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ABSTRACT

A cross-sectional study was conducted to find the prevalence of porcine
cysticercosis and trichinellosis in slaughter pigs, sampled from 4 major slaughter slabs
in Kathmandu Valley, Nepal for the period of November 2004 to April 2005. In the
same period, 8 main hospitals of the valley were surveyed by questionnaires to find
the occurrence of human neurocysticercosis.

Of the 504 porcine carcasses inspected for cysticercosis five were found
positive, the slaughter prevalence being 0.99% (95% CI: 0.32-2.29). All the sampled
carcasses of indoor managed pigs were negative for cysticercosis while the carcasses
of both mixed and outdoor-farmed pigs showed few positive results. There was a
significant difference in the prevalences of cysticercosis among farming systems (p = 0.001).
No significant difference was found between the four major areas of origin of pigs
namely Kathmandu Valley, eastern Nepal, Terai and the adjoining districts of
Kathmandu Valley (p = 0.65). Similarly, there was no significant difference between
slaughter slabs (p = 0.85). Cysts being harboured by heart, other muscles and
diaphragm were more than those by tongue and esophagus. No cysticercus was found
in liver. The microscopic examination of the hook-armed rostellum of the cysts

confirmed that all cysts were of 7. solium.



During 2000 to 2004, neurocysticercosis (NCC) patients were found at an
overall rate of 1.02 per 1,000 admission episodes in 6 hospitals. From the remaining
two hospitals 1.5 NCC cases were found per 1,000 admission episodes and out
patients’ department (OPD) visits. The NCC rate in terms of epileptic admission
episodes was 18.7% while; in terms of admission episodes and OPD visits of
epilepsy, it was 43.2%. Survey data revealed that 32% (25/78) of the NCC cases were

from Kathmandu Valley alone.

Of the 400 sera tested for Trichinella antibodies by ELISA using larval
excretory —secretory (E/S) antigen, four were positive and one was doubtful. The
seroprevalence of trichinellosis in slaughter pigs in Kathmandu Valley was 1% (95%
CI: 0.27 - 2.54). Positive results were found only in Kathmandu Valley and adjoining
areas. There was no significant difference in the prevalences between areas (p = 0.43).
All four positive sera were from indoor managed pigs but there was no significant
difference in the seroprevalences between farming systems (p = 0.44). Similarly, there
was no significant difference in the seroprevalences of trichinellosis between
slaughter slabs (p = 0.56).

The presence of cysticercosis in slaughter pigs of Kathmandu Valley and
well-documented data of NCC cases in the hospitals showed that the conditions were
conducive for transmission of 7. solium infection in the wvalley. The low
seroprevalence of trichinellosis determined in this study deserves the direct

demonstration of the parasites for the proof of the presence of Trichinella.
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1. INTRODUCTION AND OBJECTIVES

Nepal is a landlocked mountainous country surrounded by Chima morth and
India in the east, west and south. It covers an area of 147,18 ijoareters. The
length from east to west is 885 km, and from north to south is 192Tkmn.
topography of Nepal is highly variable, ranging 60 meters abovdesehin the
southern plain to highest peak of the world, the Mount. Everesthwais an altitude
of 8848m in the north. Geographically, Nepal has three regionsy &ne the
mountainous region, the hilly region and the Terai. Fifteen penfetite total land
remains covered by snow throughout the year (mountainous region),théileerai
covers 17% and the hills 68%. According to the latest census of 2GI'N
population was 23,151,423. The annual average growth rate of populatiog thei
last decade i.e. 1991-2001, was 2.25 % (CBS, 2002). The censusvelsiedehat
49.95% of the total population was male, while the females ceathi0.05%.

Agriculture contributes to 39% of the gross domestidymt (GDP) in Nepal,
and livestock makes up 31% of the agricultural GDP. The livestock gioguin the
country namely buffaloes, cattle, sheep, goats, pigs and paulfny millions) 3.7,
6.9, 0.8, 6.6, 0.9 and 21.3, respectively (CBS, 2002). The kpopalation growth
rate is 1.12% in cattle, 1.93% in buffaloes, -0.82% in sh2@B% in goats, 4.55% in
pigs and 4.7% in poultry (CLDP, 2003). The distribution of pig populatidriis in
the high mountainous region, 58% in mid-hills and 31% in the Teraif@h&003).
Meat consumption per capita in Nepal is 8.39kg/per person/yearoBargies 6% of
total meat consumption in the country; the highest being the buffadd 51e45%
followed by goat 17.3% and poultry 15.8%. The production losses due to psarasite
and other diseases vary from one estimate to another. A modesepusted from
1991 production (Lohani and Rasali, 1995) was about US $14.8 million. Thedess w
the highest (67.7%) in buffaloes, and in pigs, it was 12.1% fhygiene and
sanitation situation in the country is very poor. This is one ofniagr causes of

parasitic diseases to both humans and livestock. The common @dieeding offal



and kitchen waste, in free-ranged and back yard piggeries, pdjeotiatributes to
the transmission of parasitic diseases (Jesili, 2004Db).

Porcine cysticercosis caused by the human tapew@enis solium andTaenia
asiatica as well as trichinellosis are among the most serious parasitnoses. There
is huge amount of economic loss in livestock sector due to thesseks&oliet al.,
2003; Dupouy-Camet, 2000). The distribution of these diseases is codarapblie
prevalence is fostered when pigs are reared traditionally émaeal to roam freely
outside. These diseases are endemic in many underdeveloped couwnitees
hygienic situations are poor and people are uneducated (Ng@lj 2004; Pozio,
2000).

Porcine cysticercosis and human taeniosis are fouegjions where pork meat
is consumed predominantly. The main areas are Central Améfitea and Asia
(Romanet al., 2000). In Asia, investigations on these subjects have been mtue i
recent past (Rajshekhetral., 2003). In Nepal, few reports are available about porcine

cysticercosis, human taeniosis and cysticercosis (&bahj 2004a).

Over the past decades, trichinellosis has beenmieedgin many parts of the
world, in new hosts and new epidemiological contexts (Pozio, 20f¥p ket al.,
2002). In Asia, many investigations have been made in Chinarighinela in
humans as well as animals (Mingyuan and Pascal, 2002). India andskepalery

few studies on this disease.

Porcine cysticercosis in China has been reported ariable percentages in
different areas (Rajshekhar al., 2003). Porcine cysticercosis in certain part of pig
farming community in India was found 26%, the human taeniosis at 38% Z¥tdof
the taeniosis patients were showing the epileptic seizurasa@®t al., 2002). Joshi
et al. (2004a) reported 14.28% of porcine cysticercosis in meat inspertion
Kathmandu in 1997 and by tongue palpation 32% pigs were positive forecyess
at the Magar ethnic community of the Syanja District in 200t prevalence of

human taeniosis in the Sarki and Magar communities of SyanjacDisas found



47.7% (Gaire, 2000). Out of total 23,402 general surgery specime8p Qvere
diagnosed as cysticercosis by histopathology in Patan HospilghuktgAmatya and
Kimula, 1999). A research conducted at Model Hospital in Kathmandu shig9éd
of epileptic patients were neurocysticercosis (NCC) caBdmkal et al., 2005).
However, more investigations are required to determine thealpreee and the

importance off. solium cysticercosis in Nepal.

The seroprevalence of porcine trichinellosis in Chiaaesgt from 0.09% to
29.63% in 7 different provinces (Wang and Cui, 2001). Serological studshioas

few sero-positive cases of trichinellosis in local m§®epal (Joshet al., 2004b).

These data clearly indicate that cysticercasistéchinellosis are prevalent in
Nepal and neighboring countries. As Nepal is in the stage of nnegpigng a meat act,
the identification of zoonosis related problems in the countimp®rtant and should
be brought to the attention of the veterinary and public health aigBofihis would
give the opportunity to draft new legislation allowing for statutmgtrol measures to

be put into effect.

Therefore, there is an urgent need to conduct researtiese serious parasitic
zoonoses in Nepal. The principal objectives of the present atedy

a) To determine the prevalence Tfsolium cysticercosis in slaughter pigs in the
Kathmandu Valley.

b) To determine the predilection sites of the cysts in prgasses.

c) Determination of additional occurrence of cysticercasiaticus or
vesicotropica, particularly in the liver.

d) Retrospectively establish the occurrence of neurocystissrdy collecting
data from human hospitals in Kathmandu Valley.

e) Seroprevalence dirichinella in slaughter pigs.



2. LITERATURE REVIEW

2.1 Taenia solium complex

2.1.1 Morphology

The adult tapeworm dwells in the middle of the snmadistine of the human
being. It has different body parts e.g., scolex with rostelimoh hooks, immature and
mature proglottids. The scolex measures approximately one mns g&owman,
1999). There are four suckers. There is a presence of an amowded) rostellum.
Behind the scolex the neck or the proliferation zone develops thelatvath the
segments. Each mature proglottid measures about 10-12 mm in lehgthtefus of
the gravid proglottid has 7 to 12 lateral branches on each Ridglottids, which
contain eggs, break off the distal end of the tapeworm, and phegettids are either
passed intact in the host's faeces or they dissolve in this ndgstine and eggs are
passed in the faeces. Eggs are brownish and rolemhia eggs have a thick,
“striated” shell and have an embryo (oncosphere) with severall laooks and an
approximate size of 40um (Urquhart, 1996). Eggs of all spedickaemia look
similar. The cysticercus is the larval or metacestode fof the adult tapeworm. This
develops in the intermediate host amhsists of an invaginated scolex. A cysticercus

measures approximately 5mm across.

2.1.2 Life cycle

The life cycle of. solium involves two hosts, the definitive host (containing the
adult, sexually-reproducing stage), the human, and an akeonantermediate host,
the pig. The adult tapeworm is lodged as a single, exclysiveéhe human intestine;
it measures 1.8-4.8 meters long and consists of repetgraents or proglottids. The
last proglottids, which are shed with faeces, contain approxiyné@e000 eggs each
(Gracey et al., 1999). When a pig ingests human faeces containing eggs or
proglottids, eggs are released in the intestine; oncospheres@mx embryos) hatch,



activate and cross the intestinal wall. The oncospheres tmavide blood (and
probably the lymphatics) via liver and lungs in the circulationh®® rnuscles and
elsewhere throughout the body, where they transform into cystiedrich are the
larval stages or metacestodes. Lesions formed by laagé stonsist of cysticerci in
cysts, are 5-8mm by 3-6mm, translucid and filled with a brdwtospinkish liquid.
Sometimes, the head of the metacestode can be seen as spatderrounded by the
host’s connective tissues. Cysts are essentially found irfotlosving organs and
muscles: heart, tongue, masseters and diaphragm muscles, slamdldetercostals
muscles and esophagus. More rarely cysts are found in lymph hiedesspleen,
lungs and the brain. Humans are accidental alternate intetmddist and, like the
pig, may develop larval taeniosis. Humans are infected diyeéngestion of food
contaminated with faeces or by autoinfection. In the lattex, @aeuman infected with
adult T. solium can ingest eggs produced by that tapeworm; either through smear

infections or possibly, from proglottids carried into the stomacrebgrse peristalsis.

Once eggs are ingested, oncospheres hatch in thenetes/ade the intestinal
wall, and flood to striated muscles as well as the braver, land other tissues, where
they develop into cysticerci. In humans, cysts can cause seguuellae if they
localize in the brain, resulting in neurocysticercosis. Siocelly, they reach up to
two cm or more without a scolex in the brain of humans in a raeefoos that may
produce bullae not enveloped by connective tissues. The parafiesydle is
completed, resulting in human tapeworm infection, when humang imgdsrcooked
pork containing cysticerci (Georgi, 1985). Cysts evaginate aadhato the small
intestine by their scolex. Mature adult tapeworms develop &fi€rweeks and reside

in the small intestine for years.

