lobes (Morakoteet al., 2000).
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(c) Copro-antigen detection: AdulTaenia infections in humans can be
recognized by detection ofaenia antigen in human feces using antigen-capture
enzyme-linked immunosorbent assay (Ag-ELISA), but the test dokedifferentiate
species (OIE, 2004). This method greatly improved conveniemdes@nsitivity in
comparison with the detection of eggs in stool specimens. ©wttter hand, this
method is very costly and is not commercially available.

(d) Antibody detection: Immunoblot assay for the detection of antibodies

againsfTaenia solium has been developed (Wilkiesal., 1999).

Currently, both the copro-antigen test and immunobloy assavery useful for
the detection of taeniosis patients, with confirmation of Begeworms by

morphology as well as DNA analysis recommended.

Human cysticercosis: Imaging techniques and biopskieotissues containing
parasites provide direct diagnosis of cysticercosis. Altimelg, Ag-ELISA, antibody
AB-ELISA, and immunoblot provide indirect diagnosis.

(a) Tissue biopsy: specimens of subcutaneous or brain tiaseesometimes
removed surgically. Tissue section and stain in patholofgibaratory reveals scolex
with hooks typical ofT. solium cysticercus.

(b) Imaging techniques: usually, the diagnosis of neurocysticeraasi be
determined on the presence of cysts or typical calcificationmdgnetic resonance
imaging (MRI) or computerized tomography (CT) scan. In theical practices,
computerized tomography (CT) scan and magnetic resonancengr(®frl) are used
to detect the exact locations and viabilityTofsolium metacestodes. Calcified cysts
are also detected by radiography (White, 2000).

(c) Serological detection: several serological techniquesused for detection
of anti-cysticercus antibodies such as ELISA and immunoblot. eédexry not all
cysticercosis patients are positive. For neurocysticercabis, enzyme-linked
immunoelectrotransfer blot (EITB) or immunoblot assay is higspecific and

commercially available (OIE, 2004).
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(d) Molecular technique: while PCR tests have been usedlyafge the
differentiation of adult taeniids in humans, they could be usefyplied to identify

species of metacestode infection too.

Porcine cysticercosis: Diagnosis of cysticercosigigs can be difficult due to
short life and absence of symptoms and may require sevetialgtesethods as

follows:

(a) Ante mortem procedure: Palpation of tongues in living asinparticularly
for the presence of cysts solium, still remains widely used in surveys, but the most
common diagnosis of cysticercosis in pigs has been meat inspection.

(b) Post mortem procedure: in slaughter animals visual mesgection
searching for cysts in whole carcasses including organs isogedpl Cysts are
essentially found in the following muscles: hearts, tongue, egopmasseters and
diaphragm, shoulder muscles, intercostals muscles and livenss@\a., 1997).

(c) Serological Test: the serum antibody detection such.E$AHSs not used for
the diagnosis of cysticercosis due to lack of commercialaditity on the market. On
the other hand serology is too expensive for routine, particub@dpause of several
false positives (Sciuttet al., 1998).

(d) Molecular detection: commonly, PCR can be used to diftate

cysticercusspecies, but the kits are not available commercially (Scétiib, 1998).

2.1.7 Therapy and prevention:

In humans: Therapy exists for humans when diagnosis isimthe.

(a) Adult tapeworm infection: For treatment of wdiials with T. solium,
intestinal taeniosis, the drug of choice is praziquantel at delsgrig/kg body weight
(Sartiet al., 2000). A single dose of praziquantel or niclosamide iscseffi to expel
adult worms ofT. asiatica, or evenT. solium (Allan et al., 1997). Moreover, adult
cestodes can be expelled from humans using an anthelminticédllbyva purgative,

in the case of niclosamide praziquatel worms are expelled inategdi
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(b) Larval tapeworm infection: In the case of neysticercosis, albendazole is
the treatment of choice, although praziquantel may also be us&hutia, 2003).
They are treated with albendazole at a dosage of 15 mg/kgdda® Wweeks and
praziquantel at a dosage of 100 mg/kg/day for 2 weeks additionall\detrease
inflammation in active disease, immunosuppressive agents bmaysed such as
corticosteroids (except pregnant women), but prolonged treatmensteitiids is not
recommended (Evarat al., 1997). In this case efficacies are up to 80% complete
disappearance of the cyst, 10% decrease in the size ofysh@nd 10% failure. In
heavy infection, surgery is sometimes necessary for teswfnsuch as ocular

cysticercosis (Gonzalet al., 1999).

According to OIE guidelines for meat inspection: Theat#d carcasses or
meats containing living cysts are inactivated by cooking oriigeat 60°C for 15 to
20 minutes and prevention is done through hygiene and proper meat msjgedtie
slaughterhouse. Deep-freezing at -20°C for 4 days can deststy. ¢n cases of
moderate infestation, the meat has been processed usintbeentethods provided
in the "Recommended International Code of Practice for amde post mortem
judgment of slaughter animals and meat", namely: freezirigeat treatment at 60°C
(140°F) (FAO/WHO - CAC/RCP 34-1985; OIE, 2004; Hillwig, 1987). Nooiaes
have been developed so far. Many investigations have beencdesecinate against

cysticercosis in pig, but unfortunately no commercial vaccines ihe market.

The prevention and control ®f solium cysticercosis can be applied through
health education and better sanitation. In the high rislsateae are two strategies
for health education of people free of taeniosis. First, peiopéndemic areas do not
eat uncooked or undercooked meat containing viscera (cysts). ddredss to keep
pigs indoors without contact with human feces (Lightowlers, 1996iin@ off the
life cycle of T solium depends on sustainable public-health education, such as
washing hands with soap and water after using the toilet ancebefodling food; not
touching contaminated raw meats; cleaning and peeling all rgetalddes and fruits

before eating; drinking only bottled or boiled water or carbonated (putibhks in
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cans or bottles, and not drinking fountain water. Another way to mater safe is by
filtering it through a filter and dissolving iodine into it (Sagttial., 1997).

Porcine cysticercosis: the therapy of cysticestage in pigs is not available
(economical or unfit) and vaccination is not completely safavell, as it is not yet

commercially available.

2.2 Taenia asiatica complex

A new taeniid species namgaknia asiatica is closely related to but genetically
distinguishable fronil. saginata (Eom and Rimet al., 1993). The adult worm in
humans has an ovary, vaginal sphincter muscle and cirrusikea¢hbse ofT.
saginata, but AsianTaenia does have a rudimentary rostellum with rudimentary
hooklets, posterior protuberances on segments, and total lengtmuamger of
proglotids less tharl. saginata saginata. T. asiatica is 5-8 meters in length,
proglottids and side branches of the uterus seem similaf. tgolium. The
metacestodes are small and sometime have two rows otipeirhboks. Otherwise,
T. asiatica metacestode (Cysticercusscerotropica) was different morphologically
from T. saginata metacestode (Cysticercbsvis) in having wart-like formations on
the external surface of the bladder wall (Eetal., 1998). They occur in viscera,
mainly in the liver of domesticated and wild pigs, otmaally in cattle, goats, and
monkeys. Based on the morphologic characteristics of adultnmatdcestodes of
Asian Taenia saginata, the third kind of human taeniid tapeworm is known to spread
in Asian countries, particularly Southeast Asian countriesliiéheycle of T. asiatica
appears to be completed in rather remote areas, whereopigswith free access to
human feces in many Southeast Asian countries, simil&etsituation withl' solium
in Asia (Fanet al., 1995).T. asiatica has been also found in Taiwan, Korea, China,
Vietnam, and Indonesia; at least where people eat uncookeamppidx viscera after
killing pigs at home. But it has been difficult to differeté betweei. saginata from
beef and Asiarfaenia from pork (Simanjuntalet al., 1997; Eonet al., 2002; Erhart
et al., 2002). The life cycle of this cestode was also diffefemtn classicalT.
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saginata in its intermediate host animals as well as infectearmsguch as the liver,
omentum serosa and lung of pigs in its larval stage, but E®tration is never
recorded (Eom, 1993).

2.3 Differentiation of cysticercus species

The tapeworms of the gentiaenia that infect human beings afle solium, T.
saginata andT. saginata asiatica. Taenia solium andT. saginata exhibit unequivocal
features that characterize them. In contrast, only rdalidt studies, morphological
characteristics, and epidemiological and sanitary aspedisate thatT. saginata
asiatica is a subspecies df. saginata. These 3 tapeworms occur in humans in their
adult stage, and the intermediate hosts are pigb. fmliumandT. asiatica and cows
for T. saginata. Their identification is crucial considering the migratorgrease from
Asia to the Western Hemisphere and the fact that tia@ssvbrms coexist in the same
environment in Asia; furthermore, it is estimated that mamnin both directions
across the United States—Mexico border exceeds 200 million pgyson®ar, and
thus, opportunities for acquiring and transporfingolium infections are multiplied.
It is not easy to distinguish among these tapeworms; therefommparative diagram
of the 3 parasites is shown in this article, which witlilfeate their identification. All
morphological features, some of which allow for identificatiarg clear and can be

easily distinguished among the 3 tapeworms (Fligsalr, 2004).

Today, difference among these parasites can lmgtelgfdemonstrated by using
molecular study such as PCR. Species-specific identificatiomuman tapeworm
infections is important for public health purposes, because prataptification of
Taenia solium carriers may prevent further human cysticercosis infectjansajor
cause of acquired epilepsy). Two practical methods fodiffierentiation of cestode
proglottids:

(@) Routine embedding, sectioning, and hematoxylin-eosin (HE) staining
(b) PCR with restriction enzyme analysis (PCR-REA) (Mayt., 2000).

The morphological differentiation of three tapeworms is indicat@abie 1.
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Table 1: Morphological differentiation betwe&nsolium, T. saginata and T. asiatica

Characteristics

Morphological differentiation

T. solium

T. saginata

T. asiatica

Metacestodes

Intermediate host

Pigs, humans, dg
and wild boars

gsCattle, buffalo

and reindeer

Pigs, cattle, goat

and wild boars

[2)

Site of location

Brain, skin, eye,

Muscles, viscerd

Viscera, mainly

Expulsion from host

Mainly in group

tongue and muscle & brain livers
Size (mm) 5.6-8.5 x 3.1-6.5 7-10 x 4-6 2x2
Scolex Rostellum with | No rostellum, nojRostel. with no or
hooklets hooks rudiment. hooks
Bladder surface Wart-like formation Rugae Wart-like format.
Adult tapeworms
Scolex: Rostel. with hooks No rostel. hooks R. with no hooks
Diameter (mm) 0.6-1.0 1.5-2 0.8
No. of suckers 4 4 4
Diameter of sucker 0.4-0.5 0.7-0.8 0.24-0.29
Rostellum Present Absent Present
No. of hooks 22-32 Absent Absent
Proglottides: R 700-1000 2000 200-1016
Length (mm) 10-16 4-13 5-9.5
Maximal breadth 7-10 8-11 3-5
Mature of progl.: No| 375-575 (testes) 800-1200 868-904
Ovary Three lobes Two lobes Two lobes
Vaginal sphincter Absent Present Present
Gravid proglottides:
No. of uterine branc 7-12 15-32 16-21
Branching pattern Dendritic Dichotonous Dichotonous

Single, actively

passively

Single, actively

and spontaneous

and spontaneous

R., Rostel.= Rostellum; Rudiment.=Rudimentary; Format.= Foomat
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2.4 Trichinella complex

2.4.1 General overview

Trichinellosis is mainly important, parasiticadigd zoonotically, because of its
public health significance for more than 150 years (Ljungsteba., 1998). The
Trichinella species was first reported in man in 1835 and was ficstrded in the
United States in 1846. It is a globally distributed zoonotieatie caused by the
ingestion of raw or undercooked meat harboring larval musclsipesaf the genus
Trichinella (Gamble, 1997). The adults @fichinella are at least 3-5 mm in length
and may be found in the small intestine of humans, pigs,b@a#ss and many other
flesh-eating mammals, but may also occur in horses thatdzdga fodder containing
dead infected rodents (Dupouy-Camt, 199Tjichinella larvae have low host
specificity and are capable of infecting a broad rangawfieores and omnivores i.e.

at least all vertebrates including birds and reptiles (Ketpegl, 1998).

The discovery ofrichinella zmbabwensis in farm crocodiles of Zimbabwe has
opened up a new frontier in the epidemiology of Thehinella genus (Murrelkt al.,
2000). There have been térichinella genotypes described so far, eight of which are

considered to warrant valid species status:

(a) Trichinella spiralis (T-1) belongs to the domesticated cycle and is found in
temperate regions worldwide and is commonly associated withslicrpgys and rats
living in food competition. It is one of the main zoonotic hialtmosis and is highly

infective for pigs, mice and rats, as well as man.

(b) Trichinella nativa (T-2) is a cold-climate-adapted species and belongs to the
sylvatic cycle. It has limited infectivity for pigfut is commonly found in wild
canids, bear, walrus and wild pig-like carriers, only émote areas far from the
influence of human civilization. It is further distinguished iésistance to freezing

(Kapelet al., 1997).
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(c) Trichinella britovi (T-3) belongs to the sylvatic cycle and is found
predominantly in wild animals, although it may occasionallyfdxend in pigs or
horses. It occurs in the temperate regions of Europe and Waihinella britovi has
some of the intermediate characteristics of other spen@ading some resistance to
freezing, moderate infectivity for swine and slow capsatention (larvae have been

confused with non-encapsulating species in some cases).

(d) Trichinella T-8 is an isolate from Africa that is similar 0 britovi and

Trichinella T-9 from Japan, but is found to differ by molecular analysis.

(e) Trichinella pseudospiralis (T-4) does not form a capsule in muscle, is
cosmopolitan in distribution, and has been recovered from raptonas, wild
carnivores, rats and marsupials in Asia, North America dmel Australian
subcontinent (Raquet al., 2000).

(f) Trichinella murrelli (T-5) is a North American species found in wildlife and
occasionally horses and humans. It has low infectivity for dompggs, but poses a

risk to humans who eat game meat.

(g) Trichinella papuae (T-6 or T10) is a very small 2-4 mm long hair-like
worm, dwelling deep in the mucus membranes of the smalltimteand does not
form a capsule in muscle. To date, it has only been repmaedPapua New Guinea.
Trichinella papuae is found in North America. It is resistant to freezitgs low
infectivity for pigs, is found in a variety of wild mammaled has been implicated in

human disease. But all species may infect man (Rbzio, 1999).

