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Abstract

Neurocysticercosisis caused byzbenotic parasitdaenia soliumin patients burdened
by this disease epilepticseizures are common.Theabdity associatedwith this
diseasehas been ahealth burden in general andcuteriyin Nepal.The clinical
manifestations of neurocysticercosis include seizuheadache, cognitive dysfunction
and focal neurological deficits.Computerized tonapdry scanning and magnetic
resonance imaging techniques are most commonly usezktigative tools for the
diagnosis of NCC.Radio-imaging techniques combiwgt serologicaltechniques such
as enzyme-linked immune sorbent assay and/or enfigikezl immunelectrotransfer blot
analysisare commonly usedas confirmatorydiagnastdsfor this disease. The most
effective treatments for neurocysticercosis aneitad to individual patients that involve
the use of antiepileptic drugs, analgesics, catmoids, and/or a combination of these.
Anthelmintic drugs (albendazole) are used to tredtiplelesionneurocysticercosis.
However, calcified lesions in the brain surfacedleg to intractable seizures and
obstructive hydrocephalous need surgery.lt is agu@ble disease, accordingly, the best

way to minimize the burden of this disease in uddeeloped countries such as Nepal



28

29

30

31
32

33

34

35

36

37

38

39

40

41

42

43

44

45

46

47

48

49

50

isvia (i) education of the publicabout the dise@geyroviding running water supplies,
(i) developing underground sewage systems and(nproving personal hygiene and

sanitation practices.

I ntroduction

Neurocysticercosis (NCC) is an infection of centnarvous system by the larvae of
tapeworm Taeniasolium (T. solium). lis the oldest and most common helminthic
infectionthat leads to acquired epilepsy worldwide¢flumans acquire taeniasis by eating
raw or undercooked pork infected with cysticerdig tlarval stage ofT. solium
Transmission of cysticercosis occurs following eommental contamination with
infective eggs released from the human tapewormecain developing countries, where
sanitary infrastructures are often deficient, fre@maning swine acquire cysticercosis after
eating human faeces containing eggs. In humansjatival stage can also establish
following accidental ingestion of eggs through megtifecal contaminated food.The
disease is mostly localized to the regions whengai#on facilities such as running water
supplies and underground sewage systems are lackmdlg hygiene (personal and
otherwise) conditions are generally poor. The muoset of people for better lives
viaimmigration, migration and globalization prooesshas increased the spread of
thisdisease to non-endemic regions of the worMICCis the major health concern in the
endemic areas such dexico, Africa, South-East Asia, Eastern Europe, and South
America[2, 3], however the prevalence of the NCC is lowisrael, Middle-East, and
most Muslim countries of Africa and Asia[4, 5]. Vitbwide, about 50 million people

are estimated to be infected @y soliumand suffer fromNCCand an estimated 50
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thousand people die fromthis disease annually[@urther,the disease also affects

unknown numbers of people from neurologicalburdea productive age group[7]

Parasitic life cycle and Pathogenesis

The life cycle ofT.solium Figure 1,includes theswine as an intermediarywitere the
tapewormdevelops into the larval stage.The lartages istransmittedto humanswhen
insufficiently cooked infected pork meat is ingestene adultT.soliuntan be 2-8 m in
length, inhabitsin thesmall intestine and haseadjpan of up to 25 years. It attaches itself
to the intestinal mucosa by itsdouble row of hoakd four suckers in the rostellum.On a
regular basis as the stool passes through theimggs6gravid proglottids (collection of
fully embryonated and infective tapeworm eggs)frtme distal end of the worm are
passed along with the feces. Each proglottid iswknao contain thousands of
eggsandthey are very resistant to adverse envinotsmia regions where open defecation
ispracticed and swine farming is common,the wamderswine (intermediate host)
consumehuman feces which includes feces that makaioorl .soliunproglottids.These
proglottids are emulsified bythe bile and subjeciptoteolysis by pancreatic enzymes.
These processesloosen the coatings of the pratfo#tind the eggs, and thousandsof
theoncospheres (infective embryos) are thus libdrdhese oncospheres cross the
intestinal wall, enter the bloodstream, and areie@drto muscle, other soft tissues
including CNS.It takes about 60-70 days forthe epberesdevelop into the cysticerci.
The consumption of meat containing cysticerci rssul taeniasis. It was previously
incorrectly assumedthat cysticercosis was acqunraahly through eating raw/improperly