2.1.3 Pathogenicity and clinic

Generally, the human looks more or less asymptomatieicase of taeniosis
except for itching around the anus and occasionally nausea and vomiting.
Cysticercosis shows no clinical manifestations in pig eveheifclsts are present in
the brain. The metacestode at different body parts in thephodtce the cysts. The



cysticerci of T. soulim can survive for a longer period. In general, cysts tend to die
more rapidly in the predilection sites. It is suggestedithatis due to greater blood
circulation to these muscles. Conversely, the higher ragetofity in these muscles
(which in itself accounts for the greater circulation) mayndge the parasites,
allowing leakage of fluid and perhaps disrupting the parasitelgyatni evade the
immune response. Cysts at different stages of viability agdreration can be found

in the same host (OIE, 2004). solium only causes disease to humans that harbor the
larval stage, which occurs when they ingestolium eggs. The pathology associated
with cysticercosis depends on which organs are infected and thsenoincysticerci

or state of the lesion activity and host immune response (I28618). An infection
consisting of a few small cysticerci in the muscles wowkdlyi result in no overt

pathology and go unnoticed.

A few cysticerci (perhaps only one), if located iparticularly sensitive area of
the body, might result in irreparable damagesolium cysts survive for many years
in the brain of humans, and frequently symptoms begin only as théeysis to
degenerate. In brain, the parasite usually develops in theclesit Sometimes, the
granulomatous lesions are found in the brain. The cysts may be parginchymal or
multiple parenchymal scattered throughout the brain parenchymasedtbndary
complications (Garcia and Del Brutto, 2003). Meningeal and inttagealar cysts
block the cerebrospinal fluid pathways producing obstructive hydrocephalous
manifesting headache, dementia and seizures. Cysticercionwshe brain induces
inflammatory reaction to meninges, encephalon and vasculasnsegiesulting in
meningo-encephalitis and vasculitis. A cysticercus in thenggét lead to blindness;
a cysticercus in the spinal cord could lead to paralysis. P9gdkas rare occurrence
and may be seen in up to 5% of patients (Mahetjah, 2004).



2.1.4 Epidemiology

2.1.4.1 Porcine cysticercosis and human taeniosis

T. solium causes porcine cysticercosis and human neurocysticercosy.(NG
found principally in Central and South America, sub-Saharan Af@b&a and non-
Islamic countries of Asia where there are free-rangsngyenging pigs (Romanal.,
2000). Pigs may acquire massive infection because the grayiteses ofT. solium,
unlike those ofTaenia saginata, are not active and may remain in and about the
faeces, so that the eggs may be concentrated there (@tatey999). Pigs and wild
boars are the main hosts for the metacestodes. Canine infewitbnsysticerci are

rear and play little or no part in transmission @tal., 2002).

In the microscopic examination of faecal samplestag@osis is reported to be
0.11% to 50% in Asian countries. Porcine cysticercosis in Asiah(debeing the
meat inspection or tongue palpation) varies from 0.02% to 32.59%sh@kharet al.,
2003). In a review by Zolet al. (2003), porcine cysticercosis in West Africa, is
reported with the variation from 0.6% to 20.5% and in central Affican 0.1% to
39% in different regions, the methods being meat inspection or toradjptipn. In
the same review, human taeniosis in different age groups ofepogifferent parts
of central and western African countries varies from 0.09% to &78%ool sample
examination. In Latin America, human taeniosis by microscex@mination of stool
is reported at the range of 0.2% to 2.8% and by copro-antigé9AErom 3.0% to
8.6%. In Latin America, porcine cysticercosis in tongue palpataeported at the
range of 1% to 38.9% while the survey by ELISA revealed thggbence of 4% to
61% in different endemic areas (Flisseal., 2003).

Porcine cysticercosis in a pig farming communitynoid was found to be 26%
and the human taeniosis 38% (Prasiadl., 2002). In China, the infection in pigs is
highly variable ranging from 0.84 to 15% and in some areas as dsgh0%
(Rajshekharet al., 2003). Human teaniosis in China is reported 0.28% with the



variable percentages in different regions. Tibet showed a 21.084rexsce of
taeniosis in the recent survey conducted by the Ministry olttH&2hou, 2005).

Porcine cysticercosis in meat inspection was redoatiel4.28% (28/196) in
Kathmandu, Nepal, in 1997. Thirty two percent (134/419) of the pigs foers
positive for cysticercosis by tongue palpation at the Magami@tcommunity of
Syanja District, in 2000 (Joski al., 2004a). The prevalence of human taeniosis in the
Sarki and Magar communities of the Syanja District was found7&/% (Gaire,
2000). Particularly in the Kathmandu Valley, the taeniosis in muwes recorded at
1.42% (n = 211) in stool sample examination by the sedimentatitroch@Ghimire,
2002). In another study, (Karki, 2003) it was 1.48% (n = 217), the wchétbimg the

same.

2.1.4.2 Occurrence of neurocysticercosis

In 1994, International League Against Epilepsy (ILA&)ed neurocysticercosis
a main cause of epilepsy worldwidever four-fifths of the 50 million people with
epilepsy are thought to be in developing countries. The reported prevadtas of
active epilepsy in developing countries range from 5 to 10 per 1000 populati
(Robertet al., 2001). In Nepal, it is reported 7.3 per 1,000 of the populations in a
community-based survey in the Morang District (Rajbhandari, 2004)ndia a
community-based study with a comparison between urban and rurairaBeasgylore
city showed the prevalence of neurological disorder as 32 per 1000 fmmpula
(Gourieet al., 2004). As stated by Hui and Kwan (2004), in Chinese communities, the
prevalence of epilepsy has been recorded as 3-7/1000, it isatestinthat

approximately 45,000 epileptic people are in the Hong Kong alone.

Worldwide, 50,000 people die from cysticercosis ever yPhakalet al.,
2005). Studies from countries where neurocysticercosis is endi@vecreported that
up to 50% of all cases of adult-onset epilepsy are due to neurooyssiseand that
the prevalence is on the increase (Romrtaal., 2000). Neurocysticercosis is found to

be associated with the one third of the cases of epilepsysiic@&rcosis endemic



areas, Atahualpa, Ecuador (Del Bru#ibal., 2005). Neurocysticercosis is not the
problem of western countries biit solium carriers are extremely potent sources of
contagion, and human (neuro)cysticercosis can also occur in snakakgs around
immigrant carriers in western countries (Rongral., 2000). Human cysticercosis
has been a notifiable disease in Mexico since 1990, and in 1993 trenteidas 0.8
cases per 100,000. One of the highest (54.5 per 100,000) prevaleaxésuwd in
Brazil in 1995. The disease has been notifiable in Brazil si9€&2 (Romaret al.,
2000). In Latin American countries, the prevalence of cystisgcin humans by
western blot and ELISA is reported in the range of 3.4% to 24%séfét al., 2003).

In Asia, the prevalence data are available from China, Isimn€ietnam and Korea.
The prevalence survey by ELISA and western blot showed cygigisrfrom 1.7% to
13% in Asian countries. In Indonesia up to 50.6% (81/160) of human serdowede
positive for cysticercosis by immunoblot (Rajshekaher al., 2003). The
seroprevalence of human cysticercosis in central and westaoarAcountries has
been recorded from 1.3% to 2.8% in the general population. But, in endans of
Cameroon, it is recorded as high as 44.6% by AB-ELISA @ali., 2003).

Serological survey using Indirect HaemagglutinatibBid) (n = 1442 sera from
apparently normal population) in people residing in and around Pondichrethg
southern part of India, showed that 6.1% were positive for cystisisr antibodies
whereas among clinically suspected patients 22% (20/91) were founke to
seropositive (Parija and Sahu, 2003). In the analysis of a tot&l2@f of all kinds of
seizure disorders in the hospital of north-west India, 34.6% diagnosed with NCC
(Singhet al., 2005). More than 95% of NCC patients in India are vegetade®
not consume pork (Rajshekharal., 2003). To date, no case of human cysticercosis
has been reported in Pakistan, Bangaladesh and Sri Lanka €Bialgh2005). In a
report compiled by Rajshekhagt al. (2003), the seroprevalence of human
cysticercosis in China, at five high endemic zones ranged fron#%%They

estimated that there were 3 million cysticercosisepasiin China.

A diagnosis of cysticercosis was made in 0.01% (4/25083)athological
specimens examined at Bir Hospital, Kathmandu Nepal from 199996 (oshiet
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al., 2004a). In Patan hospital, Lalitpur District, 0.46% (62/23402) surg@egimens
were diagnosed with cysticercosis (Amatya and Kimula, 199%erSef the eight
epileptic Gurkha soldiers (Nepalese) serving at the Britisty annHongkong were
diagnosed as having neurocysticercosis (Heap, 1990). A reseandicted at Model
Hospital in Kathmandu showed 73% of positive cases of cysticetup&$TB out of
121 patients showing focal seizures (Dhadtall., 2005). In the report of Rajbhandari
(2004), from the total 300 epileptic cases in the Shree BireMiitary Hospital
Kathmandu, Nepal, 47% were diagnosed with NCC by CT scan and MRI

2.1.5 Diagnosis

Different methods can be applied for the diagnoé taeniosis and
cysticercosis. Coproscopy and the use of coproantigent in Eai€AorTaenia egg
identification. The morphological study of proglottids is done by microscopy
Serological tests can be applied for antigen and antibody detecthmmans as well
as pigs, whereas molecular techniques like PCR and DNA probasseful for the
identification ofTaenia eggs and cysticerci. X- rays are used for the detectionsts cy
in the muscles. CT scan and MRI are for the diagnosis of nefig@Eygosis in
humans (OIE, 2004).

2.1.5.1 Diagnosis in human

a) Adult worms

Adult Taenia infections in humans can be recognized by detectiomaeria
coproantigen in faeces using antigen-capture enzyme-linked immbeaosassay
(AG-ELISA), but the test does not differentiate speciBNA probes and a
polymerase chain reaction have been used experimentally toedtfede human
Taenia spp. The visual examination and microscopy will be aimed at studying of
following morphological characteristics. Adult solium has an armed rostellum

bearing two rows of hooks. The ovary has three lobes, there is malaghincter
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muscle and the cirrus sac extends to the excretory vesselsd €ggments have 7-12

uterine branches (see Table 1 pp. 17).

b) Metacestodes

A number of immunological tests are under developmenth&diagnosis of
cysticercosis, but remain experimental. An AG-ELISA usipglyclonal or
monoclonal antibody (used to detect antigen in cerebrospinal fluid) mndne-
linked immunotransfer blot (EITB) assay (used to detect antibo@SiR) have had
success. EITB showed specificity and sensitivity of 94% and 106%pectively
(OIE, 2004). FoIiT. solium neurocysticercosis in humans, tests for serum antibody or
serum antigen produce positive reactions that can be misleadpagiémts infected
only in the musculature. The correlation between a positive sgralatyneurological
symptoms and/or lesions indicative for the NCC on neuro-imagimgigpees is poor
to fair in most studies (Dornegy al., 2003). There is no gold standard technique fully
validated for the immunodiagnostic tools of cysticercosis.eRiy, it has been
reported that immunoblotting and ELISA showed a high correlation amdEAdBA
and immunoblotting assays are sufficiently sensitive to tedsgmptomatic or

symptomatic cysticercosis patients (lkjireteal., 2005).

The most common presenting sign is seizure in humars Twitsolium
neurocysticercosis. Ranges of efficient means of diagnosithare, but application
of these diagnostic facilities depends upon the number, locattriability or level
of degeneration of the cysticerci. Computerized tomography (€3r) and magnetic
resonance imaging (MRI) are used to detect the exact locatimhwiability of T.
solium metacestodes (Garcia and Del Brutto, 2003). But, thesginméechniques are
sometimes limited by the small size of visualized lesiork atypical images, which
are difficult to distinguish from abscesses or neoplasms (&akq 2005). Calcified
muscle cysts are detected by radiography, while PCR testd beuapplied to

unambiguously identify an actual metacestode.
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2.1.5.2 Diagnosis in pig

Metacestode i.e. cysticercus develops into ainydte muscles and organs of
pigs. These are palpable in the tongue in living pigs at anmamtem examination
and during meat inspection these can be seen visually and evetegapdifferent
organs and muscles. Light infections are easily missed on tonguagipal(Sciuttcet
al., 1998). Cysticercosis endemic areas have been using linguainatian to reject
the pigs that are recognized havihgolium larvae under the tongue for fear of losing
money due to carcass condemnation in meat inspection (Ngalj 2004). In the
meat inspection, it was estimated that 10.6% of the cystsdwbel located at
inspection sites if regulations of meat inspection were folloveeefally while doing
the meat inspection (Baa al., 2002). Serological tests for animals have not reached
the stage where commercialization for individual diagnosis getacale detection of
infected pigs is possible. In a prevalence study by Goenztler (1990), the
prevalence percentages for three different techniques remathdeéo, 31.2% and
37.7% in tongue palpation, meat inspection and serology respectMakgrnal
antibodies transferred by colostrums from sow to piglet may péosig months; this
will overlook the situation in case of serology (Goenzadeal., 1999). All assays
tested AG-ELISA, AB-ELISA, EITB and tongue inspection showed $ewsitivity in
rural pigs infected naturally with low levels ®f solium (Sciuttoet al., 1998). The
antibody-based tests also detect nonviable cysts. So far, seablegts for animals
are at the experimental stage.