(h) Trichinella nelsoni (T-7) has been isolated sporadically from wildlife in
Africa. It is characterized by greater resistance ¢évatkd temperatures as compared

with other species dfrichinella.

(i) Trichinlla zimbabwensis adult worms were collected from the intestine and

larvae from the muscles of reptile species (OIE, 2004; Biek, 2001).
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2.4.2 Morphology

Trichinella speciesbelong to the familyTrichuridae and mainly measure
approximately 1-7 mm in length, are unsegmented, cylindricaltapered at both
ends; the esophagus is extremely elongated surrounded by stichasmgajdeply
pierced in the small intestinal wall. Male worms are aldodit- 1.6 mm long with an
almost terminal anus, they have no spicules, but they hangdrminal appendages
and papillae. Moreover, they have a stichosome with a short mussdphagus and
die soon after copulation. Females are about twice the lehgtlales with a similarly
located anus. The vulva is located about half way along thgmphahe single uterus
is filled with developing eggs in its posterior region. The dk® are viviparous,
laying first larvae and then dying shortly after the coniphedf oviposition (Corwin
etal., 1999).

2.4.3 Life Cycle

Trichinella species are not very host specific. They infect a verydoraage of
host species including vertebrates. The definitive host becmieesed when raw or
poorly cooked meat containing the infectious stage of the misoige (first-stage
larva) is eaten. Larvae are encysted in the musbkrsi On passage through the
stomach of the host, the larvae are released fromytte la the small intestine the
larvae rapidly penetrate the mucus membrane where they gondmrccessive
moultings to become young adults, within 30 hrs post-infectiorb-6 days they
moult 4 times to become adult worms and shed larvae. The adatésdeep within
the mucus membrane where they are regarded as being inteaceérasites, lying
within a serial row of host cells. The female worms prodalmeut 1,500 larvae over
4-6 weeks. Males die soon after copulation and the females didyshiver the
completion of larvae-position. Newborn larvae enter the blood or lyrepéels, flood
into all organs by way of the circulatory system, andr&teveeks spread throughout
the body. Finally the larvae reach striated muscle wheyepbeetrate the individual
muscle fiber. They have predilection sites for highly actiwescles such as the

tongue, masticatory muscles, intercostal muscles, diaphragmmagcles and the
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muscles of the arms and legs. The larvae absorb nutrientshieomuscle cells and
increase their length to about 1 mm. They finally coil ardain dormant until eaten
and enter the digestive system of the next host. Thaddor nourishment require the
muscle cell, and the worm induces changes in muscle eeltstes so the larvae stay
alive as long as the muscle fiber does not degenerate. Thegirmtpanuscle fibers are
called “nurse cells”, enclosed by the hyaline capsule. Inateephase the cyst wall
becomes gradually thicker and eventually calcified (Kapel, 200pghetsal., 1999).

2.4.4 Pathogenicity and clinic

Trichinellosis is rarely detected clinically in mails.
In humans the pathogenicity of all the different speciefiahinella has not yet been
totally explored. For the most common speciesspiralis, clinical signs are well

documented.

Intestinal phase: the intestinal phase is chaizeteby a self-limiting bout of
abdominal pain and diarrhea with expulsion of mature worms, anor&xiar,

weakness and myositis causing unwillingness to move.

Parasitaemical phase: The newborn larvae emtmration systems, spread to
different organs and invade host cells causing lesions. The@teym observed
include heart attacks, inflammation of the brain, and hedluré. Life-threatening
complications include myocarditis, central nervous system veweént, and
pneumonitis. Deaths are common (up to 40%) either due to anaphyglaatk or due
to the consequences of the myocarditis. Symptoms such as edamd #re eyes,
muscle pain, fever, itchiness in the skin, and lesiorieegkin have been described.
More serious cases in humans have caused breathing difficidtiasresult of an

infected diaphragm.

Muscle phase: Larvae are able to penetrateelhin various tissues in the body
resulting in cell death and associated inflammation and subseguamiloma

formation (Despommier, 1999). Later on they penetrate the ckltieoskeleton
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muscles and have the ability to become encapsulated. Tiselenphase is very
complex due to the penetrationToichinella larvae into striated skeletal muscle cells
and their permanent residence there (Zarleeiga,, 2001).

2.4.5 Epidemiology

Trichinellas are some of the most widespread parasites infecting peagle a
other mammals all over the world, regardless of climdte. global prevalence of the
disease is difficult to evaluate, but worldwide trichinallosisstimated to affect at
least 11 millions people with different epidemiological pattefDspuoy-Camet,
2000).

The International Commission reported more tha®0D0,cases of human
trichinellosis on trichinellosis from 1995 to June 1997 and about 1(Qy0@&€ine
infections were reported by the Office International des Epieeati 1998. The
present global status of trichinellosis is determined as ddwidle zoonosis. In
contrast to animals whefkichinella infection proceeds without clinical symptoms,
food borne infection in man usually entails typical trichinellogigh the threat to
human health (Marinculiet al., 2001).

A variety of patterns exist which determine tlag/wf Trichinella along the food
chain to human beings. Two main cycles,, the sylvatic and the domestic cycles
have been recognized in the epidemiology of trichinellosis (Campl#8B). The
main agent is transmitted among domestic pigs by infected moakssor infected
rats. The natural cycle occurs in sylvatic carnivores andivarous animals, mainly
in those with cannibalistic and scavenger behaviors (Pozio, 1988)e are natural
and artificial factors, which contribute to the maintenaotdrichinella within the

domestic and sylvatic cycles.

Natural factors which influence therichinella cycle: the sylvatic cycle is
regularly completed by cannibalism and the scavenger behafiarild animals

(Pozio, 2001). Domestic animals, which are infected with tispseies, represent a
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dead end for the sylvati€richinella species. Another aspect is that they may be
transmitted to the sylvatic, where wild animals have rofiled sources such as
garbage dumps or carcasses of domestic animals. Furthdregpopulation density

plays an important role for the spreadloichinella in the sylvatic cycle.

Otherwise, domestic pigs and synanthropits play an essential role for
Trichinella infection in the domestic habitat. Infections in domestic hébibccur
where domestic animals have access to the environment, anchalyuse in contact
with synanthropic or others (Pozio, 1998). Rats might play an immaiée in the
flow of Trichinella infection between domestic and sylvatic cycles (Pozio, 2000).

Artificial factors which influence th@&richinella cycle: there is no doubt that
human behavior strongly influences the transmission routesnwitbmestic and
sylvatic cycles (Pozio, 2000). The prevalence of trichosed is strongly related to
hunting practices due to the improper disposal of fox carcasked) may be a new
infection source of other wild carnivores (Kaptlal., 1997). On the other side,
domestic animals like pigs and dogs are fed with the renwdinglvatic animals, or
domestic pigs are kept under outdoor conditions where close conthet sylvatic

Trichinella cycle may exist.

Infection sources in human trichinellosis: in compart® domestic and sylvatic
animals, which may show a variation in susceptibility forfedént species and
genotypes, alllrichinella species are pathogenic for human (Ranasal., 2001;
Kapelet al., 1995; Dupouy-Camet al., 2002). The trichinellosis cases in man were
traced back to the following main food sources: pork consumed orraiugroducts
played the most important role as the source of infection (@woe et al., 2001;
Marinculicet al., 2001). Wild boar meat was detected as another important dource
human trichinellosis in many countries (Rametzal., 2001) and horse meat was
firstly discovered as emerging@richinella food-borne infection in Italy in 1975
(Boireauet al., 2000). Finally, trichinellosis cases due to infection aeguabroad in
third countries or imported food products, which may hafvachinella larvae, have

to be considered.
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Risk factors for human trichinellosis: from alkthspects mentioned above,
different levels have to be considered for the specifinatf risk in acquiring a
Trichinella infection: first of all it must be clear if a sylvatic domestic cycle or both
of them are present in the defined region or not. IfTitiehinella species is present in
the habitat of the kind of species, its characterisfregZing tolerance, encapsulated
or non-encapsulated forms) and presence in domestic and sylvdt&nimals have
to be identified (Pozio, 2000). In this respect the kind of faigning has to be
specified (indoor and outdoor). Sylvatic and domestic animals Weger poor
hygienic conditionsj.e. feeding of untreated food, no rodent control or extensive
husbandry allowing uncontrolled contact to sylvatic animals, poke a high risk
(Pozio, 2001). Every pig and wild boar has to be examined itdirtellosis. If the
meat inspection is not applied at all or if it is not peried properly, trichinellosis
can be introduced in the food chain and pose a risk for consuitfiensthe slaughter
or hunting of animals, the kind of meat preparation may implgka This especially
relates to all raw or insufficiently cooked products (Gaméleal., 2000). The
consumers expose themselves to the risk of trichinellosieedogonsumption of raw
or insufficiently treated meat from improperly examinedrieas of theTrichinella
species (Noeckleet al., 2003). Moreover, cultural behaviors such as hunter meals
with undercooked roasted ribs from wild boars favored human infedfiftum®pean

Commission, 2001).

Consequently, a very high risk for human trichinellesisexist if Trichinella
species are endemic in the domestic and /or sylvatie cyaheat inspection is not at
all or improperly performed and if the meat is consumed raunder insufficiently
processed conditions. The risk will significantly decreasemevery infected carcass
can be removed from the food chain by an efficient meat atispe(Gambleet al.,
2000; NOckleret al., 2000).

Trichinellosis is more common in temperate regtbas in tropical regions. It
occurs in North America, South America (Argentina and Chilejthern and Eastern
Europe, Kenya, Egypt, Lebanon, China, Nepal, Thailand and Indoiésée species

are important in Southeast Asia and the Pacific regiospiralis, T. pseudospiralis
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andT. papuae. In the Pacific region, serological evidencesTaichinella spp. have
been found in Fiji, Kiribati, Palau and Samoa, Solomon IslandSoutheast Asid.
spiralis and T. pseudospiralis are found principally in China, Japan and Thailand
(Takahashet al., 2000). For example the outbreak that occurred in Thailahithw
affected 59 individuals who ate raw pork from a wild pig, watiqdarly severe with
one death and individuals showed clinical signs of myalgia, narsswelling and
aesthesia that persisted for more than 4 months (Jongesutinal., 1998). The
newest non-encapsulated specie3raochinella, T. papuae, was isolated from a wild
pig in a remote part of southwestern Papua New Guinea andbaesinn 1998 (Pozio
et al., 1999). Infection was identified in approximately 8.8% of village wild pigs
in the area (Owest al., 2000).

2.4.6 Diagnosis

The main sources of infection in humans are gateky horse meat, bears and
small wild carnivores. According to the “Manual of StanddatsDiagnostic Tests
and Vaccines” published by OIE (2004), two main methods arenreemded for the
diagnosis of trichinellosis: direct detection of first-stdgevae encysted or free in
striated muscle tissue, and indirect detection of pasasitdy tests for specific
antibodies (Gamble, 1996).

Direct detection:

(@) Applications of the methods

The direct detection dirichinella larvae in muscle samples is usually done at
post-mortem inspection. In order to prevent human trichinellosisany countries,
the examination of muscle samples of pigs and of all cgimémal speciese.g.,
horses, wild boars, etc., that may potentially serve asuace of this food-borne
infection, is a part of routine slaughter inspection (Gani$86). Direct detection is
useful for epidemiological studies in wildlife, in which indieatinimals.e.g., foxes

and raccoon dogs are examined for the presence of this nematadem to
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investigate the reservoir competence of the host and toa¢@ats importance within
the sylvatic and domestic cycles. Indicator animals providestimation of the

prevalence ofrichinellain the environment (Forbess al., 1998).

(b) Factors important for direct detection

Direct methods for the detection Tfichinella larvae in muscle samples are
designed to provide maximum sensitivity, but have limitations. Metsaodable for
routine meat inspection are designed primarily to prevenicalirtrichinellosis in
humans and do not have the capacity to prevent infection enfitedyefficiency of
the direct detection oflrichinella larvae depends on the methods used, the site
sampled and the sample size. The correct choice of a suitalgieodtic method is
necessary in order to obtain reliable resditspiralis, T. nativa, T. britovi, T. nelsoni
andT. murrelli induce the formation of a nurse cell in the striated musglése host,
whereas the non-encapsulating species pseudospiralis and T. papuae are
characterized by the lack of a capsule around the muscle(Mwaell et al., 2000).
Larvae of non-encapsulating species would be more difficalt detect by
trichinoscopy. Therefore, all samples should be examined in aiigorwith or by
the digestion method because trichinoscopy cannot ensure the deteictaih

Trichinella species.

(c) Sample location

After the internal and migratory phases, larva&.apiralis reach the striated
muscles where they become infective for a new host as aarly7 days post-
infection. Larvae prefer sites in muscle tissues thatwaet supplied with blood.
Predilection sites differ among animal species and may be dapen the specific
mobility behavior of the species (Kapetlal., 1995). Identification of the predilection
sites in an animal species will determine the choicenabcle to be tested for
Trichinella larvae. In domestic pigs, the three main predilection $eS. spiralis
are the diaphragm, the tongue and the masseter muscle (Ga®@fe Forbes and
Gajadhar, 1999). Wild boars infected with spiralis, T. nativa, T. britovi, T.
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pseudospiralis, T. murrelli, Trichinella T6 andT. nelsoni harbored most larvae ihe
diaphragm and the tongue (Kapel, 2000). In horses infected Twitpiralis, the
tongue and masseter were found to be typical predilection(Gteableet al., 1996).

In a naturally infected horse, most larvaeTofspiralis were detected in different
muscles of the head. Infections wilh pseudospiralis in poultry (cock-broilers)
demonstrated that the muscles of the heay, (masseter and the neck) were typical
predilection sites (Britoet al., 1997).

(d)Sample size

The amount of sample to be used for the detectidnichinella larvae must be
chosen to provide an adequate level of sensitivity and an abéeptost-benefit
relationship. It is generally accepted that for routine tmespection, to prevent
clinical trichinellosis in humans, it is necessary to ensaresensitivity of
approximately 1-3 larvae/g (LPG) of tissue taken from the ledidin site.
Theoretically, a 1 g sample would be enough for the detectionlefst 1 LPG of
tissue, on the condition that there is a homogenous distributianvak in the tissue
investigated. In practice, this is true for high larval déssitbut in cases of a low

level of infection, larvae are not distributed homogeneously.

For the routine slaughter inspection of pig carcamségyame meats, using the
pooled sample digestion method, a minimum of a 1 g samplessietifrom a
predilection site is recommended. For the same purposesjraumirof 0.5 g sample
and preferably more may be used for the inspection of individual gsgasses by
trichinoscopy (Gambleet al., 2000). To ensure high sensitivity, horse meat is
examined with the pooled sample digestion method using 5 g or givlyfetO g
samples. If the muscles from predilection sites are notlade for inspection,
carcasses should be tested using larger amounts (up to Hifiptes) in order to

achieve adequate sensitivity (Gaméial., 2000).

Concerning epidemiological studies in reservoir anintiaéssample size should

be adjusted upward to achieve a sensitivity of less tHaR@. Low larval densities
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occur in the muscle tissues of wild carnivores infecteith Wrichinella. For this
reason, the samples to be tested in such studies should Wwaighaof at least 5 g or

maore.

() Main characteristics and performance of direct
methods of detection

Trichinoscopy is a simple but tedious method for the atigpeof individual
carcasses and requiring much time and labor. In contrast, tredpsohple digestion
method allows testing of up to about 100 carcasses at the saenelhe digestion
method requires more technical equipment than trichinoscopy, bwtaper and has
become the method of choice for routine slaughter inspection ininthstrialized
countries. Because of the enhanced sensitivity of digestios, tds use of
trichinoscopy as a standard method of control is discouraged. QiEliges for tests
of trichinellosis are available for examining pork, as vasliwild boar and horse meat
for muscle larvae, and should be adequate for preventing climichinellosis in
humans (Gamble, 1996, 1998). To ensure that tests are perforogeriyr all
authorities conducting routine slaughter inspection should introduce amthimeaa
suitable quality control system.

A documented quality assurance system (QAS) the¢tsminternational
standards will soon be essential for any test used in donoestiternational trade.
Complete data for the validation of a digestion test for pigshorses are available
(Forbes and Gajadhar, 1999).

International regulation of direct detection for megianton includes:

() Trichinoscopy (Compression method)

According to the OIE “Manual of Standards for DiagieoBests and Vaccines”,

28 small pieces of muscle of about 2 mm x 10 mm in sizé, avibtal weight of about

0.5 g, should be taken from prescribed predilection sitemf@&a 1996). The small
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spindle shaped pieces along the muscle fibers are cuawitssors. Then the muscle
pieces are compressed between two glass plates untibdweyne translucent, and
then examined individually forTrichinella larvae, using a trichinoscope or a
conventional stereo-microscope (15-40x magnification). All the sssn@re

recovered for processing by artificial digestion test (Nocitlat., 2000).

(g) Artificial digestion (Pepsin fermentation)

The magnetic stirrer method described as follows:

Homogenize a maximum of 100 g of samples of muscleetisgram each from
the prescribed predilection sites of the animals under inspeetie pooled. The
sample pool is digested using an artificial digestive fodsisting of 2 liters of tap
water, 10 g of 1% pepsin (1:10.000 NF= US National Formulang),1® ml of 25%
HCI.

The digest is stirred for 30 min at a tempeeatfr44-46C in a 3-liter glass
beaker using a hot plate magnetic stirrer. During this pro¢hsestrichinae are
released from the muscle. The digestion fluid is then potmedigh a sieve (mesh
size 180 mm), which keeps back any undigested tissues, bus dhewpassage of
Trichinella larvae, into a 2-liter separation funnel. Larvae dieened to settle for 30
min, and then a 40ml sample is quickly released into a S0bel After a further 10
minutes of sedimentation to clarify the suspension, 30 migérmatant is withdrawn.
The remaining 10 ml of sediment is poured into a gridded petri @50 ml tube is
rinsed with 10 ml of tap water, which is added to theimksh. Subsequently, the
sample in the petri dish is examined by a trichinoscopeeog@hicroscope (15—40x
magnification) for the presence ofichinella larvae (Gamblet al., 2000).

Indirect detection including serological and moleculatiss
Serological study: Part of this review is direc¢dero-diagnostic methods for

the detection ofTrichinella specific antibodies in different animal species,,
antibody detection with larval E/S antigen AB-ELISA t&3assical methods of sero-
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diagnosis such as the complement fixation test and immuno-fbemes antibody
test are reviewed and the characteristics and perfoenahdhe AB-ELISA are
discussed. Factors dependent upon the animal species beidgotestecomponents
of the AB-ELISA test system are considered. Using seylibdias become possible
to perform additionalTrichinella control measures (Directive on Zoonoses EEC

/117/92) to ensure consumer protection.

(@) Applications and characteristics of the methods

Serological methods are used mainly for ante-mortewh post-mortem
examination of blood serum samples faichinella-specific antibodies, and under
some conditions may have a higher sensitivity than methodiseat detection. Other
uses includein vivo studies on immune responses in long-term infection and
surveillance of live caught wild animals. Because seroébginethods allow testing of
samples from living pigs as well as of samples obtained mogem, they may be
useful for establishingrichinella-free areas and reducing restrictions in international
animal trade. The tissue fluids (meat juice) from slaughitgigs or from hunted or
other dead animal®.¢., wild boars) may be suitable for serologic examinations using
ELISA (Gamble and Patrascu, 1996; Gamble, 1999; Ketizl, 1998).

(b) Conventional serological methods

The immunofluorescence antibody test (IFAT), wastdot analysis (WBA),
complement fixation test (CFT) and haemagglutination tesfTjHare examples of
conventional serological methods that are labor intensive andataoe used in an
automated system. As a result, these methods are more egpensivmparison to
the enzyme-linked immunosorbent assay (AB-ELISA) and are prefally used in

human medicine for the examination of individual samples (Noekigt, 2000.

Enzyme-linked immunosorbent assay (AB-ELISA)
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In comparison to the CFT, HAT, WBA and IFAT, th&-ELISA is easy to
conduct, can be automated and detects infection levels aasl@mne larva/100 g of
tissue (Gamble, 1996). The AB-ELISA method is recommended fdrsueveillance
programs and is useful for detecting ongoing transmissidmidfinella at the farm
level (Gamble, 1996). However, the AB-ELISA may fail to detafected pigs
during both the early and the very late phases of infectiamfar this reason that this
serological method can not be used to replace digestiangtdet the detection of
Trichinella larvae at slaughter inspection, but it can be recommemagudctical use
in herd surveillance in pigs (Nockleral., 1995; Gamble, 1996). The use of enzyme-
linked immunosorbent assay (AB-ELISA) to detect the presehgarasite-specific
antibodies provides a rapid method that can be performed on blaod aad tissue
juices collected before or after slaughter. Several antgeparations have been
developed that provide a high degree of specificityTiochinella infection in pigs
and horses. In slaughterhouse testing, the AB-ELISA yieldedtles 0.3% false-
positive results and was nearly 100% sensitive in detectingt@afeigs with more
than one larva/gram of tissue. Thespiralis excretory and secretory (E/S) antigens
used in the AB-ELISA are conserved in all species/typésichinella, and therefore
infection may be detected in pigs or other animals harbouring ahg skven species
or types. Serological tests other than AB-ELIS¥g( indirect immunofluorescence
tests) lack specificity and are not sensitive enough faectlen of Trichinella

infection.

Molecular studies

This method includes the PCR test, which enablesreiiffiation between the
different species offrichinella. However such tests require the development and
amplification of specific DNA-probes. DNA sequences have heemntified and are
specific forT. spiralis and otherfTrichinella species as well. This new generation of
PCR test is not availableg., specific primers are very costly and uneconomical in

the diagnosis of meat in the human food chain.
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2.4.7 Therapy and prevention

Therapy exists for humans if diagnosed in time. Wherlife of the patients is
threatened by overwhelming infection, intensive care traatmeéth all available
supportive therapies is mandated,, fluid replacement, steroids, treatment for shock
and toxemia as well as circulatory and cardiac failure. 8pettierapy for the
parasites with various benzimidazoles (mebendazole or albenda®ol@lso
necessary. Immunosuppressions due to steroids, although often avilifg-s
procedure, prolong the life of the adult parasites as well asdltrin further
production of newborn larvae if unchecked. As already mentione@gntgmtmay
harbor adults shedding newborn larvae for several weeks during utes @@ase of
infection. Mebendazole (200mg/day for 5 days) or albendazole (400mtgde8/
days) should be given to adults, as well as to childreng/bkan of body weight per
day for 4 days). Prednisolone at 40-60mg/ day alleviatefetiee and the side effects
of inflammation due to the cell damage that results framal penetration into the
tissues. They can also use engimidazoles over 14 daydjwffecthe muscle phase
(Kociecka, 2000).

These symptoms usually disappear within days Hfeeiinitial dose is given.
Prolonged treatment with steroids is not recommended, althougit@ys may recur
when treatment is suspended. Long-lasting sequels must bedtssenptomatically

as they arise.

To prevent trichinosis in pigs at the farm legrekin host at risk for human
health in the region), measures involve the environmental cané@lirement for
Trichinella- free pig production) such as architectural and environmentaleisrri
feed and feed storage, rodent control and farm hygiene (deadlsar@re disposed of
within 24 hours) and by sanitation means as well as no garbage guespst within
a 2 km radius of the farm (Cragyal., 2002; EC, 2000).

No vaccines have been developed so far for the preventiochafellosis.
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Prevention of trichinellosis for consumers or humansbeadone by avoiding
the consumption of raw or contaminated meat from game anonggs raised in
situations that favor the existence of rodent population. Theiseaks are the most
frequent source of infection by afyichinella species. In addition, trichinellosis can
be prevented by either cooking meat thoroughly at°88f6r 10 min. or by deep-
freezing it at -20°C for 3 days. Consumer food safety education programs include
cooking to an internal temperature of °C1(160F), freezing solid (-18C or less) for
3 weeks (cut up to15 cm in thickness) and freezing solid’G1& less) for 4 weeks
(cut up to 69 cm in thickness). Cooking using microwaves, cudiygag or smoking
are not recommended (Gamleteal., 2000; Bessonost al., 2000).

According to the OIE guideline and EC regulationstiiehinellosis, the gold
standard are subjected to a testing procedure for trichirsellasi negative results or
have been processed to ensure the destruction of alriree|of the parasite (OIE,
2004; Anonymous, 1994; Herendial., 2000).

2.5 Global importance of porcine cysticercosis and

trichinellosis

2.5.1 Porcine cysticercosis

Infection withT. solium cysticercosis is widely prevalent in human and pig hosts

in many developing countries of Latin America, Africa, and ASiartiet al., 1992).

Asia: several reports of patients with cystosis from many countries in Asia
such as India, China, Indonesia, Thailand, Korea, Taiwan andl Nep a clear
indicator of the wide prevalence ®f solium cysticercosis and taeniosis in these and
other Asian countries. However, epidemiological data from contgrbased studies
are sparse and available only for a few countries in Asistié@rcosis is the cause of
epilepsy in up to 50% of Indian patients showing partial seizlirés.also a major

cause of epilepsy in Bali (Indonesia), Vietham and possibly GimidaNepal. Sero-
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prevalence studies indicate high rates of exposure to thsitparaseveral countries
(Vietnam, China, Korea and Bali (Indonesia)) with rates ranfymg 0.02 to 12.6%.
Rates of taeniosis, as determined by stool examinatioroar have also been
reported to range between 0.1 and 6% in the communities in In@imavi, China,
and Bali (Indonesia) (Rajshekhetral., 2003).

Africa: in West Africa,T. solium cysticercosisn both pigs and man has been
reported in Benin, Burkina-Faso, Ghana, Ivory Coast, Seneuhl Tmgo, and
although official data are lacking@, soliumis anticipated to be present in most of the
pig-raising regions of other West African countries as .wiell some regions of
Nigeria, the prevalence of porcine cysticercosis and hui@amosis is quite high
(20.5 and 8.6%, respectively). Surprisingly, however, no aafdasman cysticercosis
have been reported, although epilepsy is very common. Largen@pidgical
surveys have only been carried out in Togo and Benin, wher@réwalence of
human cysticercosiwas 2.4 and 1.3%, respectively. In Central Africa, poreind
human cysticercoses are (hyper)-endemic in Rwanda, BurundiDéneocratic
Republic of Congo and Cameroon. The parasite also has beeredeponpigs in
Chad and Angola. Cysticercosis has been shown to be one ofajbe causes of

epilepsy in Cameroon with figures as high as 44.6% @ali., 2003).

Europe:T. solium cysticercosishas been eradicated from European countries
except for a few areas where sporadic human cases are ref@@verloschet al.,
2002). However, it is unclear if these cases are duketdturopearT. solium or to
foreign T. solium re-introduced by immigrants or travelers from other areas |
possible that some isolates of European origin might remaiSpian/Portugal,
Eastern Europe and Russia or the northern part of Mongolia wheselium
cysticercosistill exists (Itoet al., 2003).

Latin America: During the last century informatieras based on autopsy
findings, which clearly pointed to those countries where cystisesswas considered
afterwards a priority health problem: Brazil, Colombia,xiMe and Peru (Del-Brutto,

2000). Recent reports demonstrate the presende sofium also in other countries,
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these countries are summarized in Table 2.

Table 2. Global prevalence data on porcryesticercosis,taeniosisand human

cysticercosis in some countries of the world

Human Taeniosis Porcine
Countries | cysticercosis % cysticercosis References
% %

China 3-4 0.06-19 5.4 (0.8-40 Rajshekétzal .,
2003

Cambodia NA NA 10 Singhkt al., 2002

Vietnam 5-7 0.5-6 0.04-0.9 Rajshekhetral .,
2003

India NA 2 9.3 Rajshekhaat al.,
2003

Nepal NA 10-50 32.5 Rajshekhetral .,
2003

Tanzania NA NA 4.5-26.9 Boa, 2002

Zambia NA NA 8.2-20.8 Phiet al., 2002

South Africa NA NA 0-9.1 Phiret al., 2003

West Africa 1.3-24 NA 0.6-20.5 Zod al., 2003

Latin America 3.7-22.6 0.3-2.8 1-38.9 Flisseal., 2003

NB: NA= No data available.