2.1.6 Differential diagnosis

The cysts of th@aenia solium in the pig carcass should be differentiated from
the cysticercus tenuicollis cyst daenia hydatigena, cystic echinococcosis (hydatid

cysts) andsarcocystis cysts.

Cysticercus tennucollis: Pigs are rarely infected with c¢lgsticercus tennucollis.
These cysts are found in the peritoneal cavity, omentum, mysentt visceral
surface of the abdominal organs. In liver, they are 2-6 cm roumdbngated with
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single scolex, long neck, slightly bigger than a pea but degedesaid undergo
calcification rapidly (Gracewgt al., 1999).

Cystic echinococcosis: They are oval to spherical in shape zmdnsiy be similar in

a size to a marble to small football. Generally, they lok& jeese eggs. They are
predominantly found in the lungs and liver. Particularly in the Jiseze and shape of
the cysts may be variable according to the stage of developimgide the cysts there

are many scoleces (Gracetyal., 1999).

Sarcocystis: There are two species darcocystis infecting pigs. Sarcocystis
suihominis and Sarcocystis suicanis. The cysts are formed by the merozoites
predominantly found in the diaphragm, masseter and skeletal musdlbgart. They
are microscopic cysts up-to the size of one mm with a baname gKaufmann,
1996).

2.1.7 Prevention and therapy

The first approach for the control of cysticercosis shdie mass treatment
against human taeniosis in endemic areas where the risknefmission is high. For
the long run strategic plan, the things to be considered are¢h hedlication,
modernization of pig farming, rigorous inspection of pork in offislaughter houses,
creation of hygienic and sanitary conditions in the community aniveac
epidemiological surveillance system to identify tape worm eewriOverall, pig
vaccination, treatment of porcine cysticercosis, human riraasment as well as
health education campaigns are the possible measures of prevadticonéol ofT.
solium and cysticercosis (Sarti and Rajshekhar, 2003).

a) Pig vaccination

In searching for the best recombinant antigen to be intlidéhe vaccine

several studies have been made (Lightowétral., 2000, Flisser and Lightowlers,
2001, Plancertest al., 1999). A recombinant vaccine effective agaifstsolium
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cysticercosis in pigs has been descrilgeightowlers, 1999 Vaccines from two
different recombinant oncosphere antigens have shown to induce a®rapleear
complete protection against experimental challenge in pighttwlers, 2004). But,
there is no effective vaccine commercialized so far. Apbility of pig vaccination
in field condition depends upon cost factor, how it is easy to asi®inin mass
intervention campaigns, and subsidies from the government, as'pigréaare poor,

etc.

b) Treatment of porcine cysticercosis

Oxfendazole has been reported to efficiently (100%)iredii® pig cysticercosis
following treatment (Gonzaleet al., 2001). The drug cures the disease after three

months of its administration.

c) Human mass treatment

Praziquantal and niclosamide are two non-toxic drudgh wie taenicidal
efficacy of 95% and 85% respectively (Pawlowski, 2005). Five ghgddy weight of
praziquantal is prescribed for human mass treatment (8aml., 2000). It is
recommended that mass therapy with these drugs be administécedat year in
endemic countries. Several rounds of such therapy have been resdethover the

periods of 5 years.

d) Health education campaigns

Participation of the community and schools in maimgimiygiene has shown
the effective results. A comparative study was undertakenrurah community to
evaluate the effect of health education in both the short anidrigeterm (6 and 42
months), as an intervention measure againsolium (Sarti and Rajshekhar, 2003).
Four years after health education was implemented, no edfepigs could be

identified in that community (before intervention swine cystiosis 2.6%). Health
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education requires the multidisciplinary input and active ppdion of the

community.

e) Treatment of neurocysticercosis

Although it is known that larvicidal treatment killgbe cysts that commonly
resolve or calcify, the clinical benefit of this treatrhen the most common
presentation is unproven (Theodore, 2003). For the long-term treatment by
praziquantal, it requires higher dose i.e. 10 mg/kg body weigtgatch the efficacy
level of 100% (Sartét al., 2000). But at that level there is risk of inducing seizumes i
asymptomatic patients harboring live cysticerci (Flissteal., 1994). The treatment
modalities for human cysticercosis include larvicidal drugshsas albendazole or
praziquantal for the viable cysts, corticosteroids, antiseimedications and surgical
interventions. Recently, endoscopic surgery proved to be the optppedaeh to
ventricular cysts (Yancst al., 2005).

2.1.8 Carcass judgement

As per guidelines of FAO (Herendaal., 2000), for the meat inspection in
developing countries, the carcass with cysticercosis would besdqudg follows.
Heavy infestation with cysticercus cellulosae calls forcass condemnation e.g.
measly pork. In light or moderate infestation, the carcass Ibeayonditionally
approved pending heat or freezing treatment. The freezingeatatncludes -5°C for
4 days, -20°C for 12 hours (Gracetyal., 1999).
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2.2 Taenia asiatica complex

Taenia asiatica is a species of human tapeworm found in Asian countries. In the
beginningT. asiatica, on the basis of its morphological structure was classifdatia
strain or subspecies dfaenia saginata (Bowles and McManus, 1994; Fa al.,
1995). Zarlenga and George (1995), on the basis of their mitochormixAl
findings, considered the parasite at a species l@vedsiatica like T. saginata is
unable to cause human cysticercosis and to produce human intermefgistation
(Galanet al., 2000).

The adult worm in humans has an ovary, vaginal sphimetecle and cirrus sac
like those ofT. saginata. But, T. asiatica has unarmed rostellum on the scolex of
adult. There exist posterior protuberances on segments and 16-21 iteistiean et
al., 1995). Segments are passed singly and often spontaneously. Metacastode
small, about two mpand have a rostellum and two rows of primitive hooks, those of
the outer row being numerous and tiny. asiatica metacestode (cysticercus
vesicotropica) was different morphologically fromi. saginata metacestode
(cysticercus bovis) in having wart-like formations on the extesuaface of the
bladder wall (Eom and Rim, 1993). They occur mainly in the livedarhesticated
and wild pigs, occasionally in cattle, goats, and monkegtacestodes may be found
on the omentum and, rarely on the lungs and colonic s@fesacharacteristics of.

solium, T. saginata andT. asiatica are shown in Table 1.
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Table 1; Characteristics of three huniaenia speciesT. solium, T. asiacticaand T.

saginata).

Char acteristics

T. solium

T. asatica

T. saginata

Cysticercus

Pigs, human beings, dog

Pigs, cattle, goat
S,

Intermediate host$ _ monkey, wild | Cattle, reindeer
wild boar
boar
Localisation Muscle, brain, skin, eye, Viscera, mainly | Muscle, viscera
tongue liver brain
Size (mm) 5-8x3-6 2x2 7-10%x4-6
Rostellum with
_ ) No rostellum,
Scolex Rostellum with hooklets  rudimentary
no hook
hooks
Adult tapeworm
_ Rostellum with | No rostellum,
Scolex Rostellum with hooklets
no hooks no hook
Number of uterine
branches in gravid 7-12 16-21 18-32

proglottids

Expulsion from

human

Mainly in groups,

passively

Single, actively

Single, actively

(Ito et al., 2003)
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2.3 Trichinella complex

2.3.1 Morphology and types of species

Trichinella is a genus of nematode parasite with many species, deesdisly
pierced in the small intestine, and belongs to the famiighuridae. The male is 1.4
to 1.6 mm long. It is more slender at the anterior than therposéed. The anus has
a large papilla on each side of it. A copulatory spicul@akisent. Stichocytes are
arranged in a row following a short muscular esophagus. The fesnalb®ut twice
the size of the male, also tapering towards the antenidr The vulva is located near
the middle of the esophagus, which is about a third the length of the Toelgingle
uterus is filled with developing eggs in its posterior portion, e&grthe anterior

portion contains fully developed, hatching juveniles (Soulsby, 1982).

Seven species ofichinella are recognized (OIE, 2000). These aré@richinella
spiralis (T-1), 2. Trichinella nativa (T-2), 3. Trichinella britovi (T-3), 4. Trichinella
pseudospiralis (T-4), 5. Trichinella murrelli (T-5), 6. Trichinella nelsoni (T-7) and 7.
Trichinella papuae (T-10).

Trichinella spiralis is very important species among all. It is commonly
associated with domestic pigs therefore belongs to the domgsigc This species is
distributed in temperate regions worldwide and is highly infedtivepigs, mice and
rats (Kapel, 2000)Trichinella nativa has limited infectivity for pigs. It exists in cold
climates and is found in the sylvatic cycle in wild canidsarbend walrus. This
species is resistant to freezing (Pozio, 200Ujichinella britovi is found
predominantly in wild animals, although it may occasionally be foungigs or
horses. It occurs in temperate regions of Europe and Asia (Maral, 2000).
Trichinella britovi has some of the intermediate characteristics of other especi
including some resistance to freezing, moderate infectiitgine and slow capsule
formation (larvae have been confused for non-encapsulating spe@esie cases).
Trichinella murrelli is found in wildlife and occasionally horses, humans and

domestic pigs. It is a North American speci&schinella nelsoni has been reported in
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wildlife in Africa. It has greater resistance to high parature as compared with other
species oflrichinella (Pozio and La Rosa, 2000).

Two species dirichinella do not form a capsule in muscle. They arehinella
pseudospiralis and Trichinella papuae. Trichinella pseudospiralis is cosmopolitan in
distribution and has been recovered from raptorial birds, wildiwares, rats and
marsupials in Asia, North America and the Australian subgenti (Pozio, 2000).
Trichinella papuae has only been reported from Papua New Guinea to date. In
addition to the species described, several other isolates@mgnized. As molecular
techniques are refined and further comparative studies arerpedanTrichinella
isolates, further taxonomic resolution is proposed for this genus ¢Nefral., 2000).
A new Trichinella species that infects both reptiles and mammals ca@tistiinella
zZimbabwensis was discovered in Zimbabwe. This species is non-encapsulaieid (P
et al., 2002). AllTrichinella species are considered infectious for human.

2.3.2 Life cycle

This nematode has no stages outside a host. The aduk & found attached
to or buried in the mucosa of the duodenum. After mating, the rdades-emales
(viviparous) produce living young larvae (approximately 1,500 perlerover a
period of two months depending upon the amount of worm burden and the
immunological response of the host self cure phenomenon) and thenrsae eater
the lymphatics and mesenteric veins and are found throughout thel aiteulation
between the 7 and 2%' day after infection via the hepato-portal system through the
liver, heart and lungs (Stragt al., 1999). From three weeks on, they are transported
to striated muscles, penetrate individual fibers, and cystsfamed around the
juveniles. Within cysts, juveniles remain viable for maegng, up to 25 years in man
and 11 years in pigs because they trigger the formation of a ceitsaround the
muscle. When viable encysted juveniles are ingested, tbayigested from the cysts

and pass to the duodenum where they mature.
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2.3.3 Pathogenicity and clinic

The pathogenicity of all the different speciesTathinella has not yet been
totally explored in animals and humans. For the most commompiralis, the

following clinical signs have been found.

Trichinellosis is rarely detected clinically in muais. Trichinellosis can range
from asymptomatic to fatal, depending on the infective dose anchhegaistance of
different host species. In humans, in the week following ingestianfefted meat, a
patient may show the intestinal phase of pathogenicity, theseaa vomiting,
diarrhoea and abdominal discomfort due to intra-intestinal activifethe adult
worms (Urquharet al., 1996). In the parasitemic phase, the worms get circulated in
almost every organ of the body. In the muscle or rheumatoid pitese,is sudden
onset of muscle soreness and pain. In ca3eidfinella infection, the symptoms like
fever, edema of the upper eyelid and urticarial rash candreise to 8 weeks after
ingestion. Eye pain, photophobia, thirst, profuse sweating, chillsvaaétness may
also occur. Recurring high fever (as high as 104°F) usually aftgrs1 to 6 weeks.
In most severe infections cardiac and neurological complicatikaslindness and
heart attack may occur and sometimes result in sudden death diwifigv@eks of
infection. Laboratory tests will show a rapid increase inrexqsiils level in blood
(Soulsby, 1982).