2.5.2 Trichinellosis

Human trichinellosis, a parasitic nematode ide¢ represents the most
frequent widespread food-transmitted helminth zoonosis with watéddistribution
with both sylvatic and domestic spreading, and is caused byethvelling
roundworms of the genukrichinella (Pozio, 1998). At present, human and animal

trichinosis is considered as an emerging infection due to tineaise in its prevalence
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in countries such as Bulgari®umania, Yugoslavia, Croatia, Lithuania, Russia,
China, Argentina, and Mexico (Pozio, 2001). It is also considereed a re-emerging
infection since epidemiological and biological research dlifétsycle in the wild life
have led to the description of new species in variog®me with new patterns of
transmission, which increase the risk of human infection feomsumption of the
meat of wild animalsgg., in Canada, United States, Russia), or domestic animals
such as the horse (in France and lItaly) or dog (in Chinaki&et al., 2005; Pozio,
2001).

Unlike other parasite infections, it has been th@mublic health problem in
advanced countries where there is a great amount of meat cor®urapth as
European countries and USA. This nematode infection has beereceposell of the
continents except Australia. Due to the wide spread dfitsis in many Asian
countries including China and Japan, it has been suspectectevadent in Korea.
However, trichinosis had not been reported in Korea until 199Debember 1997,
the first human infection witff. spiralis confirmed by detecting encysted larvae in
the biopsied muscle (Solehal., 2000)

Trichinellosis study is introduced the presenceTmchinela spp. in Asia,
especially historical review dirichinella in Japan, the epidemiology of trichinellosis
in China and in Thailand. There have been numerous outbreakshohetiosis in
continental Asia including countries such as China and Thaitandhere have been
very few records of outbreaks in the island countries. Tisard countries are

geographically isolated from the Asian continent, which is known te Tiaehinella.

Although, no data oiirichinella are available for Taiwan, the Philippines,
Malaysia and Cambodia, it is likely that high rates afhinellosis occur in various
parts of Southeast Asia. It is known, for example, that boeigines of Taiwan in the
Woulai district commonly eat raw flesh and internal organgigé and other wild
animals (Takahaslet al., 2000).
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Many provinces of Thailand near the Laotian and Cambdubaders were
reported as foci of trichinellosis, but the number of casedovgsconsisting of 1.4%
of the total number of reported cases in Thailand. Likewiseg, @61% of the cases
were reported in the central part of Thailand (Takahetsdli, 2000). The prevalence

of trichinellosis in some countries is addressed in the Table 3.

Table 3. Global Prevalence data on trichinellosis in some couafrtas world

Human Human Animal
Countries cases/ year trichinellosis| trichinellosis | Reference
% %
China NA 4.01 0.021-7.3 (Pigs) Latal., 2002
Thailand NA NA 0.02 (Pigs) | Takahashet al.,
11.4 (hilltibe 2000
pigs)
North America| 38 (91-96 NA 0.013 (Pigs) Moorezidl.,
1999
Mexico 1-19(90-97) NA 1-2.5 (Pigs) La Rosgtaal .,
1998

NB: NA= No data available.



3. MATERIALS AND METHODS

3.1 Justification for the selection of study locations

Regarding the objectives of the thesis, the fiesl studies were conducted at 4
slaughterhouses around Phnom Penh city, where slaughter pigs eligered to
slaughterhouses from different areas (provinces) of Cambodiad Basthe district
administrative map, slaughterhouses were randomly sel&cieddifferent regions
surrounding Phnom Penh city (Figure 1). At the same time,itawas made to the
selected hospitals to look for data of neurocysticercosis in m&imaused byf.
solium cysticercosis. According to the duration of the researchviiggtithe work
schedule was divided into two periods: the first investigatiariesi from November
2004 to February 2005 and the second period started from the eatdro&fy to the
end of April 2005. Beside places mentioned above, some pahs tEHltoratory work
were conducted at the NAHPIC of DAHP/ Cambodia and anotiternvpa performed
at the diagnostic laboratory/ CMU (Thailand).

3.2 Slaughterhouse and slaughter pigs

There are two categories of pig slaughter platgdambodia: slaughter slabs
and slaughterhouses. Around Phnom Penh municipality, there are slapghter
slabs and 4 pig slaughterhouses. The capacity of slaughseatpggch slaughter slab
is 1-50 pigs per day and in each slaughterhouse 100-600 heatisyp&taughtering
was done weekly. The pig inspection was first conducted by toegamination
during the evening and carcass examination in the early moifrtiegslaughterhouses

were:

(a) Slaughterhouse 1 (Beungsalang) is located in the Tuol KakdDi€entral
part of Phnom Penh city (Figure 1). The slaughterhouse 1 beloagsrivate owner,

is not registered and consists of the slaughtering of pigcattle at the same time,
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but in two separate places. The average number of slaymgiseper day is estimated
at about 225 head, and cattle 40-60 head. The environmental @onditithis

slaughterhouse is very dirty (no hygienic standard).

(b) Slaughterhouse 2 (Domnak Thom 1) is located in the Mean Cistrych in
the southern part of Phnom Penh city (Figure 1). Slaughterhoissed? registered

and belongs to a private owner. The slaughter pigs are on ag&@dgead per day.

(c) Slaughterhouse 3 (Phreash Phonlear) is located in the Gtegn District,
southeastern part of Phnom Penh municipality (Figure 1). Slahghtsr 3 is private,
not registered. The average number of slaughter pigs is about 2V pdreday.

(d) Slaughterhouse 4 (Ruessiekaev) is located in the Ruessi@istiect, in the
northern part of the city (Figure 1). The average numbslaoighter pigs is estimated
around 250 head per day. Moreover, this slaughterhouse is notmregisind also

belongs to a private company.

3.3 Description of study design

The study design was a cross-sectional study edardut at the pig
slaughterhouses to establish the prevalence of cysticeasogisll as sero-prevalence
of trichinellosis in the pig slaughtering line. Between Nuober 2004 and April 2005,
432 pigs were examined at the four slaughterhouses in PhnomdPeyisticercosis
and more than 440 serum samples for trichinellosis. The mlatgniesented were
selected from all pigs on the days of sampling. Tongue patpaias routinely done
before slaughter and meat inspection was conducted after slaughter.

The four slaughterhouses were conveniently selected. The slayghgterwere
separated on the basis of breeds and the study pigs wematidemly selected from

each breed. The sampling was done 3-4 times per week.
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Figure 1. Phnom Penh Map showing slaughterhouses located in diftesénntts
around the Phnom Penh Municipality.
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3.4 General description of study setting areas

The origin of slaughter pigs was later tracedkbto farms. Based on a
slaughterhouse questionnaire survey and district administratyge nine provinces,
twenty-nine districts and three intensive farms were seldotehis study, where pigs
have always been delivered to these four slaughterhoussklfighter. The twenty-
nine districts were selected from these nine provinces.eTrewinces are located in
different parts of the country such as central, westernhwedtern, southern and
southeastern as well as around Phnom Penh (Figure 2). Some pavareeselected
such as Takaev (1), Prey Veaeng (2), Svay Rieng (3), Kampomg @haPousat (5),
Kampong Spueu (6), Kandal (7), Kampot (8) and Banteay Mean Cheyu®dpf 432
pigs slaughtered in slaughterhouses during the study, it wds8.6f %, 7.64 %,
13.42%, 4.62 %, 2.54%, 6.25%, 38.88%, 4.62% and 4.39% from provincé&,14,2,
5, 6, 7, 8 and 9 respectively. In these provinces, pigmanely used for commercial
reasons and local consumption. A household keeps one pig to a hundnedirtgpe

the production system, which is mostly a fattening system.

3.5 Pig raising and pig breeds in Cambodia

The pig production (farming) system in Cambodia is compok8categories:

(a) Household raising (as extensive or outdoor): they keep from Ipigd(per
household. The pigs are free-range-outdoors all the time.

(b) Semi-intensive system is practiced by small and meduate (farms): The
number of pigs per household ranges from 10 to 200 heads per household.or fa
Most of them are free roaming at the daytime and kephenpens at night time,
especially, piglets aged 2-4 months.

(c) Intensive production farms (Indoor): the number of pigs asermhan 300
head per farm. The pigs are kept in the pens or piggethieatime (Census, MAFF,
2000).
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The pig breeds in Cambodia are divided into 3 types:

(@) Local breeds (native): are slow growers and weigh arageeof 60 to 80
kg. These breeds require fewer facilities and easily addptabfeed and conditions.
In addition, their body contains more fats than red muscles.

(b) Exotic breeds: like Landrace, Duroc, Large White, andaPeffhese breeds
have been exported from different countries. They are clesid by fast growth
and an average weight of 70- 120 kg.

(c) Crossed breeds: characterized by a strong body, aver. weighil150 kg.

3.6 Description of study population

From November 2004 to April 2005, 48 working days werentad conduct this
study in the four slaughterhouses. A total of 62,400 slaughter J0¢00 pigs were
slaughtered in slaughterhouse 1, 26,400 pigs in slaughterhouse,20 1®
slaughterhouse 3 and 12,000 in slaughterhouse 4.

3.7 Sampling procedure and biological sample collection

3.7.1 Sample size determination

The sample sizes used in this study were as follows:
(a) Ante mortem inspection 220 (Tongue)
(b) Post mortem inspection: 432 (included 220 tongue inspections)

(c) Blood samples: 440

These sample sizes were calculated using the Win Episcopemragiaelow:
(a) Pig population estimated in Cambodia of 2,000,000.
(b) An estimate of disease prevalence of 50%

(c) An error rate of 5% and 95% confidence.
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Figure 2. Map of Cambodia showing provinces where slaughtes pigre
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3.7.2 Collection of biological samples

3.7.2.1 Cyst collection

In the slaughterhouse, pieces of meat and (or wba@ns with cysts were
collected in plastic bags, labeled and transferred d@oldhoratory. The cysts were
harvested, placed in separate plastic bags and kept pinfideze until required for

laboratory analysis.

3.7.2.2 Blood collection and preparation of sera

Blood samples taken at the slaughter process wesdeined to the laboratory,
kept in the laboratory at room temperature for 6-8 hours and énamwere collected
and placed into numbered serum vials and kept in deep freezealforatory
investigation.

3.8 Ante and post mortem examination for porcine

cysticercosis

In the four study slaughterhouses with, a total of 488, 220 pigs were
examined by tongue palpation, and after slaughter, 432 pigs bymapattion forT.
solium cysts respectivelyThe age, breed, sex, weight, and an approximate source of
origin of each pig were recorded. The protocols of ante andhpm$tm examination

were as follows:

3.8.1 Ante- mortem examination (Tongue palpation)

It was to conduct examination of the tongue forsciysthe upper and under the

base of the tongues of local breed pigs. This was the traditr@ihod for identifying

cystnodules in the tongue muscles. Mature vidblsolium larvae are oval (5-8 mm),
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fluid-filled, and with a central whitish spot, which iset scolex (Gonzalez, 1994).

Briefly the procedure was follows:

A pig was restrained, laterally and recumbent| the head was stabilized or
fixed by the use of a snare. The mouth was opened by thef @dwooden rod,
twisted across the upper and lower jaw and the tongue visdly gelled out using a
piece of a cotton cloth. The under-surface of the tongue was thoyaegirthined for

the presence of cysts ©éenia soliun larvae (Ngowiet al., 2004).

3.8.2 Post-mortem examination (meat inspection) and

predilection sites

General provisions for the post-mortem inspection otgigasses for cysticerci
of T. solium were followed which include long and parallel incision® itite external
masseter musclem both sides of the face in an upward direction to completalgr
the parotid gland belothe ear. Similar incisions were made in the internalsetass.
The tongue was detached frahe hyoid bone, viewed, palpated and cysts under the
surface counted. A deep longitudinal incision covering about thraens the
thickness of the tongue and covering the whole length of the tongughragm,
esophagus, eyeball, conjunctiva, sexual organs and lymphatic glasdsnade to
examine for cysts. After opening the pericardium, the heas also visually
examined for the presence of cysts. The heart was cut amera deep (3/4 the
thickness of septum) incision into the septum was made to egpys@etacestodes.
Three equidistant incisions were made in the triceps braulicle proximal to the
elbow joint. Cysts that were encountered on incisional andtirgarfaces were
classified and enumerated as either viable (transluceid;filled with invaginated
whitish scolices visible) or degenerated (black, sand-likpwadery contents) (Boet
al., 2002). Additionally, the following organs were inspected: lung, kidtiggr,
spleen and brain. All organs and muscles with cysts Wieetlsn such a way that all
fully developed cysts could be observed and noted (Dorny, 2004). StréDiion of
cysts for those organs and muscle groups where cysts were candtexValuated

criteria as below:
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Negative= 0 or no cyst in the carcasses
Low < 1-100 cysts (light infection)
High > 100 cysts (Heavy cases)

3.9 Isolation, identification and characteristics of cysts of

porcine cysticercosis

In the laboratory investigation in CMU, microscogxamination and serological
test were conducted as indirect non-competitive ELISA testeaagoint titration.

The protocols were described as follows:

3.9.1 Morphological examination of. solium cysticerci

A total of 235 cysts were microscopically examiaed randomly selected cysts
(5 cysts per 1 infected pig) were used to measureetigtH of the hooks and their
morphology.
The procedure of microscopic examination was as follows:
(a) Required specimens were cysts, collected from diffes#es$ or organs of
infected pigs.
(b) Prepared 10% HCI solution.
(c) The free cysts from muscles put into 10% HCI in a Pegh tbr 3-5 minutes
(d) Cyst wall was opened with forceps and scissor
(e) Then the invaginated scoleces were examined by 400 »a{dduk, objective
40 x) magnification, looking for morphology and the presence of lhaste

and hooks.

3.9.2 Indirect non-competitive enzyme linked
immunosorbent (AB-ELISA)
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The total of 440 blood serum samples were firstesd by indirect non-
competitive AB-ELISA test and doubtful results were re-exeuni Test procedure is
described as in the instructions below:

The AB-ELISA technique is according to the standasthod used in the
National Reference Laboratory for trichinellosis, Federaltitiie for Risk
Assessment (BfR) Berlin Germany. The same institute pisvides the ELISA Kits.
The procedure is the indirect AB-ELISA and serum sampkesested for the specific
anti-Trichinella-1gG.

An ELISA kit consists of

(a) Microtitre plates coated withlrichinella antigen (excretory-secretory
antigen of Trichinella spiralis) contained 5@ Trichinella-E/S- antigen per well,
storage at 4

(b) Trichinella- positive control serum (1 ml, lyophilized), storage at’c€20

(c) Trichinella negative control serum (1ml, lyophilized), storage at°G20
Additionally, buffers and reagents:

(d) PBS buffer (not included, to be prepared according to protocol)

(e) Anti-pig 1gG-peroxidase conjugate pre-diluted 1:10, (1.0 sthrage at —
20°C (SIGMA, product N. A5670)

(f) ABTS buffer, dry matter from Boehringer, storage at %8

(9) Tablets chromogen ABTS, storage at 48
Test Procedure for AB-ELISA

(a) Preparation of PBS- Tween 20/dilution of prepared PBS- T@8¢£000 ml
of PBS- Tween 20 (pH= 7.2-7.4) consists of:

KH2POy 0.4g
NaHPO* 12 H,O  5.8g
NacCl 16.0 g
KCI 0449
Tween 20 1.0 ml

Distilled water ad 2000 ml
(b) Washing (blocking) of microtiter plate 1 time with agquestdand 3 times
with PBS-T (15@l), (every for 3 min)
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(c) Preparation of test and control sera diluted in PBS2emw20 (1:100): 1ml
(100Qul) PBS, add 1(l test serum samples or control sera, then placed thinthe

wells (volume 5Qul)

Example: a coated microtiter plate with serum samples.

1 2 3 4 5 6 7 8 9 10 11 12

Ncl | FS1 | FS5| FS9 FS13 FS17 FS21 FS25 F$29 HS337 F$FH41

Ncl | FS1 | FS5| FS9 FS18 FS17 FSP1 FS25 $29 HS337 FFH41

Ncl | FS2 | FS6| FS10 FS14 FS18 FSR2 F$26 530 FRS388 F&S42

Ncl | FS2 | FS6| FS10 FS14 FS18 FSR2 FS26 530 HS388 FFS42

Pcl | FS3| FS7] FS11 FS15 FS19 FS23 F$27 S31  EFS389 [F&ES43

Pcl | FS4| FS8 FS12 FS16 FS20 FS24 F$28 S32  FS3@0 [F=Bs-T

I O T m O 0O W >

E
E
E

Pcl | FS3| FS7| FS1] FS15  FSi9 FS23  F$27 FS31  KS339 F6S43
F
E
=

Pcl | FS4| FS8| FS12 FS1p FS20 FS24 F$28 S32  [ES3@0 FBBST

Ncl= negative control serum
Pcl =positive control serum
FS =samples for field sera
PBS-T= only coated with PBS-Tween 20 (blank of microtiter plate)
(d) Incubation for 30 min at 37C. Then washing as mentioned in the point (b)
(e) Anti-pig IgG- peroxidase-conjugate (pre-diluted 1:10) at fofiftion of
1:1200 in PBS Tween 20 (200conjugate +24 ml PBS) is added in j@#0amounts to
all wells.
(f) Incubation for 30 min at 37C. Washing and soaking as mentioned in the
point (b) and finally, 1 time with aqua dest
(g) Preparation of ABTS buffer
Separate dilution of prepared citric phosphate buffer (pF3:8)4
ABTS buffer: dry matter 1679
Distilled water ad 100 mi
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Dilution of 2 tablets ABTS (100 mg) in 100 ml of preparedr&Buffer. Then,
add 50yl freshly prepared ABTS (substrate indicator system) to ellswStore the
chromogen at 4-8C in the dark (storage is possible for a couple of weeks).

(h) Measurement of extinction of all wells with the reader405nm if the
positive control serum has an extinction value (OD) of 1.300-1.@@each this OD
value, an incubation period for about 20-40 min at room temperaturedscee

(i) Preparation of stop solution for stop reaction of AB-ELISA
Calculation and Evaluation of test results

The results are calculated according to the reatee standard methods’e,,
OD values of samples are related to those of the positméol in % as ELISA-
index in the following way:

(a) Calculation of netto extinction (NE) of each well:

NE = OD-OD blank

(b) Calculation of mean netto extinction (mMNE) of positarel negative control
and samples

(c) Calculation of ELISA-index. The mean extinction of themple (mMNE
sample) is related to the mean extinction of the peasitontrol (MNE pos). The

positive control has an ELISA-index of 100%

mNE sample
ELISA-index (%) = X 100%
MNE pos
(d) Evaluation of test results:
“Trichinella-negative” ) ELISA- index (%) <8
“Trichinella-questionable”  (+/-) & ELISA- index(%) < 14
“Trichinella-positive” (+) ELISA- index (%) > 14 (Nocklet al., 1995)

3.9.3 Endpoint titration of serum samples positiviey
single dilution AB-ELISA

Positive and doubtful serum samples were examined eisapint titration test

for confirmation. The test protocol was addressed as below:
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(@) The procedure is as indirect non-competitive AB-ELISA,ibig different
by a dilution step: 1:10, 1:20, 1:40, 1:80, 1:160, 1:320, 1: 640 and 1:1280.

(b) Fill 90ul PBS and 10l test sera into each well of the first row (1:10).

(c) Fill 50ul PBS into each well of second row until the last rows

(d) In the first row (1:10) of microtiter plate suck 3 &mand take out P of
solution, then move to next row of microtiter plate and dostree way until the last
row. Other steps follow AB-ELISA procedure.

(e) Evaluation of test results:

“Endpoint titration-positive” (+) ELISA- index (%9 70 (1:10) and
border of titer= 1:80

“Endpoint titration- negative” (-) ELISA- index (%) < 40 (1:1nd
border of titer < 1:80 (Nockleat
al., 1995)

3.10 Questionnaire surveys

3.10.1 Slaughterhouse and hospital

Questionnaire surveys were done in the four formeglistarhouses and in four-
selected hospitals around the Phnom Penh municipality (Hospital vaare not
available during time of study). 22 questions for slaughterhousek3aguaestions for

hospital survey were performed (Appendix 2, 1, 11).

This was confirmed by examining slaughterhouse recantisviewing pig
traders, farm owners and local veterinarians or inspeatoralao by the nature of the

typical local breeds brought for slaughter.

3.10.2 Pig farm survey (“Trace back” questionnaisarvey

for pig farm owners)
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In total, 132 people answered these questionnainégicing 34 questions at the
farm levels of three provinces, where there have bedn risgs. These areas were
selected because most of the pigs brought to slaughterhoiugieated here and are

more infected (positive) than those of others.

This was administered in an attempt to estabiifdtmation links of veterinary
public health significance between slaughterhouses and fagimsofAppendix2, 1l1).

The people interviewed were from different levels and intexeistsn those chosen.

3.11 Data management and analysis

Raw data from the slaughterhouse, laboratory, and questoosoavey were
appropriately coded and entered into a database using the Xd&. gfogram. Any
errors were rechecked also using the MS excel programygesmawere performed
using Win Episcope 2.0, Epical 2000, Epilnfo, PopMap, StataSEd SPSS 12.0
programs. Based on the objectives of this study, the analgsesally centered on

the following:

(a) Determination of distributions of the various data Vs and descriptive
statistics of each;

(b) Determination of prevalence and sero-prevalence of pomyisgcercosis
and trichinellosis, respectively, by slaughterhouse, farm andnueyvi

(c) Comparison of distribution of prevalence and sero-prevalehgeorcine
cysticercosis and trichinellosis, respectively, by slaubbiese, farm, disticts and
province. Kruskal Wallis test or Chi-squarg2) test were used and the results
evaluated using as the criterion.

(d) Assessment of agreement between tongue palpation andinmspattion.
Kappa statistic test was used and the results evaluatagithsi criterion described in
Dohooet al. (2003). The criterion is categorized into the following:
<0.2: slight agreement, 0.2-0.4: fair agreement, 0.4-0.6: medera

0.6-0.8: substantial and >0.8: almost perfect



4. RESULTS

Results were divided into 3 parts in relation to the objectives of this study as

follows;

4.1 Investigation on porcine cysticercosis

The first objective of this study was to establish the current prevalence status of
porcine cysticercosis in slaughter pigs, which came from different areas of Cambodia,
and to conduct studies on predilection sites as well as the microscopic examination of

cysts for confirmation of cysticercus species.

4.1.1 Slaughterhouse survey results

Visits were made to 4 slaughterhouses in Phnom Penh during 2004-2005 where a
total of 432 pigs were examined. Among them, 220 were local pigs and 212 were
commercia pigs. They came from 29 districts in 9 provinces and from 3 intensive

farms.

4.1.1.1 Distribution of prevalence for porcine
cysticercosis by breeds of slaughter pigs in

Cambodia

In 4 slaughterhouses, 220 local pigs were examined by tongue palpation. After
slaughter, all 432 pigs were examined for the presence of cysticerci by meat
inspection. The results are summarized in Table 4. It can be seen that ante mortem
(tongue) inspection yielded 29 positive pigs out of 220 local pigs examined (13.2%),
while the number of positive cases increases to 47 pigs (21%) by meat inspection.

None of the pigs from intensive production farms was positive.
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Table 4. Distribution of prevalence for porcine cysticercosis by breeds of daughter
pigs in Phnom Penh/ Cambodia, 2004-2005

Tongue pal pation Meat inspection
Type of pigs No. No. No. positive No. No. positive
pigs | examined (%) examined (%)
Local 220 220 29(13.2%) 220 47 (21%)
Commercial 212 0 212 0 (0%)
4.1.1.2 Distribution of prevalence of porcine

cysticercosis by slaughterhouses

The distribution of the prevalence of porcine cysticercosis by slaughterhouses is
showed in Table 5. The overall prevalence of porcine cysticercosis in slaughterhouses
was 6.7% by tongue palpation and 10.9% by meat inspection. Moreover, there were
no significant differences (KW= 3.06, df=3, p=0.382) among saughterhouse
prevalence obtained by tongue papation. Similarly, it was not significant (H= 4.27,
df=3, p=0.233) among slaughterhouse prevalence by meat inspection.

Table 5. Prevalence of porcine cysticercosis by four slaughterhouses in Phnom Penh/
Cambodia, 2004-2005

Tongue palpation Meat inspection

S Plee Total No.of |Preval* No. of |Preval*

code | examined | positive | (%) | 95% CI** | positive | (%) | 95% CI**
1 108 11 10.18 | 5.19-17.5 17 15.74 | 9.44-24.0
2 108 7 6.48 | 2.64-12.9 12 11.11 | 5.87-18.6
3 108 6 555 | 2.06-11.7 8 7.40 |3.25-14.07
4 108 5 462 | 1.52-10.5 10 9.25 |4.52-16.36

Total 432 29 6.71 | 4.54-9.48 47 10.87 | 8.10-17.2

*Prevalence, ** Confidence interval, *** Slaughterhouse
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The comparison between tongue palpation and overall meat inspection gave a Kappa
statistic of 0.717 (71.7%). Thus, it showed substantial agreement (0.6-0.8; Dohoo et
al., 2003) between tongue and meat inspection. This Kappa value was statistically
significantly better than that expected (0.06) due to chance. However, the confidence

interval was wide, reflecting considerable uncertainty about the estimate.

4.1.1.3 Distribution of prevalence for porcine

cysticercosis by farm types

Table 6 shows that the prevalence of porcine cysticercosis as determined by
tongue palpation was 16.1% and 25.5% by meat inspection in carcasses of outdoor-
reared pigs, while it was 8.43 % by tongue palpation and 14.45 % by meat inspection
in carcasses of pigs raised in mixed types of farms. Between farm-type specific
prevalences, by procedure of inspection, showed significant differences by tongue
palpation (Kruskal Wallis: H = 34.75, df = 4, p = 0.0001) and by meat inspection
(Kruskal Wallis: H = 57.37, df = 4, p = 0.0001). None of the indoor-raised pigs and

their carcasses was found infected.

Table 6. Distribution of prevalence for porcine cysticercosis by farm types,
Cambodia, 2004-2005

Tongue pal pation Meat inspection
Types of Total No.of |Preval* No.of |Preval*
farms | examined | positive | (%) | 95% CI** |positive | (%) | 95% Cl**
Outdoor 137 22 16.05 (10.34-23.3 | 35 2554 | 18.5-33.7
Mixed 83 7 8.43 | 3.45-16.6 12 14.45 | 7.69-23.93
Intensive 212 0 0 0 0 0 0

* Prevalence, ** confidence interva

4.1.1.4 Distribution of prevalence of porcine

cysticercosis by districts of provinces
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The detailed distribution of the prevalence of porcine cysticercosis was arranged
by districts where pigs were. Positive cases were from 19 out of 29 districts as

summarized in Table 7.

Table 7. Distribution of prevalence for porcine cysticercosis by districtsCambodia,

2004-2005
Distr Total Tongue palpation Meat inspection
icts | examined | No.of |Preval* No.of |Preval*
positive | (%) | 95% CI** | positive | (%) | 95% Cl**

1 13 1 7.69 0.19-36 4 30.76 | 9.09-61.44

2 8 2 25 3.18-65 2 25 3.18-65

3 10 1 10 0.25-44.5 3 30 |6.67-65.24

6 7 3 42.85 | 9.89-81.59 3 42.85 | 9.89-81.59

7 7 1 14.28 | 0.36-57.87 2 28.57 | 3.66-70.95

8 7 1 14.28 | 0.36-57.87 2 28,57 | 3.66-70.95

9 10 2 20 2.52-55.6 4 40 12.15-73.76
10 9 3 33.33 7.48-70 3 33.33 7.48-70
11 10 3 30 6.67-65.24 4 40 12.15-73.76
12 19 3 15.78 | 3.38-39.57 7 36.84 | 16.28-61.64
13 22 2 9.09 | 1.12-29.16 2 9 1.12-29.16
15 6 1 16.66 | 0.42-64.12 2 33.33 | 4.32-77.72
16 7 0 0 0 1 14.28 | 0.36-57.87
17 3 1 33.33 | 0.84-90.57 il 33.33 | 0.84-90.57
18 8 2 25 3.18-65 2 25 3.18-65
20 2 1 50 |12.57-98.74 1 50 1.25-98.74
22 4 0 0 0 1 25 0.63-80.58
27 5 1 20 0.5-71.64 2 40 5.27-85.33
28 9 1 11.11 | 0.28-48.24 1 11.11 | 0.28-48.24

* Prevalence, ** confidence interval
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This table shows prevalences of porcine cysticercosis obtained by both tongue
pal pation and meat inspection. A prevalence range of 7.7% to 50% in 19 districts was
recorded by tongue palpation and 9% to 50 % by meat inspection. Methodologically,
the district-specific prevalences were compared and the outcomes showed that they
were significantly (Kruskal Wallis: H= 80.93, df=31, P=0.0001) different by tongue
pal pation and by meat inspection (Kruskal Wallis: H= 105.30, df=31, P=0.0001).