2.3.4 Epidemiology

Trichinellosis is recognized in more than 100 aninp&Ecies in areas with
different geographical and ecological characteristics (Pozio, 20@@gpendent
sylvatic and domestic zoonosis cycles of infection occur.sphatic cycle involves
wild carnivores such as foxes, jackels, wild boars, black bleas$, pigs, walrus etc.
And these animals maintain the transmission (Soulsby, 1982). Hunegnbauome
infected following the ingestion of game meat. The synanthropic zisowgsle
occurs primarily in pigs and rats; occasionally cats, dogs andrisumay become

infected. The anaerobic metabolism of larvae in nurse abtig/s their survival in
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extremely decayed meat. Encapsulated larvae in the decompostagscéunction
similarly to the larvae of other nematodes, suggesting tmatnatural cycle of
Trichinella includes a free-living stage when the parasite is ncelopgptected by the
homeothermy of the host (Pozio, 2000). Outbreaks of trichinellosis baea
associated with horses. Horses are susceptible to infection andbemiafected if
processed horse feed contains remnants of infected meatd&ygs,cats, horses, rats
and many wild animals such as, bears, wolves, wild boars, fm@sarctic marine
mammals can serve as reservoirsTiachinela (Urquahartet al., 1996). Trichinosis
occurs worldwide and affects peoples of all ages. The globallpreesof the disease
is difficult to evaluate but as many as 11 million people migghtnfected (Dupouy-
Camet, 2000). Depending on local customs regarding eating pork or unds=tcook
meat the incidence of disease is variable. The disegsaticularly worrisome in the
Balkans, Russia, the Baltic republics, in some parts afa&Cand Argentina (Dupouy-
Camet, 2000).

Many reports offrichinella are found from China. In the report compiled by
Mingyuan and Pascal (2002), the first outbreak of trichinelioshina was reported
in Tibet in 1964. After that until 2002, a total of 25,161 human casdsbban
reported and out of them 240 were death cases. Epidemiologicaystasxe shown
that 94.3% of human trichinellosis outbreaks nationwide weresechlby the
consumption of raw or under-cooked pork. The prevalence of porcine trlokiael
was recorded at 4% in China. The Nanyang province showed a prevale&8®:2%
while in Beijing it was 7.3%, in 1997. Dog trichinellosis vdrieom 9.82% to 44.8%
in different provinces of China while the rat trichinellosisswieom 1.98-15.06%
(Wang and Cui, 2001). The method of diagnosis was microscopy in sdk.ca
Seroepidemiological surveys by ELISA using E/S antigen in humaolgtions of
ten Chinese provinces showed a prevalence of trichinellosis %5b& (Wang and
Cui, 2001).

The first case of trichinellosis in man from Inevas discovered incidentally
during drainage of psoas abscess (Mokaml., 2002). In a study conducted in

Hongkong, the sera of 18 Gurkha/Nepali patients with clinicalif@stations of acute
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trichinosis were tested foF. spiralis antibodies by IgE, IgM and IgG-ELISA, 1gG
radioimmunoassay (RIA) and the indirect haemagglutination td#t) (INinety four
percent of patients were positive for IHA, 1gG-RIA and IgGHEA. In muscle
biopsies, results were positive for only in 56% of patients éAal., 1983). The
serological study by EITB showed two positive cases of tricloisisl out of 425 sera
of local pigs of Nepal (Joshet al., 2004b) although in ELISA by synthetic beta-

tyvelose an unexpectedly high prevalence was noted.

2.3.5 Mode of transmission ofrichinella spiralis

Trichinella spiralis, the agent of the domestic type of trichinellosis, has a typical
life cycle pattern irpigs, rats and humans. Transmission occurs by ingestion of raw or
undercookedneat containingrichinella larvae. Pork and pork products are the most
likely sources but beef products, which may become inadvertently atkedtevih
raw pork during processing, may also be a source. There is no persorstmpe
spread oftrichinosis (Urquharet al., 1996). The usual incubation period is 8 to 15
days. If a large number of larvae irggested, symptoms may occur more rapidly.
Animal hosts may remain infective faronths, and meat from these animals remains
infective until sufficient cooking, freezing or irradiation killse larvae. Disease in
pigs is perpetuated by swifeeding, eating infected rodent carcasses, tail-biting,
infestation by faeces from freshlyfected animals or feeding of non sterilized human
food residuals (Urquhast al., 1996). Farm management practices play an important
role in the outbreak of trichinellosis in pig farms (Gamble and B1889; Gamblet
al., 1999). Transplancental transmission of larvae occurs in amdehumans, but not

in pigs (Bowmann, 1999).

2.3.6 Diagnosis

Diagnostic tests fdirichinella infection fall into two categories: direct detection

of first-stage larvae encysted or free in striated mussseies, and indirect detection

of parasites by tests for specific antibodies (OIE, 2000).
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2.3.6.1 Serodiagnostic methods

The immunofluorescence antibody test (IFAT), westeoh dohalysis (WBA),
complement fixation test (CFT) and haemagglutination test (H&&)examples of
conventional serodiagnostic methods that are labour intensive and banaséd in
an automated system. As a result, these methods are monsiggpa comparison to
the enzyme-linked immunosorbent assay (ELISA) and are prefdiseniged in

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

The sensitivity of serological methods is equal tbetter than direct methods.
In light or moderate infections in pigs, a serological respons#ten not detected
before 3 weeks or longer after muscle larvae become infe@@amble, 1996). The
time of seroconversion is correlated to infection dose (Noeklar., 2000). In old
infections (sows), the antibody level decreases 4-5 monthsiafégtion. In such
cases, a false-negative serological result might bengatain serology, the enzyme
linked immunosorbent assay (ELISA) is the best method for the-raottem
detection ofTrichinella infection (OIE, 2000). Infection level as low as one larva pe
100 grams of tissue has been detected (Gaenhble 1983). The specificity of ELISA
for Trichinella infection is directly linked to the type and quality of the antigen
employed in the test. Excretory-secretory (E/S) antigens, whieh metabolic
products collected by in-vitro culture of muscle larvae providembst specific and
economical source. There are no known cross-reactions using thigeasnthe use
of E/S antigens in ELISA is recommended for surveillance progréStrawet al.,
1999). E/S antigens in ELISA can be used to detect the antibcelyolesther species
of Trichinella too. In case of somatic antigens, such as crude worm exitao$s-
reactions with antigens of other nematodes may cause fageqpaesults (Gamble
etal., 1983).

A synthetic glycan antigen has been developed for udd S9AERecently, it has
been reported that a synthetic glycan antigen, beta-tyvelose regppea be less
sensitive than the E/S antigens and beta-tyvelose antigemataye suitable for
screening of trichinellosis in pig herds (Molkdral., 2005). However, due to failure
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to detect infected pigs during both the early and the very tages of infection,
ELISA can not be used to replace the direct method. Thereimrepnfirm the
seropositive case, 100g or more muscle tissue has to be gstkgestion method
(OIE, 2000).

2.3.6.2 Identification of the agent

Two general methods, compression or digestion of mussietiare used for the
direct detection ofTrichinella infection. Trichinella larvae are seen under a
microscope/trichinoscope. The predilection sites in pigs are iredéisg order of the
diaphragm (crus), tongue, masseter and abdominal muscles, althouglarttaiy
depends on the degree of infection and types of pig reandgdi/outdoor) (OIE,
2000). The direct method will identify the infected pigs 17 dayesr afkposure but
remains effective if larvae are viable. The selection oappropriate method for
direct inspection foifrichinella infection depends on the facilities available and the

number of samples to be tested.

a) Trichinoscopy (compression) method

Twenty-eight small pieces of muscle of about 2mOmm (size of an oat
grain), with a total weight of about 0.5g, should be taken froen prescribed
predilection sites. The muscle pieces are compressed betwedgialss plates until
they become translucent, than examined individuallyTrochinella larvae, using a
trichinoscope or a conventional stereo-microscope (15-40 x magoificdOIE,
2000). The specialized microscope the trichinoscope has an edtigfatgency of
detecting as few as three to five larvae/gram of tiskukas the disadvantage of
requiring considerable time and labour for the inspection of muls@ieples from
each carcass. It is also very difficult to detect theaarofT. pseudospiralis, which

are free in muscle cells, with this method.
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b) Digestion method

This method involves the digestion of individual or pooledsateu tissue
samples, followed by selective screening, filtration or sediation procedures.
Finally these samples are examined microscopically for theepce of larvae.
Stirring or homogenizing the digest mixture may mechanicadlgisa digestion
methods. The magnetic stirrer method is a very popular method (ESQ%2).
Digestion methods have an efficiency of approximately threeadégram of tissue
examined when the tissue sample size is one gram. As ancattiy test, the
digestion of up to 100g of tissue will ensure an accurate diagndssdigestion
method is applicable in the slaughterhouses where a large numhggsofare
slaughtered for pool sampling. This method is cost effectivéhipooled samples
and even more sensitive than the direct microscopy. In the idigesichnique,
individual samples of 100g may be taken from one animal, or muigteples may
be collected from a number of animals to make a 100g pool. Theosites samples
that make up the pool determine the sensitivity of the method @DIED).

2.3.6.3 Polymerase Chain Reaction (PCR)

For species differentiations fichinella, PCR is applied. Species identification
will be a valuable tool in the study of parasitic epidemiolagyg then the assessment
of risk factors. It has been claimed that a single R&Rfor simple differentiation of
all currently recognized genotypes Tfichinella is made possible (Appleyast al.,
1999).

2.3.7 Prevention and therapy

The prevention of trichinellosis by proper meat inspeads a classic example of
successful veterinary public health measures (Urquhart, 199@puntries where
domestic pig infections are virtually non-existent, monitoringraechinella infection
in wildlife could also contribute to understanding the infectiosguee from nature to

livestock. Trichinella-free pig farming is a feasible option for controlling this



26

zoonosis, even in endemic areas. All animals with accesBetervironment, or
animals that are fed with potentiallyichinella-infected feed (swill, carcasses) will
always constitute a public health threat, and must be inspectiddually at

slaughter (swine, horses, wild boars). If no control systentsexts whatever reason,

the public should be educated not to consume improperly cookdéd mea

Cooking meat products to an internal temperaturelefst 65.6°C to 77°C can
kill the Trichinella larvae. Freezing pork less than 6 inches thick for 20 daybat-
or three days at -20°C kills larval worms (Stratal., 1999). It is recommended to
cook wild game meat thoroughly. Freezing wild game meats, ufrllezing pork
products, even for long periods of time, may not effectivelyatilivorms. Cook all
meat fed to pigs or other wild animals. Do not allow hogs taieaboked carcasses
of other animals, including rats, which may be infected withinellosis. Clean meat
grinders thoroughly while preparing ground meats. Curing (saltingygjrsmoking,

or microwaving meat does not consistently kill infective worms

Pigs infected withTrichinella are not treated with anthelmentics as the
treatments are costly and results are unsatisfactory. Teeatfar a person with
trichinellosis is also not yet totally satisfactory; it@hwes administration of the drug
thiabendazole or mebendazole (Soulsby, 1982). The patient is usually given

analgesics and corticosteroids to reduce inflammation andreapain.
2.3.8 Carcass judgment
According to Herendat al. (2000), a carcass infected wikhchinella should be

condemned. This attempt is very essential in the prevention anttolc of

trichinellosis.



3. MATERIALS AND METHODS

3.1 Farming systems and breeds of pigs

There are three pig production systems in Nepal. Tdresendoor, mixed and
outdoor. In the indoor system, improved pigs are reared, althoughisdigenous
pigs may be reared in this way. Although these pigs are protetisd eéxternal
inclement conditions they are nevertheless prone to diseaseiadsd with poor
sanitation and other adverse indoor keeping conditions for exampleatientil
crowding etc. In the mixed (indoor/outdoor) system, both indigenous andveatpr
(crossbred) pigs are reared outdoors during the day and kept indoors Hermght
(Dhaubhadel, 1992). Under this system the opportunity for eating cowetiztiifeeds
and acquiring infections like parasitic infestation and other sispeoblems is very
high. Few native pigs, e.g. Hurra and Chwanche are rearbd inee ranging system
(out door system) (Joshi and Shaha, 2003).

Nepal has three pig breeds identified as indigenouleircdauntry. They are
Bampudke, Chwanche and Hurra (Joshi and Shaha, 2003). Bampudke pigs are found
in the lower hills while the Chwanche are found in the middle mawnia regions
and Hurra in the Terai. Over the years, government instituéindsion-governmental
agencies have imported some exotic breeds like the Hampsdidrace, Tamworth,
Saddleback and Fauyen, with a view to upgrading native ones. dkierilfas
Agricultural Centre, a government institute, focuses on impraiedplack pig called
the Pakhribas Cross. But, these Pakhribas Cross breeds arer poghka country

with the common name of “Dharane” pigs.
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3.2 Study area

Nepal has four climatic seasons (a) spring: Maralg-§) summer: June-August
(c) autumn: September-November (d) winter: December-Febriiaey.Kathmandu
Valley, which is bowl-like in topography, stretches for approximagfykm from
east to west and about 20km from north to south. This valley lies reight of
approximately 1300 meters. The heights of the surrounding mountains range fr
1500 meters to 2800 meters. The temperatures of Kathmandu Valleg dvirter
and spring are in the range of 1.9°C to 20.7°C and 10°C to 28°Cstieslye The
mean rainfall in winter is 20mm while in spring it is 55mhhere are three districts
in Kathmandu Valley namely, Kathmandu Lalitpur/Patan and Bhaktapuar@isvihe
south-west of the valley there is the Dhading District; towdhes north-east and
eastern part the Nuwakot and Kavrepalanchowk districts aratesiturespectively.
The map of Nepal showing the study area and the places of ofigiaughter pigs is

presented in Figure 1.
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3.3 Slaughter Slabs

According to the Third Livestock Development Projedi{P, 2002), a total of
50 pigs are slaughtered every day in Kathmandu Valley. There is qo pi
slaughterhouse in the valley. Pigs are slaughtered at slastditer The slabs were
numbered as Slab-1, Slab-2, Slab-3, and Slab-4. Slab-Ilatedbin the Patan District.
Slab-2 and Slab-3 are located in the Kathmandu District whe&ab-4 in the
Bhaktapur District. Among these slabs, Slab-1 also callegpdii’”, is the registered
slaughter slab for pig slaughtering under the Department of tbidlesServices
Ministry of Agriculture and Co-operatives. All other slabs aneegistered. Slaughter
pigs in these slabs come from different areas of Kathmandeyyail addition to
those, from eastern Nepal, Terai and adjoining districthefvalley i.e Dhading,
Kavrepalanchowk and Nuwakot. Dharane pigs are brought from east@ad Bnd
Hurra from the Terai. Most pigs coming from adjoining areaskatdimandu Valley

are of the improved breeds.

a) Slab-1

“Nippon”, Slab-1 is the modern one. A meat shop is athtd this slab. About
8-10 pigs are slaughtered per day. The main importance of thishtdawgab is
slaughtering of only male Dharane pigs. Nippon has selectigatglfor the meat
sale, who prefer the meat from male Dharane pigs. Thiesgschre of Rai and Limbu

communities, being migrated from eastern part of Nepal.

b) Slab-2

This slab is situated near the Bishnumati River. glab started slaughtering
pigs about 20 years ago. In addition to slaughtering improved breedsspHupiga
pigs are also slaughtered here. The Hurra breed looks quitarsimivild boar and
hence, in the market, the meat of Hurra is as popular dd bear meat”. About 10

pigs are slaughtered per day.
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c) Slab-3

This is the oldest slaughter slab, situated ateh&e of Kathmandu Valley, but
has not been registered yet. Pigs slaughtered here come &dtatthmandu Valley
and the adjoining areas. They are mostly white coloured piglso#dh there is no
meat shop attached to the slab nevertheless the offal iatdble slab itself. About 7-

10 pigs are slaughtered per day.

d) Slab-4

This slaughter slab is situated in the Btpakt District. Here, all types of
pigs are slaughtered. The capacity of this slab is 8 to 10 pigiapePigs come from

Kathmandu Valley and nearby areas only. There is no meat stiopsaughter slab.

3.4 Sampling procedure and biological sample collection

3.4.1 Sample size determination

The total pig population in the country is about 0.9 milfil©dBS, 2002). Since
there was no reliable information on prevalence of porcine ceystisis and
trichinellosis, the sample size was calculated on the basis expected conservative
prevalence of 50%, 95% CI, 5% error (Win Episcope 2.0) and for3B&tcarcass
examinations and serum collections were sufficient for the |ees@ survey for
cysticercosis and trichinellosis. The study population was thglsiered pigs at the 4
slabs.
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3.4.2 Collection of biological samples

3.4.2.1 Sampling schedule

This study was a cross sectional study design, in vhelmdividual pig was
the sampling unit. Sampling methods consisted of convenient sammlinge
slaughter slabs and random sampling of slaughter pigs at theotisteughter. The
visitation weeks for slaughter slabs were chosen randomly. @hwlss were
collected from November 2004 to April 2005. A total of 504 carcasses @amined
for cysticercois with an equal number of samples distributiaaeh slab (126) since
the over all number of pigs slaughtered in each slab remairthe isimilar range. In
total, 400 serum samples were collected and each slab accounféiD feera. The
total visitation days to the slaughter slabs for meat irigpeavere 84 days and for

serum collection 67 days. Sample collection was done 4 dagela

3.4.2.2 Collection of cysts and blood samples

The method of meat inspection was based on the OIE igesldbr meat
inspection of cysticercosis (OIE, 2004). Meat inspection was dopnevisual
inspection of the carcass, its cut surfaces and the organs wittd look for the
cysticerci. The external and internal masseters and the ptmugacles, were each
examined and incisions were made. The freed tongue was examguadiyviand
palpated. Pericardium and heart were examined visually. @& Wwas incised once
lengthwise through the left ventricle and inter-ventricular septhos exposing the
interior and cut surfaces for examination. The muscles of thehidigm, after
removal of the peritoneum, were examined visually and inciseel.eSophagus was

examined visually.

In the examination process, if a cyst was founteainspection sites, the whole
carcass was then further inspected in detail taking peoni$som the butcher. The
muscles examined were external masseter, internal masgste&xs muscle, tricep

brachii, forelimb muscle, hind limb muscle and abdominal muscletsCwere
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counted and recorded according to the scoring method. The scoringdneetisisted
of if no cyst =0, cyst 1 to 5 = 1, and more than 5 = 2. Thekrirom each part
were collected in a small polythene bag separately and wetrdrkeen at -25°C until

the final morphological examination was done.

The traditional method of pig slaughter does not includebtbeding step.
Scalding follows right after stunning and then the evisceratibos,Tthe blood was
collected from the heart during the evisceration. The blood wasediately
transported to Central Veterinary Laboratory (CVL), Tripureshvw athmandu and
centrifuged to separate the serum. The serum samples weszd st -25°C at the

same laboratory.

3.5 Microscopic examination of cysts

Frozen cysts were thawed in the beginning. Thes ¢lish were soaked in the
10% hydrochloric acid (HCL) for about two minutes to dissolve ther dayer. With
the help of a tiny needle the invaginated scolex was sepaatedxamined under
microscope at 400x (ocular 10x, objectives 40x) magnification. aautidry
diagnosis of morphological examination was conducted at the itebrgeEal
Laboratory Regional Center for Veterinary Public Health, uRgicof Veterinary

Medicine, Chiang Mai, University, Thailand.
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3.6 Indirect, non-competitive Enzyme Linked

Immunosorbent Essay (ELISA) for Trichinella

ELISA test was conducted Begional Center for Veterinary Public Health,
Faculty of Veterinary Medicine, Chiang Mai University, Thai. The method was
the standard method described by the National Reference Labor&dory
Trichinellosis, Federal Institute for Risk Assessment (BHEg)Ylin, Germany. The
detail protocol developed by the BfR for the indirect non-competiBLISA for

Trichinella is as follows.

The ELISA-Kit consisted of
a) Microtitre plates coated witfirichinella antigen (excretory-secretory antigen
of T. spiralislarvae); 50u(richinella E/S antigen per well, storage at 4-8°C
b) Trichinella-positive control serum (1ml, lyophilized), storage at —20°C

c) Trichinella-negative control serum (1ml, lyophilized), storage at —20°C

Additional buffers and reagents:

a) Phosphate Buffer Saline (PBS buffer) (not includebetprepared according
to protocol)

b) Anti-pig 1gG-peroxidase conjugate pre-diluted 1:10, (1ml), storage2@?C
(SIGMA, product No. A5670)

c) ABTS buffer, dry matter from Boehringer, storage at 4-8°C

d) Tablets chromogen ABTS, storage at 4-8°C

Preparation of ELISA reagents

1) PBS-Tween 20 (pH = 7.2-7.4): PBS-T was prepared by migitmafing reagents.
KH,PO, 0.4g
NapHPOy x 12 HO 5.8g

NacCl 16.0g
KCI 0.4g
Tween 20 1.0 ml

Aqua dest 2000ml
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2) Preparation of ABTS buffer (pH 3.4-3.6): Take 1.67g of cghiosphate buffer and
add 100 ml of aqua dest. Mix two tablets of chromogen ABTS (108gi)0 ml of
ABTS buffer. The resulting solution is the substrate in ABTUSer.

Test procedure for ELISA

a) Wash the microtiter plate 1 x with aqua dest and 3 x RBB-T (each for 3

min).
b) Dilute the test and control sera in PBS-T (1:100) and put into #ilés w

(volume 50pl).

Example of 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

FS29

FS33

FS37

FS41

Ncl

FS1

FS5

FS9

FS13

FS17

FS21

FS25

FS29

FS33

FS37

FS41

Ncl

FS2

FS6

FS10

FS14

FS18

FS22

FS26

FS30

FS34

FS38

FS42

Ncl

FS2

FS6

FS10

FS14

FS18

FS22

FS26

FS30

FS34

FS38

FS42

Pcl

FS3

FS7

FS11

FS15

FS19

FS23

FS27

FS31

FS35

FS39

FS43

Pcl

FS3

FS7

FS11

FS15

FS19

FS23

FS27

FS31

FS35

FS39

FS43

Pcl

FS4

FS8

FS12

FS16

FS20

FS24

FS28

FS32

FS36

FS40

PBS-T

I @ T m O O W >

Pcl

FS4

FS8

FS12

FS16

FS20

FS24

FS28

FS32

FS36

FS40

PBS-T

Ncl = negative control serum

Pcl = positive control serum

FS = Field sample

¢) Incubate for 30 min at 37°C and wash as under b.

d) Add 50ul anti-pig IgG peroxidase-conjugate (pre-diluted 1:10) atdiihation
of 1:1200 in PBS-T to all wells.
e) Incubate for 30 min at 37°C. Wash under b and finally wash dga with

agua dest.
f)  Add 50ul of freshly prepared ABTS prepared under 2 (substrate todita

all wells.
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g) Read the plate for extinction value/optical density value (6f0he samples
at 405nm if the positive control serum has an OD of 1.300-1.400. Th reac

this OD value, incubate at room temperature for about 20-30 @sinut

Calculation and evaluation of test results

The results are calculated according to the “reference sthmdethods”, i.e. OD
values of samples are related to those of the positive camt¥6las ELISA-index in
the following way

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

NE = OD-ODneg

b) Calculation of mean netto extinction (mMNE) of positive ancatieg control and
samples

c) Calculation of ELISA-index. The mean extinction of the san{pldlE samplg is
related to the mean extinction of the positive control (mbdE The positive control
has an ELISA-index of 100%.

MNEmple
ELISA-index (%) = x 100%

MNEpos
d) Evaluation of test results:
“Trichinella-negative” ) ELISA-index (%) <8
“Trichinella-questionable” (?) 8 ELISA-index (%) <14
“Trichinella-positive” (+) ELISA-index (%) > 14

3.6.1 Titration procedure

The positive and doubtful samples were confirmed bytiditraaccording to
procedure described in Nockleral. (1995).