4.1.1.5Distribution of prevalence of porcine

cysticercosis by provinces

The Distribution of prevalence of porcine cysticercosis by provinces is shown in
Table 8.

Table 8. Distribution of prevalence for porcine cysticercosis by provinces Cambodia

Tongue palpation Meat inspection
Province | Total No.of |Preval* No.of [Preval*

codes |examined | positive | (%) | 95% CI** | positive | (%) | 95% CI**
1 80 4 5 1.37-12.30 9 11.25 |5.27-20.28
2 33 8 24.24 111.0-42.25 12 36.36 |20.4-54.87
3 58 10 17.24 |8.59-29.42 15 25.86 |15.25-39.0
4 20 2 10 |1.23-31.69 4 20 |5.73-43.66
5 11 2 18.18 [2.28-51.77 2 18.18 |2.28-51.77
6 27 1 3.7 ]0.09-18.97 2 7.40 |0.91-24.28
7 164 0 0 0 0 0 0
8 20 1 5 0.12-24.87 2 10 |1.23-31.69
9 19 1 526 | 0.13-26.0 1 526 | 0.13-26.0

*Prevalence, ** confidence interval

It can be seen that infections were distributed in pigs from 8 provinces. Pigs from
province 7 were negative by both tongue palpation and meat inspection. The highest

prevalence was among pigs from province 2, which was 24.2%, and the lowest
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prevalence was in province 6, which was 3.7%. The comparison of prevalence among
nine provinces showed significant (H= 14.81, p=0.038) results obtain by tongue
palpation as well as meat inspection (H= 17.82, p=0.021).

4.1.1.6 Predilection sites  of cysts for porcine

cysticercosis by meat inspection.

To find out which organ of pigs was the predilection for cysticerci, each organ or
muscle of infected pig carcasses was sliced, and the degree of infection was recorded
as negative, low and high (Appendix 3). Results of organ involvement (%) in infected

pigs are summarized in Table 9.

Table 9. Organ and muscle involvement (%) of cystsin slaughter pigs
in Phnom Penh / Cambodia, 2004-2005 (n= 47)

Muscles Organs | Total of Degree of infection
positive Low* High**
by organs | No. | % 95%Cl No. | % 95%Cl

Tongue 31 19 | 61.3 | 42.18-78.15 | 12 | 38.7 | 21.84-57.81
Esophagus 37 28 | 75.7 | 58.8-8822 | 9 | 243 | 11.77-41.19
Heart 47 27 | 57.4 | 42.17-71.74 | 20 | 42.6 | 28.25-57.82
Diaphragm 47 29 | 61.7 | 46.37-75.49 | 18 | 38.3 | 24.5-53.62

Brain 3 3 | 100 | 29.24-100 | O 0 0
External masseter 44 13 | 295 | 16.76-45.2 | 31 | 70.5 | 54.79-83.23
Internal masseter 42 12 | 28.6 | 15.71-4458 | 30 | 71.4 | 55.41-84.28
Triceps brachii 47 19 | 404 | 26.36-55.73 | 28 | 59.6 | 44.26-73.63
Forelimb 44 6 | 136 | 5.27-27.35 | 38 | 86.4 | 72.64-94.82
Hind limb 45 4 8.9 |24.75-21.22 | 41 | 91.1 | 78.77-97.52

* <1-100 cysts per organ, **>100 cysts per organ
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This table shows percent levels of infections categorized by either a low or high
degree of infections from the examined muscles or organs as follows: brain,
esophagus, diaphragm, tongue, heart, triceps brachii, external masseter, interna
masseter, fore limb and hind limb muscles, respectively. The organs as lungs, spleen,
intestine, kidney, liver were not detected to harbor cysticerci and, in a very few case,
they were found in the brain.

4.1.2 Morphology of T. solium cysticerci hooks

In order to confirm the species of cysticerci, 235 cysts randomly were selected (5
cysts per sample) from tongue, esophagus, heart, muscle and others and examined
microscopically for the presence of scolices and hooks. When present, the size of
hooks was measured under the microscope a 100 and 400 magnifications and
multiplied by 2.4 to yield micrometer (um). The data are summarized in Table 10.
Two hundred and thirty five (235) cysts were collected from 47 infected carcasses
during meat inspection. Based on scolices and morphology of hooklets, all 235 cysts
were identified as cysticerci of Taenia solium. The large rostellum hooks had a mean
of 139 um and arange of 120-156 um, whereas the small rostellum hooks had a mean

of 94 um and a range of 84-108 pm.

Table 10. Morphology of T. solium cysticerci hooks obtained from pig carcasses

Mean SD* Range of hook
Type of hooks (nm) (Hm) (Hm)
Large rostellum hooks 139 12 120-156 (50-65)**
Small rostellum hooks A 9 84-108 (35-45)

*Standard deviation, ** = Size was measured under 400 magnifications.
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4.2 Investigation on trichinellosis

The second objective of this study was to establish the current seroprevalence status
of trichinellosis in slaughter pigs from different areas of Cambodia. The 440 pigs
examined were from 9 provinces, 29 districts and from the only three intensive
(commercial) farms. Of these pigs, 224 pigs were of local breeds and 216 were

commercial (exotic/crossbreeds) pigs.

4.2.1 Distribution of sero-positive samples for

trichinellosis by breeds of slaughter pigs

Pig sera were tested for antibodies against T. spiralis. The results are presented
in Table 11. This table shows that by AB-ELISA test and endpoint titration, 5 sera out
of 440 serum samples positive for Trichinella antibodies. Two positive serum samples
were from outdoor-raised pigs, 1 from mixed-raised pigs and 2 from indoor-raised

pigs. Overal, five serum samples produced doubtful results.

Table 11. Distribution of sero-positive samples (by AB-ELISA) for trichinellosis by
breeds of daughter pigs in Cambodia, 2004-2005

Serological examination
Breeds of pigs Total of AB-ELISA Endpoint titration

samples No. No. No. No.

positive | doubtful | positive | doubtful

Local breeds (native) 224 3 3 8 3
Commercial breeds 216 2 2 2 2

Total 440 5 5 5 5
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4.2.2 Summary results of AB-ELISA reading of Trichinella
of slaughter pigs

Ten sera, 5 positive and 5 doubtful were re-examined by AB-ELISA. The results
are shown in Table 12. This table shows that in the first AB-ELISA two samples were
positive and 8 samples gave doubtful results (+/-). Of the two positive samples, one
was from indoor-farmed pigs and the other from outdoor-raised pigs. The first of the
two positive samples had OD®= 0.403 and an Index® (cut-off) = 34% while, the
second one had OD® =0.352 and an Index® (cutoff) = 30%. The second AB-ELISA
revealed three more positive sera with the following readings: OD = 0.232, Index*®
= 22%, OD""= 0.225, Index” = 21%, OD* = 0.275 and Index™ = 25.6%. In this

second test five serum samples gave doubtful results.

4.2.3 Endpoint titration of serum samples positive by
single dilution AB-ELISA.

The positive samples were tested by endpoint titration for confirmation and the
results of the test are shown in Table 13. This table shows that the five samples were

confirmed to be positive by endpoint titration.

4.2.4 Sero-prevalence of trichinellosis of slaughter pigs
by husbandry and geographical distribution

Distribution of sero-positive pigs and prevalence of sero-positivity are shown in
Table 14. Table 14 shows that the overall sero-prevalence of trichinellosis in
slaughtered pigs was found 1.13%. One or two positive pigs were found in each

slaughterhouse.

By farm type, 1.40% of outdoor-raised pigs, 1.21% of mixed-reared and 0.92%
of indoor-reared pigs were positive, respectively. The comparison between farm-types

specific sero-prevalence, by AB-ELISA, showed no significant differences (Kruskal
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Wallis: H = 7.16, df = 4, p = 0.127). Doubtful test results were 0.70% in outdoor-
raised pigs, 2.43% in mixed-reared and 0.9% in indoor-raised farms.

Positive pigs were from four out of 29 district and 3 intensive farms. Sero-
positive rates ranged from 2.66 to 16.66%. The district-specific prevalences were
compared and the outcomes showed that they were not significantly (Kruskal Wallis:
H= 10.97, df=31, P=0.268) different by AB-ELISA.

From 9 provinces, sero-positive pigs were distributed in 4 provinces. The
percentage of positive ranged from 1.19% in province 9 to 5.26% in province 7. The
doubtful test results ranged from 1.19% of pigs from province 7 to 5% in province 4.
The comparison of prevalence among 9 provinces showed no significant (Kruskal
Wallis: H= 14.81, df=8, p=0.592) results obtain by AB-ELISA.



63

Table 12. Summary results of AB-ELISA reading of Trichinella of slaughter pigs (n=440)

First test Second test
Specimens | Slaughterhouse Age Index ®(cut- Index” (cut- | Border-
No. ID Farm ID | Breed | month | OD* off) Results | ODP* off) (%) line | Results
(%) titer

1 1 indoor | exotic 6 0.403 34 ++++ - - - -
2 4 mixed | local 6 0.164 13.7 +- 0.115 11 1: 160 +/-
3 1 outdoor | local 7 0.105 8.8 +- 0.141 13 1:160 +/-
4 2 indoor | exotic 6 0.272 17 +/- 0.112 10 1:80 +/-
5 2 indoor | exotic 6 0.227 14 +/- 0.140 12 1:80 +/-
6 3 outdoor | local 7 0.243 15 +- 0.232 22 1:160 +++
7 4 mixed local 6 0.175 11 +- 0.225 21 1:320 +++
8 3 outdoor | local 7 0.352 30 +++ - - - -
9 3 indoor | exotic 6 0.135 12 +- 0.275 25.6 1:160 +++
10 3 mixed local 6 0.263 14.8 +/- 0.143 12.9 1:80 +/-

*Optica density.
OD* = Optical density of the first AB-ELISA, OD = Optical density of the second AB-ELISA.
Index = cut off of point of thefirst AB-ELISA, Index” = cut off of point of the second AB-ELIS.
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Table 13. Endpoint titration of Trichinella positives of slaughter pigs by single
dilution AB-ELISA

Specimens | ELISA index % (1:10) | Border titer Result

No.
1 83 1:640 +++
6 78 1:160 ++
7 76 1:320 ++
8 73 1:320 ++
9 81 1:320 +++

Table 14. Sero-prevalence of trichinellosis of slaughter pigs by husbandry and
geographical distribution in Cambodia, 2004-2005

AB-ELISA
ltems Total No. Preval* No. Doubtful
examined | positive | (%) 95% CI** | doubtful (%)
At farm types
Outdoor 142 2 1.40 0.17-4.99 1 0.70
Mixed 82 1 1.21 0.03-6.60 2 2.43
Indoor 216 2 0.92 0.11-3.30 2 0.9
At district level
District 1 13 0 0 0 1 7.69
District 5 6 0 16.66 | 0.42-64.12 0 0
District 11 10 1 10 0.25-44.50 1 10
District 16 7 0 0 0 1 14.28
District 29 10 1 10 0.25-44.50 0 0
District 31 75 2 2.66 0.32-9.30 2 2.66
At province level
Province 1 80 1 1.25 0.03-6.76 1 1.25
Province 3 62 1 161 0.04-8.66 1 161
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Table 14 (Continued). Sero-prevalence of trichinellosis of daughter pigs by
husbandry and geographical distribution in Cambodia, 2004-2005

AB-ELISA
Items Total No. Preval* No. Doubtful
examined | positive | (%) 95% CI** | doubtful (%)
Province 4 20 0 0 0 1 5
Province 7 168 2 1.19 0.14-4.23 2 1.19
Province 9 19 1 526 | 0.13-26.02 0 0
Total 440 5 1.13 | 0.36-2.63 5 1.13

* Prevalence ** Confidence interval

4.3 Results from the questionnaire surveys

The questionnaire surveys were administered to interviewees in three sites,
namely four slaughterhouses, farms in three provinces and four hospitals around
Phnom Penh city. All were conveniently selected. A summary of the responses is as

follows;

4.3.1 Responses of slaughterhouse questionnaire survey

The responses are summarized in Appendix 4. Twenty-three percent of
respondents were in slaughterhouse 1, 24% in dSlaughterhouse 2, 29% in
slaughterhouse 3 and 24 % in slaughterhouse 4. Sixty percent of Saughterhouse
workers had a low level of education. Eighty nine percent of respondents said that
demand of pork in Phnom Penh was higher (average 500-2000 slaughter pigs per day)
than that of other meats such as beef, fish and seafood. They indicated that the
demand fluctuates (increase or decrease) by seasons. All (100%) the responses
indicated that the environmental and hygienic conditions were poor. Most (40%) of
the pigs delivered to the slaughterhouses were raised in a household environment
while, 33% and 27% were produced at small and medium farms (intensive production

farms) respectively.
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Of al the interviewees, 36 % and 61% of respondents had not heard about
porcine cysticercosis and trichinellosis, respectively. Thus, only 57% of porcine
carcesses were inspected for cysticercosis using tongue palpation (13%), by meat
inspection (31%) and by using both (tongue palpation and meat inspection) (56%).
The answers further showed that 63 % of respondents found parasitic diseases, mainly
porcine cysticercosis. Respondents indicated that they detected 1-3 infected carcasses
per month. They (74 %) speculated that the infected carcasses were from pigs that
were raised extensively. Concerning trichinellosis, they have never inspected pigs for

the infection.

Respondents observed infected carcasses irrespective of age, i.e., young or old as
either having heavy (57 %) or light (43 %) infection. Twenty two percent of the
heavily infected carcasses were destroyed whereas, 64% were processed for animal
feeds or for human consumption in special institutions and only 14 % (lightly infected
cases) went straight for human consumption. Most people, 57%, prefer well-cooked
food for consumption, while the remainders ate uncooked or both cooked and

uncooked foods.