The ELISA plate is washed with PBS buffer and blot idryhe first 4 wells of
the first column 10ul of negative control (diluted in PBS 1: 18(Qdded and in the
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remaining 4 wells the positive control is added with the sdilogion and amount.
The positive and doubtful samples found in the screening teglilated as 1:10,
1:20, 1:40, 1:80, 1:160, 1:320, 1:640, and 1:1280 in PBS. Dilution steps decasia

follows.

In the first row of ELISA plate except the firsely mix 10ul of sample and
90ul of PBS and in wells of the remaining rows except the gustc0ul of PBS in
each. Now, mix sample and PBS thoroughly in the first row and drawOpu from
there and put into the second row, mix well in the second row and égain50p|
from there and put to thé“3ow. In the same way go up to the last row and from the
last row discard 50l solution. Thus, required serial dilutions caobtsned. Now,
incubate the plate for half an hour at 37°C, take it out ofrtbebator and wash by
buffer three times and blot dry. Add the conjugate and incubate tgaialf an hour
at 37°C. Wash the plate by PBS once and three times withedistiater. Finally, add
ABTS and read.

Criteria for evaluation of titration results

The sample is positive if ELISA index is eighty peatcand above in 1:10
dilution. The border line titer is defined as the titraticgpsat which the sample still
shows the positive OD value. The minimum border line titer shbeldL:80 for
positive samples. If the ELISA index at 1:10 dilution is less #@% the sample is a
negative sample. An ELISA index of 40% to 80% at 1:10 dilution s£rilged as a
doubtful sample (NOcklest al., 1995).
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3.7 Questionnaire survey for neurocysticercosis

Questionnaires (reproduced in the Annex 1) were admedste the hospitals
along with the authorization letter from the Public Health Depamt, Kathmandu
Metropolitan City (KMC), and the Directorate of Animal Healtbepartment of
Livestock Services (DLS), Ministry of Agricultures and Ceodives, Nepal. Table
2, shows the details about the hospitals of Kathmandu Valleyhasd surveyed for
neurocysticercosis (NCC). In total, 8 hospitals of the valleye surveyed. The
concerned specialists and medical recorders of the respécspitals answered the
guestionnaires after reviewing the hospital records of 2000 to 2004surey was

conducted once a week from November 2004 to April 2005.

Table 2; Different hospitals surveyed in Kathmandu Valley for nestmercosis,
Nov. 2004 to April 2005.

Types of hospitals
Description National Private Community
Total hospitals 13 30 9
Hospitals with NCC
data 6 NA* 0
Hospitals surveyed 3 5 0

NA* Information not available

The admissions in the hospital do not represent the nwhiepatients, as a
person may have more than one admission within the year. Thete®results are
presented in terms of NCC patients per 1,000 admission epiandddCC patients

per 1,000 admission episodes and out patients’ department (@#b)
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3.8 Data management and analysis

Data entry and statistical analysis were aroet using the Microsoft Excel
(MS-Excel) Statistical Software (Version 2002) and NCSS (@ersl997). A
significant level (alpha) equal to 5% (p = 0.05) was used atwdifterence between

values were considered statistically significant.

Prevalence and sero-prevalence were estimatibe asimber of infected and/or
exposed individuals from the total analyzed. In case of trithgie, the ELISA
indices were calculated by using the formula described ipriftecol of ELISA from
BfR. The prevalence and the confidence intervals were cadulay using the
method described by Collett (1999). Kruskal Wallis test was weeéind the
significant difference in the prevalences among slaughter sdabas of origin and
farming systems for cysticercosis as well as trichinalosileans and standard
deviations (SD) as well as ranges for the small and laogeellar hooks were
calculated. In hospital survey data, the percentages of [E€€3 a¢n terms of epileptic
admission episodes were calculated. Demographic charticeedB NCC cases were

calculated in percentage.



4 RESULTS

4.1 Sources and some characteristics of slaughterigs

Slaughter pigs in Kathmandu Valley were from 9 diffeezeas in Nepal. These
areas are three districts of Kathmandu Valley namely KathmaRdtan and
Bhaktapur, and three adjoining districts. The latter are DhaHiag,e and Nuwakot.
Other sources of those pigs were the Morang and Sunsari disfrietstern Nepal
and the Terai region. The ages of those pigs ranged from 4 momtAsiionths with
the most prevalent age being 7 months. A total of the sampiedssas for meat
inspection, 69% (349/504) were male pigs and 31% (155/504) females.um ser
collection, the distribution by sex was 68% (273/400) males and 32%4QM7/
females. Slaughter pigs were comprised of six breedy. Whee Dharane, Landrace,

Yorkshire, Hurra, Local Cross and Hampshire.

4.2 Prevalence of porcine cysticercosis

Out of 504 carcasses examined during this study only Sssascevere positive
for cysticercosis, giving the prevalence of 0.99% (95% GR-2.29).

Table 3 shows the distribution of cysticercosis positaseasses by farming
systems, areas of origin and slaughter slabs, in KathmandayVa&bout seventy
four percent (372/504) of sampled carcasses were from the indoor edapas.
None of them was positive for cysticercosis in post mortemegigm. Twenty five
percent (127/504) of the sampled carcasses were from mixed fargsedrpur were
positive among them giving the prevalence of 3.14%. Of thechveasses examined
from free-ranged pigs one was found positive for cysticerc@sisrall there was a
significant difference among the farming systems in thegbeeee of cysticercosis
(Kruskal Wallis, H = 28.08, df = 2, p = 0.001).
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Table 3; Distribution of cysticercosis positive carcassefbying systems, areas of

origin and slaughter slabs, in Kathmandu Valley, Nepal, B804 to April 2005.

Total carcasses % Positive 95 % ClI
Farming systems
Indoor 372 0
Mixed 127 3.14 (4) 0.86-7.86
Outdoor 5 20 (1) 0.50-71.64
Areas
KTM Valley 243 0.41 (1) 0.01-2.27
Eastern Nepal 130 1.53 (2) 0.18-5.44
Terai 66 1.51 (1) 0.03-8.15
Adjoin districts 65 1.53 (1) 0.03-8.27
Slabs
Slab-1 126 0.79 (1) 0.02-4.34
Slab-2 126 1.58 (2) 0.19-5.61
Slab-3 126 0.79 (1) 0.02-4.34
Slab-4 126 0.79 (1) 0.02-4.34

() = Number of positive samples
KTM = Kathmandu

About 48.2% (243/504) of examined carcasses were of the@ig&athmandu
Valley alone. Of those, only one was positive, giving the precaleof 0.41%.
Twenty six percent (130/504) of the examined carcasses wergHeopigs of eastern
Nepal among them two were positive. Thus, the prevalencdaoftger pigs of
eastern Nepal was 1.53%. Carcass examination of theopi@srai and adjoining
regions of Kathmandu Valley accounted for 13% (66/504) and 13% (65/504)
respectively. Only one carcass was positive for cysticexdnoseach of these areas
with the prevalence of 1.51% and 1.53%, respectively. The KruskalisWest
showed no significant difference in the prevalences among these @ = 1.60, df =
3, p = 0.65).
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An equal number of carcasses was examined in edci B prevalence in slab
2 was 1.58 % whereas the prevalence in each of the othemslalis79%. There was
no significant difference in the prevalences among the slaughtaes (Kruskal
Wallis, H = 0.60, df = 3, p = 0.85).

4.3 Microscopic examination of cysts

The cysts collected during meat inspection were @ehinicroscopically for
the rostellar hooks. One cyst from each sample of muscle, tomgudeart was
examined. There were two types of rostellar hooks. Those vmea#f and large
rostellar hooks. All were found to have sickle-shaped structure.iZé® &f the small
hooks ranged from 91pm to 108um with a mean value of 99um and standard
deviation (SD) of 6um. The sizes of the large hooks ranged from 182 136um
with a mean of 143um and SD 6um (Table 4). The morphological ¢kasécs (size
and shape) of the rostellar hooks were comparable to thogestafeccus cellulosae
(Soulsby, 1982).

Table 4; Results of the microscopic examination of cystsoistellar hooks.

Types of hooks Mean (um) Standard Deviation (um Range (um)
Small (151 99 6 91-108
Large (15)0 143 6 132-156

( )* = Number of hooks examined

4.4 Predilection sites

Heart, diaphragm and other muscles were found heawdgtéd in all positive
carcasses. The esophagus and tongue were also found to be moderhatsyily
infected. Among other muscles, the external masseter, aht@nasseter, psoas
muscle, tricep brachii, forelimb muscle, hind limb muscle a@odominal muscle were

examined and all of them had score 2 in the scoring system. 3 ahtawvs the results
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of the record of cysts in positive samples. Heart, diaphnathnauscle showed 2
scores in all positive carcasses whereas esophagus and tooguaedhree 1 score

and two 2 scores. No cyst was found in liver, lung and kidney.

Table 5; Cysts recorded in different organs and muscles itiyeosarcasses (n*=5).

Organs Score 0 =no cyst| Score 1 =1-5 cystsScore 2 > 5cysts
Heart 5
Oesophagus 3 2
Diaphram %
Muscle 5
Tongue 3 2

n* = Total number of positive carcasses

4.5 Seroprevalence of trichinellosis

Of the total 400 serum samples tested by ELISA, fewe wositive and one was
doubtful. Table 6 shows OD values and ELISA indices of positive and dbubtf
samples in AB-ELISA. Sample 78, slab-4 showed the highest (@B9yalue. But
the ELISA index was the highest (39.30) in the sample number 73} sldte sample
number 87, slab-3 showed the OD value of 0.21 and ELISA index of e Ire-
screening stage this sample showed the ELISA index of 8.46%, vehiotveér than
14%. Therefore, the sample was confirmed doubtful.
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Table 6; OD values and ELISA indices of positive and doubtful sssnigr AB-
ELISA for Trichinella.

Slabs Samples OD Value ELISA Index % Result
Slab-2 47 0.46 18.66 +
Slab-3 65 0.31 16.57 +
Slab-3 87 0.21 9.00 ?
Slab-4 73 0.59 39.30 +
Slab-4 78 0.48 29.76 +

? = Doubtful

4.5.1 Titration results

Table 7 shows the titration results of the positive and fidusamples in
screening test. All of them showed the border line titer 8 &nd above. The highest

border line titer was 1:540 from sample number 47, slab- 2.

Table 7; Titration results of the positive and doubtful serum samplelaughter pigs

in screening test.

Slabs Samples Border titer Result
Slab-2 47 1:540 +
Slab-3 65 1:80 +
Slab-3 87 1:80 +
Slab-4 73 1:160 +
Slab-4 78 1:80 +

Out of 400 serum samples examined, 4 samples weitevg@der Trichinella

antibodies giving the seroprevalence of trichinellosis 1% (95%.27 - 2.54).

Table 8 shows the distribution of serum samples found pofitivigichinella
antibodies by farming systems, areas of origin and slauglaties. sbera from indoor
managed pigs were 71.2% (385/400), and from mixed farmed pigs 28.2% (113/400).
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All 4 positive sera were from indoor managed pigs giving tlevglence of 1.4%.
There was no significant difference in the seroprevalencdscbinellosis among
farming systems (Kruskal Wallis, H = 1.62, df = 2, p 44).

Table 8; Distribution of serum samples found positive Tiachinella antibodies by
farming systems, areas of origin and slaughter slabs, in Kathmdalley, Nepal,
Nov. 2004 to April 2005.

Total serum samples % Positive 95% CI
Farming systems
Indoor 285 1.4 (4) 0.38-3.55
Mixed 113 0o@)*
Outdoor 2 0
Areas
KTM Valley 193 1.55 (3) 0.32-4.47
Eastern Nepal 104 0(1)*
Terai 54 0
Adjoin districts 49 2(1) 0.05-10.85
Slabs
Slab- 1 100 0
Slab- 2 100 1(1) 0.02-5.44
Slab- 3 100 1(1) (1)~ 0.02-5.44
Slab- 4 100 2(2) 0.24-7.03
Total 400 1(4) 0.27- 2.54

( ) = Number of positive samples

( )* = Number of doubtful samples

About 48.2% (193/400) of sampled sera were of the pigs ahtéaidu Valley.
Sera of pigs of eastern Nepal accounted for 26% (104/400), and thoseabare
adjoining areas of Kathmandu Valley were 13.5% (54/400) and 12.2% (49/400),
respectively. Trichinella positive samples were found in Kathmandu Valley and
adjoining areas giving the seroprevalences of 1.55% (3/193) and 1248),(
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respectively. There was no significant difference in the sevajmeces of

trichinellosis among these areas (Kruskal Wallis, H =,20¥2 3, p = 0.43).

An equal number of serum samples was tested for Eirt8A each slaughter
slab. The seroprevalence of sampled pigs at slab 4 wasi@%t alab-2 and slab-3 it
was 1% in each. The doubtful sample was from slab-3. There wagymdécant
difference in the seroprevalences of trichinellosis amonggbktar slabs (Kruskal
Wallis, H = 2.01, df = 3, p = 0.56).

4.6 Results of hospital survey of NCC

The questionnaire survey revealed that all hospitats either MRI or CT scan
or both for the diagnosis of NCQverall, the answers for the suspected cause of
NCC were pork, green salad, dirty food habit and poor personal hygienex 2
shows the distribution of total patients, epileptic patients and N&f@nts in all 8
hospitals for the period of 2000 to 2004. The data of Bir Hospital (Biiphuwan
University Teaching Hospital (TUTH), Patan Mission HospifRatan), Norvic
Escorts International Hospital (Norvic), Kathmandu Medical Celléfeaching
Hospital (KMC) and Nepal Medical College Teaching Hospital ®JMvere from
admission episodes only. Data from B&B Hospital and Om Hdspitae the
combined data of admission episodes and out patients’ departni®d} (@its. The
data from Norvic Hospital and B&B Hospital were of a threerygzeriod (2002-
2004) only.

a) Occurrence of NCC cases among total admissionseges

and total epileptic admission episodes

Table 9 shows the distribution of NCC cases in tefrtstal admission episodes
and total epileptic admission episodes. NCC per 1,000 admission episadethe
highest (4.56) in Norvic Hospital and the lowest (0.16) in KMC HokpBamnilarly
the percentage of NCC in terms of epileptic admission episodethedighest (30.5)
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in Patan Hospital and the lowest (6.74) in KMC. During 2000-2004, N&&nts
were found at the overall rate of 1.02 per 1,000 admission episo@dsospitals. In
the same hospitals, the occurrence of NCC was 18.7% of epilagthission

episodes.

Table 9; NCC cases in six hospitals of the Kathmandu Valieing 2000-2004.

Patients Hospitals

Bir TUTH | Patan | Norvic* | KMC NMC Total
Total admission
episodes 47,707 80,420 | 88,200 4,166 | 36,632 | 28,726 | 28,5851
Total epileptic
admission episodes 92 471 641 120 89 159 1,572
Total NCC cases 21 40 195 19 6 13 294
NCC per 1000
admission episodes 0.44 0.49 2.21 4.56 0.16 0.45 1.02
NCC per epileptig
admission episodes
(%) 22.8 8.5 30.5 15.5 6.74 8.17 18.7

*The data were available for the period of three years @y 2002 to 2004).
NCC = Neurocysticercosis

TUTH = Tribhuwan University Teaching Hospital

Norv = Norvic Escorts International Hospital

KMC = Kathmandu Medical College Teaching Hospital

NMC = Nepal Medical College Teaching Hospital

The individual NCC patients’ list in the data fronhdspitals namely TUTH,
Norvic, KMC and NMC showed that the patients were fromoattr Nepal. The

patients from the Kathmandu Valley accounted for 32% (n = 78) in thaiae
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b) Occurrence of NCC cases among total admissionsegdes
and OPD visits and total epileptic admission epigsdand
OPD visits

During 2002-2004, 1.3 NCC cases were found among 1,000 admissmuhespis
and OPD visits at the B&B hospital (Table 10). For a longertidurg2000-2004),
NCC cases at the Om hospital were at the rate of 1.3,080 admission episodes
and OPD visits. NCC cases accounted for 42.5% and 43.5% of afissaimepisodes
and OPD visits of epileptic patients at the B&B hospital and ©Gdspital,
respectively. Overall, from two hospitals, 1.5 NCC casese vieund among 1,000
admission episodes and OPD visits in those two hospitals. NCE aaseunted for

43.2% of all admission episodes and OPD visits of epileptieqts in those data.

Table 10; NCC cases at B&B hospital and OM hospital during 2000-2004

Patients Hospitals
B&B* oM Total
Total admission episodes and OPD visits 145,009 349,306 494,315
Total epileptic admission episodes and OPD
visits 466 1,251 1,717
Total NCC cases 198 544 742
NCC per 1000 admission episodes and OPD
visits 1.50 15 15
NCC per total epileptic admission episodes and
OPD visits (%) 42.5 43.5 43.2

*Data were available for 3 years period only (from 2002 to 2004).
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c) Demographic characteristics of NCC patients imet
Kathmandu Valley

Table 11 shows the distribution of NCC cases in termsleofiographic
characteristics. Of the total 294 patients from 6 hospif#% were males whereas
41% were femaledshe distribution was the highest (40%) in the age group of above
35 years. For the age groups of 0-14 years and 15-34 years,22\VB86 and 37.5%,
respectively. The highest (48%) occurrence was noted in lowayesoriomic status
groups whereas the distribution among middle and upper economic stat@s%a
and 17%, respectivelyThe occurrence of NCC in vegetarian people was 36%.

Distribution by caste was 31% in Brahmins and 69% in non-Brahmins.

Table 11; Demographic characteristics of NCC cases, atdfrdiagnosis.

Sex (%) Age (years) Eco-status (%) Food Habitf Caste (%)
(%) (%)

g Q 0-14 | 15-35| >35| Upe Middle  Low Veg Nonveg Brah Boa

50 [ 41| 225| 375 40 17 35 48 34 64 31 69
4 = Male
Q = Female

Veg = Vegetarian

Nonveg = Non-vegetarian

Brah = Brahmins

NonBra = Non-Brahmins
Eco-status = Socioeconomic status
Uper = Upper

Lowr = Lower



5.DISCUSSIONS AND CONCLUSIONS

Over the years, government institutions and non-gowsrtainagencies have
imported and introduced improved breeds of pigs in different partdepl and
possibilities of developing small piggeries to generate chakie increased
(Dhaubhadel, 1992). This has eliminated the religious prejudice, Wwhaidhmposed
restrictions of pig farming in high social groups in Nepal. Thaual population
growth rate (4.55%) of pig is higher than any other food asirfia3% in buffaloes,
-0.82% in sheep, 2.03% in goats) (CLDP, 2003). But on the other hani@&rpiing
has not yet reached to full commercialization. Pigs aredeaith poor nutrition and

in minimal housing conditions.

A prevalence survey of porcine cysticercosis antdimedlosis in slaughter pigs
in Kathmandu Valley was conducted for the period of Nov. 2004 to April 28005.
together, about 40 pigs were slaughtered per day in 4 slaughtefrslabshere the
samples were collected. This accounted for 80 % (40/50) of thleafoslaughtered
pigs in the valley. The sample size in each slab wasulea¢d according to
probability proportional sampling. The visitation weeks for the sheda® randomly
chosen and the frequency of visits was made consistently (4adagk). In total,
504 pigs were sampled by random sampling at the time of slauditery the
survey. Thus, the study design was able to represent the pievaibslaughter pigs
in the valley.

There was no control over pig slaughtering due to lackeat mspection in the
country. An attempt was made to sample pigs from all slauglebs of the valley.
However, due to few pigs with inconsistent slaughtering atr ilados this was not
always possible. This was the main limitation of thislgt
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5.1 Porcine cysticercosis and human neurocysticercosis

The fact that the pork industry is still underdeveloped, lack of awareness of
butchers about porcine cysticercosis, tongue palpation to examicystmerci due to
cysticercus cellulosae in pre-slaughter pigs is not nornpalygticed in Nepal. In
other cysticercosis endemic areas, tongue palpations haveisegeio reject the pigs
that are recognized to haVesolium larvae under the tongue for fear of losing money
due to carcass condemnation in meat inspection (Ngbwval., 2004). In light
infections the tongue palpation is not sensitive (Scuitto, 1998). fbinerehis study
was aimed at surveying of porcine cysticercosis using mspection, to determine

the predilection sites for the cysts, and to idenkdgnia species involved.

Cysts being harbored by the heart, other muscles goitralipn were more than
those located in the tongue and esophagus. Among other musclessteh®ale
masseter, internal masseter, psoas muscle, tricep brackiimb muscle, hind limb
muscle and abdominal muscle were examined and all showed high inf@dizse
results are in accordance with Betaal. (2002). However, due to very few positive

results, a clear determination of the predilection sites auntlthe made.

The examination of the rostellum from the scolex ottikected cysts revealed
two different sized sickle-shaped hooks, small with the range of 9@ ®8um and
a mean of 99um and large hooks with the range of 132um to 156 mnaeahaof
143um. The morphological characteristics (size and types) obstellar hooks were
comparable to those of cysticercus cellulosae (Soulshy, 1823, it was concluded
that all cysts found in the meat inspection were duk $olium infection in pigs, and

no cyst ofT. asiatica was found in this study.

The prevalence of cysticercosis in slaughter pigkathmandu Valley was
0.99% (5/504) in this study. All carcasses of indoor managed pig$ whmounted
for 74% (372/504) of all samples were negative for cysticescasventy five percent
(127/504) of the sampled carcasses were from mixed farmed pigsslaughter

prevalence in those mix farmed pig carcasses was 3.14%eG@ivé carcasses from
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free-ranged pigs one was positive for cysticercosis. Oydhate was a significant
difference among the farming systems in the prevalence oteysisis. Due to the
fact that many pigs were from indoor farming and none of them foosive, the
over all prevalence was low in this study. In contrast, Ngbwaii. (2004) has reported
6.5% prevalence in indoor raised pigs although free ranged pigs ¢hbivg%

prevalence.

The ages of the slaughter pigs ranged from 4 mon##wonths with the most
prevalent age being 7 months. Of the sampled carcasses 69% (349¢584nale
pigs and 31% (155/504) females. About 48.2% (243/504) of the examined carcasses
were of pigs from Kathmandu Valley alone and only one was positive f
cysticercosis, giving a prevalence of 0.41%. Twenty sixquer (130/504) of the
examined carcasses were from the pigs of eastern Nepal anavoniyere positive,
giving a prevalence of 1.53%. Carcasses of pigs fromiTerd adjoining areas of
Kathmandu Valley accounted for 13% (66/504) and 13% (65/504), respecOvdyy.
one carcass was positive for cysticercosis in each of thesas resulting in
prevalences of 1.51% and 1.53%, respectively. Thus, these neslitisted thafT.
solium was endemic in all the areas of origin of slaughter pigsve¥er, it can be
assumed that pigs presented to Kathmandu Valley are those of @dpnggienic
farms. In general, pigs of remote areas would never reachatley. So, prevalence
of cysticercosis in slaughter pigs of Kathmandu Valley seagesn indicator of high
prevalence in other parts. This could be postulated from &bsthi (2004a), who
reported 32% (136/419) of cysticercosis by tongue palpation of localirpigsal

areas in western Nepal.

Joshiet al. (2004a) reported 14.28% (28/196) of porcine cysticercosis in
slaughter pigs in Kathmandu Valley in 1997. This significant deere&prevalence
obtained in this study can not be easily explained. Howeveanitoe hypothesized
that it could either be due to the change in managemeng gigHfarming, sources of
by the investigators, or due to improvement of general hygiemditions in the

country during the last 8 years.
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Porcine cysticercosis (methods being the meat inspemtitongue palpation) in
different countries of Asia has been reported in the range.@#%® to 32.5%
(Rajshekharet al., 2003). The findings of this study agreed with the findings of
southern Vietnam, where the prevalence was recorded 0.9%. i8intie results of
this study are found to be in accordance with the resultsrpessen some parts of
China. In China, porcine cysticercosis is highly variable, rapfiom 0.84% to 15%
and in some areas as high as 40% (Rajsheklahr, 2003). However, there is a lack
of real prevalence data to be compared with this study in Asithe data from most
Asian countries are either unreliable or outdated as statedjblgeRhaket al. (2003).
Porcine cysticercosis in a pig farming community in India Wasd to be 26%
(Prasacet al., 2002). However, the findings of this study were of slaughtered pigs,
which do not represent a single particular community. The preatdtained in this
study can be compared to that of some West African countgesBarkino Faso
(0.6%) and Senegal (1.2%) (Zetial., 2003).