4.3.2 Responses to farm questionnaire survey

The responses are summarized in Appendix 5. Thirty percent of respondents
were in province 1, 34% in province 2 and 36% in province 3. The appendix shows
that seventy nine percent of farmers had a low level of education. Most (85%) of the
pigs in these areas were reared in the household environment, while 15% were
produced in the small and medium farms (intensive production farms). The stagesin
pig production were as follows: fattening 45%, piglets (31%) and both (24%) stages.
These pigs were sold depending on family needs and income. For example, 32 % of
pigs were at the age of 2-4 months, 22% at 6 months, 36 % at 7-12 months and 10 %
at more than 12 months. But, it is worth noting that sixty five percent of the farms
brought in piglets from outside. The pig breeds commonly found in the study
provinces were local pigs (native) (89%), while 11% of the respondents reared exotic

and cross breeds.
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Fifty four percent of the respondents used traditional feeds, 17% used |eftovers,
5% used formula feeds and 24% used mixed rations. In addition, 55 % of respondents
produced their own feeds, while 45% of them bought from outside. Water sources for
both humans and pigs were as follows: 66% from ponds, underground and 17% from
river waters (17%). Ninety three percent of respondents indicated that they used the

water from its sources directly without treatment.

Only 4% of respondents had concrete floors in pens. All the responses indicated
that the environmental conditions and waste management were poor. Most (83%) of
the people in the rural areas encountered parasitic diseases. Of all the interviewees,
40%, 54% and 83% had not heard about porcine cysticercosis, Taenia solium and
trichinellosis, respectively. Of al live pigs, only 66% were inspected for cysticercosis
using tongue papation and the rest (34%) were examined using both (tongue
palpation and meat inspection). Respondents (28%) indicated that they detected 1-3
infected pigs per month, while 18% reported more than 5 infected pigs per month.
Most (61%) of respondents sent infected pigs for proper processing and only 14%
referred infected pigs directly for human consumption. Proper food cooking was
indicated by 59% of the respondents while, 35% preferred uncooked pork and 6%
well cooked or mixed. In addition, 84% of respondents said that there were not
enough communal toilets. Seventy nine percent of respondents stated that control and
prevention were still very poor and still not applied to these areas due to

underdevel oped public health infrastructures within the country.

4.3.3 Responses to hospital questionnaire survey

Health personnel in two hospitals, one public health institute and the Pasteur
Institute in Phnom Penh, Cambodia, were visited and questionnaires administered to
them. In all these institutions, there were no records of human neurocysticercosis and
medical staff had very little knowledge of neurocysticercosis. None of the medical

centres visited had the capacity for diagnosing neurocysticercosis.



5. DISCUSSION AND CONCLUSION

Porcine cysticercosis and trichinellosis are afuonitic problems in a country
like Cambodia with high pork consumption. In a period of six morghtal of
62,400 pigs were slaughtered in 4 slaughterhouses in Phnom PenhdanmBot of
these numbers of animals, 432 were randomly selected faosttitg. The following

discussion of the obtained results summarizes as follows:

5.1 Investigation on porcine cysticercosis

This was the first prevalence studyTo$olium cysticercosis in slaughter pigs in
Cambodia. Thus, no published prevalestadies existed in Cambodia prior to this
work, except a short review by Singhal. (2002). Hence, the following discussion of
the obtained results has been compared and contrasted wdatisrérom other

countries.

In Cambodia, lingual examination has been used tifidepigs havingT.
solium cyss. This is performed for purposes of eliminating infected p@gas not to

lose money due to carcass condemnation during meat inspection.

As shown in the result, it was found that the pened of porcine cysticercosis
by breeds was 13.2 % in local pig carcasses examined bynantem inspection.
This prevalence increased to 21% in the pig carcasses al ingpection. On the
other hand, the total distribution of prevalence for porcindagrspsis in this study
(n=432) was 6.7% by tongue palpation and 10.9 % by meat inspetiese findings
agree with observations of a review by Singhal. (2002) from Cambodia and
different neighboring countries: 10% in Cambodia, 10% in Laos, 1IPhkaiand and
8% in Vietnam. However, none of the pig carcasses frommsite production farms

was found positive.
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In the slaughterhouse study, the two methods were toseplie palpation and
meat inspection: The results differ from 6.7% by lingual examenand 10.9 % by
meat inspection and result was determined by Kappa stakistwever, a sensitivity
of lingual examination was about 62% to detect porcine cysticerdosind by meat
inspection. Thus tongue palpation is a very specific method toowsrate
cysticercosis in pigs, but it has a diagnostic sengitintt exceeding 70%. These
findings agree with some studies previously reported. Injightécted pigs, both the
sensitivity and the specificity are low (Sciugtbal., 1998; Boaet al., 2002). The
study in Nigeria found that lingual examination could detect 1409%uly infected
pigs (Onah and Chiejina, 1995), while in Peru, Gonzalez and otherd that 70% of
the infected pigs were detected by lingual examination (Genegdl., 1994). Dorny
(2004) reported that the routine carcass inspection was slightyr lean tongue
inspection in detecting moderate to heavy infections, but wadledqusensitive in
light infections. Nevertheless, lingual examination is edatively quick and
inexpensive way of doing a rapid assessment of the preaedcburden of porcine
cysticercosis. Pig traders in the district of Cambodiaehlaeen using the lingual
examination method to reject pigs that are recognized to hasatium larvae under
the tongue for fear of losing money due to carcass condemnation dugag

inspection.

Knowing the predilection sitegg.,, organs, which harbor a large number of
cysticerci helps to increase diagnostic efficacy. Dhgans where cysticerci were
mostly found infected in a higher degree were: the skeletascles as hindlimb,
forelimb, masseters and in a lower degree were: leadue, esophagus, diaphragm
and rarely brain. Organs in which cysticerci were ndéaed include liver, lungs,
spleen, kidney and intestine. Thus, infected organs vary depeonlitite degree of
infection. These findings agree with some studies previoeggrted. For examples,
Mendezet al. (1986) found the predilection sites to be forelimb above the elbows
(pork shoulder), tongue and heart. Similar findings made by @mahChiejina,
(1995) and Boat al. (2002) who found the masseters and triceps muscles to be
predilection sites. Liver, lung, spleen, kidney and intestivere not infected.

However, Maet al. (1992) found cysticerci of. solium from lungs, kidneys and
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livers of pigs in China and they differentiated from otfA@enia species by the
morphology of the hooks. These contrasting results may be due tessgéfarences
of Taenia and/or pigs from Africa and Asia, which could affect the hosagte
relationship. Also, it might be due to infection By asiatica found only in Asia,

which has predilection in the liver.

Types of farm management are important factorschwhiay influence the
infection rate. The prevalence of porcine cysticercosisuitdoor-reared types was
16.05 % (tongue palpation) and 25.54 % (meat inspection), whileimixed-raised
type found positive cases of 8.43 % (tongue palpation) and 14.4%%4 (nspection)
were found. None of the pigs reared indoors or on intensive produetions fwas
infected. These findings indicated that farm types havenffuence on the infection

rates of porcine cysticercosis.

Concerning the districts where pigs were regresitive animals were from 19
out of 29 districts. By ante-mortem examination, prevaleanged from 7.69 % to 50
% in 19 districts, while meat inspection showed prevalencg @f to 50 %. The
findings are comparable to those reported in different areasuoitries as China (0.8-
40 %), Mozambique (6.5-33.3 %), Tanzania (4.5-26.9%) and Latnerica (4-
38.9%), (Table 2, pp.36).

In this study, 235 cysts were randomly selectedy§fscof the 47 positive
carcasses) from tongue, esophagus, heart and muscles exanurestopically for
the presence of armed scolices. When present, sizes of heoksngasured. All of
the 235 scolices exhibited small and large hooks. Obviously,drstady cysts of.
asiatica were not found. This is in agreement with Moraketeal. (2000) who
reported that adult worms recovered from infected villagehiang Mai, Thailand,
consist of onlyT. saginata andT. solium. These findings pose questions on the role of
T. asatica in Cambodia and Thailand. Further studies should be done on idemtifyi
species of the adult tapeworms obtained from local peoplendemic areas of

Cambodia.
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5.2 Investigation on trichinellosis

Similar to the porcine cysticercosis study, thegmesurvey of trichinellosis

pigs was the first done in Cambodia.

The present study was conducted in 4 slaughterhol&@gig serum samples

were examined for trichinellosis.

Sero-prevalence for trichinellosit slaughter pigs by AB-ELISA and endpoint
titration for confirmation of trichinellosis positives was coogd at CMU
laboratories. Five specimens were sero-positive: two watdoor-raised pigs, one
pig was mixed-reared and two positives were from indoordajggs. Beside 5
positives, 5 specimens gave doubtful results. An overall -menalence of
trichinellosis was of 1.13 %. Similar findings are repofi®dm some studies that used
similar test conditions. For example, sero-prevalencegatiiriellosis were recoded
up to 2.5% in Mexico (La Rosat al., 1998) and in China ranged between 0.021-7.3
% (Liu et al., 2002). However, sero-prevalences of trichinellosis were found under
0.02% in Northern of Thailand (Takahaghial., 2000) as well as under 0.013 % in
North America (Gamble, 2000). These contrasting results majuédo many risk
factors such as poor farm management, feed contaminations, a@osact with

rodents and wild animals and other sources.

In this study, all sero-positives were found in the 3-difféanin types. The positive
rates were: 1.40% of outdoor-reared pigs, 1.21% of mixe@dadd 0.92% of
indoor-reared animals. The infection rates by farm managemientmot differ
significantly. This is much in contrast to cysticercoswbjch indoor pigs were not
infected with. It is possible that some risk factorsdifierent, especially the sources

of infection, such as infected rodents and feedstuffs.

Some positives were found in some areas of Cambmatia,though the details

about sources of infection are not included in the objective ttmtysdue to time
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limitation. Generally, it can be explained with frequgnibaming free-range pigs
coming into contact with infected rodent carcasses, edgtitaminated pork, garbage,
etc. Most farmers also feed pigs with swill feed and uncda@mal organs. All
these factors were suspected to favor the occurrenceird swchinellosis, and may
lead to the outbreak of human trichinellosis. The high prevalehdrichinellosis in
both humans and animals invariably leads to significant ecorlossic The positivity
of trichinellosis in pigs among provinces shows that thereewss significant

differences of sero-prevalence of trichinellosis.

The questionnaire surveys were performed on msidef provinces,
slaughterhouse workers and hospital personnel around Phnom Penh. Out of 202
people interviewed, 70 people were conducted in four slaughterhousds32nd
three provinces. Awareness of thesolium disease condition was virtually absent. In
districts of provinces, human carriers and epilepsy were not egpdtig husbandry
practices, sanitary conditions, hygienic control and slaughter ggeseare very poor.
The infection of pigs could be found very easily, when compartdother diseases.
Surveys of hospitals around Phnom Penh showed that the data on hsticereysis
were lacking. It can be concluded that the results from tlestigunnaire survey,
together with those from the prevalence study, help to crdsgtiex understanding on
the role of pig slaughtering and farming management systamshe parasite
transmission and provide more information about epidemiologicabria which is
necessary for the health authorities to develop integratedures for control and

prevention of cysticercosis and trichinellosis in the near future.

5.3 Conclusion and recommendation

It can be concluded that the two parasitic zoonotseades like porcine
cysticercosis and trichinellosis may pose major problems i gardemic districts of
provinces in Cambodia. The present studies used for diseasé@oteteve greatly

contributed to a better understanding of the prevalence and épiogynof the
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infection and also of the impact of these diseases refatpty production systems

and human health.

In this study design, there were advantages and disacemniiag noted that
this study obtained more clear and precise prevalence th@netvieus study (Singh,
2002). This is because of the detailed study design that wed basvell-established
sampling methods, sample size determination, and datatmoilecethods as well as
standardized laboratory techniques. However, time was miénly factor of this
cross-section design. For example there was not enough tistedy isolation and

identification ofTrichinella species as well as potential risk factors.

For further study, better study designs e.g. cohort sawdyimportant in
investigations applied to trichinellosis, using gold standarthoas like digestion and
PCR for isolation and identification dfrichilla species in Cambodia. This type of
study design (cohort study) could enable researchers alscetanded or identify risk
factors associated with trichenellosis in Cambodia. Refom a study design would
assist in planning and implementing cost-effective survedlaystems and strategic

control/eradication programs.

It is recommended that the hygienic standardeagldtughterhouses in Cambodia
must be improved with standard guidelines of meat inspedimevention, disease
controls, disease surveillance, awareness and treatment worehéag of human
tapeworm carriers in endemic areas should be implementedjoadty; toilet
facilities and pig husbandry practices should be improved, anpaticess of pigs to

human feces in the rural areas.

Recent surveys showed that many people in the mei@s @ither ignore or are
ignorant of the danger to which they expose themselves Imgeatected meat. Most
of them did not understand the association between the preseocgsgtioérci in the
animal and the tapeworm infection in man. Thus the long-tstrategy involves
health education, modernization of pig farming, and rigorougett®n of pork in

slaughterhouses, creation of hygienic and sanitary conditions ircammenunity,
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disease control measures and active epidemiological surveibgstams to identify

tapeworm carriers and to activate potential eradication.

A recent study conducted in slaughterhouses found theh#imee of detecting
cysts of porcine cysticercosi® slaughter pigs is low under the current meat
inspection regulations. However, due to the lack of well-orgahineat inspection
and the presence of illegal slaughtering, almost all ietecarcasses are marketed
and/or consumed. Usually, contaminated pig carcasses witlcergstare sold at a
decreased price. It can be also suggested that meat inspisctmandatory to all
slaughterhouses and put into national law.