According to Boat al. (2002), the chance of detecting porcine cysticercosis in
meat inspection when the regulations are followed is low. Thysfollowed the
OIE guidelines from which regulations are derived in each cauhby sensitivity of
meat inspection was reported to be very low (OIE, 2004). On the btred,
slaughter slabs had poor facilities for meat inspection asasehadequate lighting.
Due to these limitations, positive cases might have beerednesd the prevalence
could be even higher than reported in this study. However, siece Was no gold
standard test developed for porcine cysticercosis, consequantimspection was

chosen as the appropriate approach for Nepal.

During 2000-2004, neurocysticercosis (NCC) patients were fdusad averall
rate of 1.02 per 1,000 admission episodes in the combined dathospials (Bir,
TUTH, Patan, Norvic, KMC, NMC) in the Kathmandu Valley.the same hospitals,
the occurrence of NCC was 18.7% of epileptic admission episodesndgithese
hospitals, NCC cases were the highest (4.5 per 1,000 admissiodespisd the
Norvic hospital, and the lowest (0.16 per 1,000 admission episatlédyiC. The
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high occurrence of NCC cases at the Norvic hospital could b&dedection bias as
patients visited to Norvic Hospital for neurological problemsrvit hospital

specializes in neurology.

Overall, from B&B Hospital and Om Hospital, 1.5 N@&@ses were found
among 1,000 admission episodes and out patients’ department (ORB) NGC
cases in terms of admission episodes and OPD visits of gpiegre 43.2% in those
data. From this it was clear that NCC was the major idtry factor in the
occurrence of epilepsy in Nepal. Among 121 focal seizure caseswéB¥diagnosed
as NCC by EITB at Modal Hospital, Nepal (Dhalktlal., 2005). However, in this
study the epileptic patients included all types of epilepsies. pamtively, in
Rajbhandari (2004), of the total 300 epileptic patients in ShreendaeMilitary
Hospital 47% were diagnosed NCC by CT scan and MRI. In the/samalf 1026
epileptic patients comprising of various types of seizure§%4vere diagnosed as
NCC in a Hospital in north-west of India (Singhal., 2005). In the report of Del
Bruto et al. (2005), one third of epileptic patients were NCC cases. Stidias
countries where neurocysticercosis is endemic, had reported that5% of all
cases of adult-onset epilepsy were due to neurocysticerBamsisafet al., 2000).

Out of total 23,402 general surgery specimens 0.26% diagnosed as
cysticercosis by histopathology in Patan Hospital during 1993 t01998 (Amadya a
Kimula, 1999). A diagnosis of cysticercosis was made in 0.04% 25,033) of
pathological specimens examined at Bir Hospital, Kathmandu Nepal 885 to
1997 (Joshiet al., 2004a). But, in this study, the survey revealed all NCCepisti

were diagnosed by imaging techniques (CT scan and MRI).

NCC cases by age groups revealed that 40% were &5oyears followed by
37.5% in 15-34 years old and 22.5% in less than 14 years. In contrasgview by
Romanet al. (2000) age groups found affected in Mexico were as follows. Thefag
25-44 years (42%), 45-64 years (20.4%), 15-24 years (16%) and belowads ye
(14.5%). According to Ikejimat al. (2005), 77% NCC cases were in 18-59 year age
group.
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Distribution of NCC cases by sex revealed 59% in sreahel 41% in females in
the data of 6 hospitals. In contrast, Amatya and Kimula (1999) ezp6(t% female
and 39% male in the data of Patan Hospital. In this study, 48% ofpé@iénhts were
from a lower socioeconomic status. Thirty six percent of ¢ NCC cases were
from vegetarians; elsewhere in India, 95% NCC patients wegetarians (Rajshekar
et al., 2003).

Individual NCC patients’ list from 4 hospitals revealeat 32% (25/78) of the
NCC patients were from Kathmandu Valley. However, it shoul¢dresidered that
inability to pay for costly diagnosis and treatment of the rural @diou
underestimated the situation of NCC outside the valley. On tier biand, the CT
scan and MRI have been used for the quicker and more accurate giagn&€cC.
They are sometimes limited by the small size of the vigedliesions and atypical
images, which are difficult to distinguish from abscesses or asmgl (Saket al.,
2005).

5.2 Trichinellosis

Four hundred serum samples were collected from theapigsses during meat
inspection for cysticercosis. Out of those 400 sera, 4 werevaoBiti AB-ELISA of
Trichinella, giving a seroprevalence of trichinellosis in slaughter pigkathmandu
Valley 1%. This finding shows that pigs from Kathmandu Valley aijdising areas
have trichinellosis. This conclusion is further supported by ttiettat three positive
cases were from Kathmandu Valley whereas one was from adja@ireag. Although
the proportion of the sera from indoor managed pigs was 71.2% (285/400)p@and f
mixed farmed pigs was 28.2% (113/400), nevertheless all 4 posdmples were

from indoor managed pigs, giving the prevalence of 1.4%.

Comparatively, Joshet al. (2004b) reported a prevalence of 0.47% of
trichinellosis by EITB (2 out of 425) in slaughter pigs in Kathmandlley.
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However, using synthetic beta-tyvelose antigen in ELISA theypewtedly obtained
high positive cases. According to Gamlgeal. (1983), the use of E/S antigens
increases the sensitivity and specificity of the diagnosi$. agpiralis in pigs, thus
increasing the detection of natural infections, even thosk waty low parasitic
densities. Recently, it has been reported that a synthetiangiyttigen, beta-tyvelose
appeared to be less sensitive than the E/S antigens &nty\rose antigen may not
be suitable for screening of trichinellosis in pig herds (Modeal., 2005). The
findings of this study can be compared with the findings in some gfa@ina as the
seroprevalence of porcine trichinellosis in China varies 0dd8% to 29.63% (Wang
and Cui, 2001).

In this study all the positive sera were from pigées$ than 9 months of age.
About 10% (40/400) of the serum samples were from the pigs of oveedars. Yut,
it is worth noting that ELISA fails to detect infected piysing both the early and the
very late stages of infection (OIE, 2000). Thus, it islyikihat positive cases might
have been missed, and the prevalence could be even higher thaed&goet It has
been reported that the time of seroconversion is correlaietetdion dose and there
are no known cross-reactions using E/S antigens in ELISA (NOeklar, 2000).
Therefore, it can be assumed that one doubtful result obtained stutiscould be

due to old infection or low infection dose Tfichinella in the pig.

Management practices of the farms are associaittd the occurrence of
trichinellosis (Gamble and Bush, 1999; Gambkteal., 1999). Rodents play an
important role in the transmission drichinella in the domestic cycle. Kitchen
wastes, which are not heat treated properly, are the ris&rgatdr trichinellosis
(Urquhartet al., 1996). In Nepal, pig farming is not yet commercialized and ithe b
security measures have not been introduced in pig farms (Dhaulkl@@®), Feeding
of offal and kitchen waste is very common in pig farming in Népathiet al.,
2004b). In this study the positive pigs were from indoor farms in wthiglpigs were
confined in the same place under minimum housing systems until vileeg

marketed. Therefore, cannibalism and the access of rodentsimdtior farms could
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not be avoided. This could explain why positive cases were retordke slaughter

pigs.

Direct demonstration of the parasites is requoedthe proof of the presence of
Trichinella. Isolation of the parasite for identification of species shbeldollowed
by direct demonstration in order to study the epidemiology of tridbsislin Nepal

in the near future.

5.3 Conclusions and recommendations

This study has shown that the zoonotic parasitlium, is a real public health
threat in Nepal. The serological evidence of trichinellosispigs suggested that

Trichinella exists in Nepal, too.

Whilst studies in the slaughter slabs and hospitalsis®il in improving the
understanding of taeniosis/cysticercosis situation, well-dedigcommunity-based
studies for example, cohort or the case-control studies exanthengurden of the
cysticercosis in pigs, and taeniosis in humans are recommeaueithrly, seizure

disorders due to NCC in humans and their ecological determiaanisuch required.

Animal Slaughtering and Meat Act (1999) mandates tlagglterhouse
construction, meat inspection and control. Therefore, theren isrgent need to
implement this act in Nepal. The cysticercosis positiveasses must be deep frozen
for a week before sale. Similarly, uncooKgulchinella positive carcasses should not

be delivered to the market.

Community health education about meat-born diseases shouldssaddre
cysticercosis and trichinellosis, and the knowledge has to paried effectively to
the workers, butchers, meat sellers and meat consumers. Aslsgueaige disposal
systems should be implemented at every slaughter slab. Therkitvaste and offal

should be sterilized before feeding to pigs.
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The serological evidence of trichinellosis has ssiggl that direct demonstration
of the parasites is required by digestion method, which is the goldasd test for
trichinellosis, for the proof of the presence Tfichinella. The isolation of the
parasites for identification of species has to be followed dougly. Therefore,
establishment of cost-effective laboratory facilities forgdisis of trichinellosis
should be brought to the attention of the veterinary and public heatltiorities in
Nepal.

Intensive pig farming could reduce the risk of cystizgis and trichinellosis in
human and animal population. The control strategies for cystieran particular
should be to prevent pigs from having access to human faecexahhi®e achieved
by good toilet facilities for humans and controlling pigs frortirigtthem loose to run
freely. In endemic areas, human mass treatment againsbdizers recommended

with anthelmentics at required intervals.
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7. ANNEXES

Annex 1; Questionnaires for hospital survey of hufasolium cysticercosis

Date

Name of the Hospital Location

Name of the doctor

1. Patients’ residence areas

2. Total number of patients in the hospital
a) year 2000 b) 2001 c) 2002 d) 2003 e) 2004

3. How many epileptic cases are found for the period of
a) year 2000 b) 2001 c) 2002 d).2003 e) 2004

4. How many confirmed neurocysticercosis cases
a) year 2000 b) 2001 c) 2002 d)2003 e) 2004

5. What is the method of diagnosis used in the Hospital?
a) CT scan b) ELISA c) MRI d) Others

6. Age groups (years) of NCC cases
a) 0-14 b) 15-34 c) above35

7. Sexes

a) Male b) Female
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8. Patients’ socioeconomic status

a) Upper

b) Middle

c) Lower

9. Food habit

a) Veg b) Nonveg (Pork eating)

10. Suspected cause of neurocysticercosis
a) Pork b) Salad___ c) Other

11. List the patients according to the caste.

a) Brahmins b) Non- Brahmins

12. Other comments
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Annex 2; Total admission episodes, total epileptic admission eggsotl NCC cases

by hospitals and years in the Kathmandu Valley.

Patients’ profile (total, epileptic and NCC) in different hospitals
Year | Hospl Bir |TUTH | Patan | Nor | KMC | NMC |B&B* | Om*
2000 | Total 9082 | 148049 15322 4661 4716 53645
Epilep 28 103 123 8 24 229
NCC 1 7 52 1 1 103
2001 | Total 9741 | 15504 16586 5271 5703 55351
Epilep 25 86 147 12 33 208
NCC 6 16 38 2 1 98
2002 | Total 8646 | 15900 17976 12138512 6504 | 39428 57201
Epilep 19 78 108 35 16 42 186 285
NCC 7 7 64 6 0 5 64 121
2003 | Total | 10228, 16706 19143 13248872 | 6202 | 48459 81405
Epilep| 13 96 137 | 38 13 32 174 314
NCC 4 7 15 9 2 2 56 141
2004 | Total | 10010 17508 19173 16299316 5601 | 57122 101704
Epilep| 7 108 | 126 | 47 28 28 106 314
NCC 3 3 26 4 1 4 78 141

* Patients included admission episodes and OPD visits

Epilep = Total epileptic patients admission episodes and G$3

NCC = Neurocysticercosis

Epilep = Epileptic patients

Hospl = Hospital

TUTH = Tribhuwan University Teaching Hospital

Nor = Norvic Escorts International Hospital

KMC = Kathmandu Medical College Teaching Hospital

NMC = Nepal Medical College Teaching Hospital
B&B = Banskota and Baidhya
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