It is recommended that intensive national sdarek is essential for
trichinellosis control in both domestic pigs and wild animal€ambodia based on
the OIE guideline. Consumers and producers of swine in enderaiclaoald follow
the recommendations of the International Commission on Tricbgiellfor the
control of Trichinella in domestic and wild animals intended for human consumption
(Gambleet al., 2000). Enforcement of effective measures for trichinedlosintrol in
Cambodia is strongly required. The easiest measure wouldl égdutate and inform
the public, insisting on the need to cook pork meat thoroughly. Theouild be to
organize a network of laboratories specifically responsibldri@hinella monitoring
and control in animals in slaughterhouses, as well as tgaldestandard methods as
recently indicated by the International Commission on triclosdl (i.e., the
digestion test and ELISA test which are ten or a hundreestimore sensitive than
microscopy). It would also be useful to collect samples fraleh animals, to evaluate

more precisely the areas where intense control should be applied.
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7. APPENDICES

Appendix 1: Reagents and solutions

I. Reagents and solutions
1. Porcine cysticercosis:
Cysticerci examination: 10 % HCI, 10% formalin and 100% alcohol
2. Trichinellosis
Blood serum samples
Microtiter plates coated witfirichinella antigen (larval excretory-
secretory antigen ofrichinella spiralis): 50l Trichinella E/S
antigen per well.
Trichinella-positive control serum (1 ml lyophilized)
Trichinella-negative control serum (1 ml lyophilized)
PBS buffers (Physiological buffer solution
Sterile distilled waters (Asqua bitus)
Ati-pig 1gG-peroxidase conjugates per diluted 1:10 (SIGMA, proddct N
A5670)
ABTS buffer, dry matter from Boehringer
Stop solution
Tablets chromogen ABTS
2000 ml of PBS-Tween 20 (pH=7.2-7.4) consist of

KHoPOy 04 g
NapHPO, x 12H,0 58 ¢
NaCl 16.0 g
KCI 04 ¢
Tween 20 1.0 ml

Distilled water ad 2000 ml
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Appendix 2: Survey questionnaires

l. Hospital questionnaire survey of neurocysticercosis in humanglacted

hospital
Date / /
Name of the Hospital Location
Name of the Doctor Title

1. Patient’s residence areas:

2. Number of the patients showing following clinical signs:
a) Seizure__ b) Violent behavior _ c) Head ache
d) Depression___

e) Facial palsy___ Monoparesis or hemiplegia.

3. What is the method of diagnosis used in the hospital?

a)CTscan___ b)ELISA___ ¢) MRI___ d) Other
4. How many epileptic cases are found for the period of:
a)Year2000_  b)2001__ ¢)2002_  d)2003__
5. How many confirmed neurocysticercasses:
a)Year2000__ b)2001__ ¢)2002___ d)2003_
6. Age groups:
a)0-14year b)15-35years____ c) About
7. Sexes:
a) Male_ b) Female

8. Patient’s socioeconomic status:
a)Upper___ b)Middle__ c) Lower
9. Treatment:
a) Surgery  b) Medical
10. Name of the drugs used:
a)
b)
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C)

11. Is the treatment effective?

a) Yes b) No

12. List the patients according to caste:

a) Brahmins b) Non-brahmins

13. Other comments:

Slaughterhouse questionnaire survey of porcine cysticerausigiahinellosis

Date / / ?
Interviewee name Title
Interviewer name Title

Name of slaughterhouse

Location
1. Educational level
a) Low___ b) Medium___ c) High____
2. Slaughter pigs for consumption per day:
a) 1-100__ b) 100-500___ ¢) 500-2000___ d) more than 2000
3. Average slaughter pigs per day in each slaughterhouse:
a) 50-200___ b) 200-300___ ¢) 300-600__  d) More than 600____
4. Environment and hygienic aspects in slaughterhouses
a) Good__ b) Poor____
5. Pig origins?
a) Household vraising b)) Small and medium
c) Intensive farm
6. Have you ever heard porcine cysticercosis?
a)Yes  b)No__
7. Have you ever heard trichinellosis?
a)Yes  b)No__
8. Inspected pigs for porcine cysticercosis?

a)Yes  b)No_

farm
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9. Which method use for diagnosis?
a) Tongue palpation___ b) Meat inspection___ c) Both_____
10. Have you ever found parasitic diseases of slaughs® pig
a)Yes_ b)No_
11. Have you ever found infected cases of cysticercosis?
a)Yes  b)No_
12. How many cases per month?
a)l-3  b)35 c)morethan5
13. Most confirmed cases?
a) Household raising _ b) Small and medium
C) Intensive farm ___
14. Inspected pigs for trichinellosis?
a)Yes_ b)No_
15. Ages of slaughter pigs
a) Young___ b) Medium c) Old d) All
16. Pig breed for slaughtering?

a) Local ___ b) Exotic__ c) Crossed bred___
17. Most ages of infected pigs
a) Young___ b) Medium c) Old d) All

18. Most cases infected?

a)Heavy _ b) Light
19. Infected carcasses and organs use for:
a) Human consumption___ b) Processing___ c) Culling____
20. Food habits
a) Cooked__ b) Uncooked _ c) Mixed
21. Disease control and prevention?
a)Yes_ b)No__
22. Other comments:

farms
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Ill. Pig farm questionnaire survey of porcine cysticercosis tantinellosis in 3

provinces
Date / / :
Interviewee name Title
Interviewer name Title

Name of farm or village

Name of owner

Location

Date of establishment / /

1. Educational level
a) Low___ b) Medium___ c) High____
2. Sizes of pig production
a) House hold raising___ b) Small & medium____ c) Intensive____
3. Pig production system?
a) Freeranging_ b)Mixed __ c¢)Indoor
4. Target of pig production?
a) Piglet___ b) Fattening ___ c¢) Mixed
5. Buying piglets from outside for raising?
a)Yes  b)No_
6. Age of pigs for selling:
a) 2-4month___ b) 6 month___ ¢) 7-12 month_____
d) More than 12 month____
7. Pig breed for raising:
a) Local___ b) Exotic___ c) Crossed bred____
8. Do they have an identification number?
a)Yes_ b)No__
9. Types of feed:
a) Ratio feed ____ b) Leftovers ___ c) Mixing____ d) Traditional____
10. Getting feeds from outside?

11. Drinking water for pigs and human uses:
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a) Tap water____ b) Underground water___ c) Pond water__ d) River____
12. Condition of water:
a) Directuse___ b) Treatment____
13. Condition of the holdings: Floor type
a) Concreted__ b) un-concreted___ c) Mixed
14. Environment of pig raising areas:
a) Clean___ b) Dirty
15. Waste management:
a) Good___ b) Poor
16. Having problems with parasitic diseases
a)Yes_ b)No__
17. Have you ever heard porcine cysticercosis?
a)Yes_ b)No_
18. Have you ever heard Tdenia solium?
a)Yes  b)No_
19. Have you ever heard of trichinellosis?
a)Yes  b)No_
20. Investigate pigs for cysticercosis?
a)Yes  b)No_
21. Which method use for diagnosis?
a) Tongue palpation____ b) Meat inspection___ ¢) No inspected
22. Investigate pigs for trichinellosis?
a)Yes_ b)No__
23. Have ever confirmed porcine cysticercosis?
a)Yes  b)No_
24. How many infected cases of cysticercpsismonth?
a)l-3case_ b)3-5 c)Morethan5_
25. Age of infected pig confirmed porcine cysticercisis?
a)2-4month____b)6 month___ ¢) 7-12 month_____
d) More than 12 month____
26. Infected pigs sale for:

a) Human consumption____ b) Processing ___ c) Culling___
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27. Food habits
a) Cooked__ b) Uncooked___ c) Mixed
28. Are there sufficient toilets?
a)Yes_ b)No_
29. In the farms or villages, are there human caskaenifa solium or
neurocysticercosis?
a)Yes  b)No_
30. Disease control and prevention?
a)Yes_ _b)No__
31. Is the measure effective?
a)Yes_  _b)No__
32. Treatment:
a) Conventional ___ b) Traditional ____ c) Mixed____
33. Is the treatment effective?
a)Yes  _b)No_
34. Other comments:
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Appendix 3. Degree of infection by cysticerci in organs and muscles (n
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Appendix 3(continued). Degree of infection by cysticerci in organs and

muscles (n=47)
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Note: N, negative = 0 or no cysts; L, light infecti(Low) < 1-100 cysts per organ; H, heavy

infection (High) >100 cysts per organ; TL, totajHt infection; TH, total heavy infection.

Key: To, tongue; Es, esophagus, He, heart; Di, lriagm; Li, liver; Lu, lungs; Ki; kidney; S,

spleen; Br, brain; Int, internal masseter; Extteexal masseter; Tri, triceps bracii; Fl,

forelimbs and Hi, hind limbs.
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Appendix 4. Summary results of questionnaire surveys in pig slaughterhouses
around Phnom Penh / Cambodia (n=70)

N | Questions 0 1 2 3 4  [Total
(%) | (%) | (%) | (%) | (%) No.

1 | Educational level (1=Low, 2=Medium, 60 |31 | 9 70
3=High)

2 | Slaughter pigs for consumption perday (1 1- |0 3 89 | 8 70
100, 2=100-500, 3=500-2000, 4=more 200Q)

3 | Average slaughter pigs per day in each 11 |67 [ 22| 0 70
slaughterhouse: (1=50-200,2=200-300, 3=300-
600 4=More than 600)

4 | Environment and hygienic aspects |in 0 100 70
slaughterhouses (1=Good, 2=Paoor)

5 | Pig origins? (1=Household raising, 2= Small 40 | 33 27 70
and medium farm, 3=Intensive farm)

6 | Have ever heard of porcine cysticercosi86 | 64 70
(1=Yes, 0=No)

7 | Have ever heard of trichinellosis? (1=Ye§l | 39 70
0=No)

8 | Inspected pigs for cysticercosis? (1=Yed43 | 57 70
0=No)

9 | Which method? (1=Tongue palpation, 2=Mgat 13 | 31 | 56 70
inspection, 3=Both)

10| Find parasitic diseases of slaughter pigs? |(3% | 63 70
Yes, 0=No)

11| Confirmed infected cases of cysticercogisSs? | 63 70
(1=Yes, 0=No)

12 | How many cases per month? (1=1-3, 2=3-5, 63 |31 | 6 70
3=more than 5)

13 | Most confirmed cases? (1= Household raising, 74 |26 | O 70
2= Small and medium farms, 3= Intensive
farm)
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Appendix 4(continued). Summary results of questionnaire surveys

slaughterhouses around Phnom Penh/ Cambodia (n=70)

in pig

N | Questions 0 1 2 3 4  [Total
(%) | (%) | (%) | (%) | (%) No.

14| Inspected pigs for trichinellosis? (1=Yesl00 | O 70
0=No)

15| Ages of slaughter pigs (1=Young, 2=Medium, 9 64 | 13 | 14 | 70
3=0Id, 4=All)

16 | Pig breed? (1=Local, 2=Exotic, 3=Crossed 50 | 24 | 26 70
bred)

17| Most ages of infected pigs (1=Young, 10 |36 | 24 | 30| 70
2=Medium, 3=0Id and 4=All)

18 | Most cases infected? (1= Heavy, 2=Light) 3 70

19 | Infected carcasses and organs use for: 14 | 64 | 22 70
(1=Human consumption, 2=Processing,
3=Culling)

20| Food habits (1=Cooked, 2=Uncooked, 57 | 16 | 27 70
3=Mixed)

21 | Disease control and prevention? (1=Yes6 | 24 70

0=No)




103

Appendix 5. Summary results of questionnaire surveys of pig farms in 3

provinces / Cambodia, (n=132)

N | Questions 0 1 2 3 4  [Total

0. (%) | (%) | (%) | (%) | (%) No.

1 | Educational level (1=Low, 2=Medium, 3=High) 79 16 5 132

2 | Sizes of pig production ( 1= House hold raising, 85 |15 | O 132
2=Small &medium and 3=Investment)

3 | Pig production system? (1= Free ranging,|2= 86 | 11 | 3 132
Mixed, 3= Indoor)

4 | Target of pig production? (1=Piglet, 2= 31 | 45 | 24 132
Fattening, 3=Mixed)

5 | Buying piglets from outside for raising35 | 65 132
(1=Yes, 0=No)

6 | Age of pigs for selling (1= 2-4 month, 2+6 32 |22 | 36 | 10 | 132
month, 3=7-12 month, 4=More than 12 month)

7 | Pig breed for raising (1=local, 2=Exotic, 89 3 8 132
3=Crossed bred)
8 | Identification number (1=Yes, 0=No) 99 |1 132

9 | Types of feeds (1=Ratio feed, 2=Leftovers, 5 17 | 24 | 54 | 132
3=Mixing, 4=Traditional)

10 | Getting feeds from outside? (1=Yes, 0=No) 56 45 132

11| Drinking water for pigs and human uses: 0 17 | 66 | 17 | 132
(1=Tap water, 2=Underground, 3=Pond,

4=River)

12 | Condition of water: (1=Direct use, 2=Treated 9B 7 132

13 | Condition of holdings: floor type (1=Concreted, 4 78 18 132
2=Un-concreted 3=Mixed)

14| Environment of pig raising areas (1=Clean, 17 | 83 132
2=Dirty)

15 | Waste management (1=Good, 2=Poor) 11 89 132

16 | Having problems with parasitic diseases? | 83 132

(1=Yes, 2=No)
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Appendix 5 (continued). Summary results of questionnaire surveys of pig

farms in 3 provinces / Cambodia, (n=132)

N | Questions 0 1 2 3 4  [Total
(%) | (%) | (%) | (%) | (%) No.

17 | Have ever heard of porcine cysticercogig® | 60 132
(1=Yes, 0=No)

18 | Have ever heard daf.solium? (1=Yes, 0=No) 54 | 46 132

19| Have ever heard of trichinellosis? (1=Ye®3 17 132
0=No)

20 | Investigate pigs for cysticercosis? (1=Ye84 | 66 132
0=No)

21 | Which method? (1=tongue palpation, 2=Meat 66 |0 34 132
inspection, 3=No inspected)

22 | Investigate pigs for trichinellosis? (1=Yes]00 | O 132
0=No)

23 | Have ever confirmed porcine cysticercosi®s | 45 132
(1=Yes, 0=No)

24 | How many infected cases of cysticercosis pg4 | 28 | 18 132

month (0= No case, 1=1-3, 2=3-5,

3=more than 5)

25| Age of infected pig confirmed porcine 24 | 26 | 40 | 10 | 132
cysticercisis? (1=4 month, 2=6 month, 3=7112
month, 4= More than 12 month.

26 | Infected pigs sale for: (1=Human consumption, 14 | 61 | 25 132
2=Processing, 3=Culling)

27 | Food habit1=Cooked, 2=Uncooked, 3=Mixgd 59 | 6 35 132

28 | Sufficient toilets? (1=Yes, 0=No) 84| 16 132

29 | Human cases dfaenia solium? (1=Yes, 0=No)| 70| 30 132

30 | Disease control and prevention? (1=Yes, 0=No) 79 21 132

31| Is the measure effective? (1=Yes, 0=No 89 11 132

32 | Treatment: (1=Conventional, 2=Traditional, 3= 41 | 33 | 26 132
Mixed)

33| Is the treatment effective? (1=Yes, 0=No) 38 67 132
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