cooked pork, but it is nowclear that any uncookeadfthat may be contaminated with
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T.soliuneggsmay alsotransmit(Figure 1)cysticerci. Thusrndemic areas, the disease is
likely to burden all people that may be exposedTtsoliunproglottid contaminated
food[8, 9] The cysts have predilection to lodge in areas whwdlow of blood is high
and the major parts they reside are in brain, ey rauscles. The high glycogen or
glucose content of these tissues (brain,muscle) eayesponsible for such a tropism
exhibited by cysticerci[10]. When they lodge in rmles the cystswill remain
asymptomatic, whereas in the brain theywill causerocysticercosis[11].Cysts are also

known to reside in the heart, spinal cord and skawever such cases are very rare.

Epidemiology of Cysticer cosis and Neur ocysticercosisin

Nepal

Literature dealing with cysticercosis(epidemiol@ior otherwise)in Nepal is limited.
Efforts are made herein to summarize all availdltérature as well as add to that
knowledge by including our own data and experiendealing with this disease in
NepalWhile occurrence of cysticercosis is consideredh dbiological marker” of the
social and economic development of a community[iR]sdifficult to quantify the
burden of neurocysticercosisin that community studyrhis isbecause of (i) its
polymorphic presentation, i.e., some patients suffdy one or two episodes of seizures
in the entire course of their illness while othexkibitrecurrent seizures, (ii)the infection
remains inlatent phase throughout the life ofsomgepts[13] and (iii) disappearance of
some of the lesions in certain patients. Apart fibw@se clinical features, social stigma

associated with epilepsy forcesthe patients arttiar families to avoid seeking medical
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assistance. Additionally, some patients withothiepidiers, e.g., patients with syncope,
migraine with aura, somatoform disorders, transisahemic attack, focal stroke, etc.,
may present an acute event of seizure-like sympttimas may be interpreted or
misdiagnosed as being  neurocysticercosis.For exampin a recent
studyDevleesschauwer and associates[14] have dmttlihat socioeconomic status and
poor personal hygiene are the major cause for rdresmission of the zoonotic pork
tapewormsT. solium and T. asiatic&imilarly the prevalence of taeniasis was fountdeo
high among th®um Community. This suggests that high rate oftaesimaghe certain
groups might be of particular importance for mamteg the life cycle of thezoonotic
swine tapeworms. This study alsoidentified theieesrof tapeworm and determined the
species to bE asiatican the endemic regionofSoutheast Nepal. NCChas bhemymmon
cause of epilepsy among the Nepalese soldiers|iEyvikence of NCCin Nepal ranges
from the 0.002 to 0.1%[16], on the other hand, jp@rcysticercosis was found to be 32.5
% and taeniasisranges between to be 10-50%[17Q012,2the neurology service unit
ofTribhuvan University teaching hospital (Kathmandapal), reported66 (36 male and
30 female) casesofNCC[18]. Among these 77.2% of th&tients presented
seizures.ComputerizedTomography Scan (CT- scanwesthosingle ring-enhancing
lesions in 42 cases (63.6%) and multiple ring enimgnlesions in the remaining 24 cases
(36.3%). Most lesions were seen in parietal re&$6%), followed by frontal (13%),
temporal (9%) and occipital (9%) regions.A simikiudy conducted in a Kathmandu
Model Hospital (n=724 patients), 61% of patientfibied seizures and 72% of them
were focal seizures due to NCC. The mean age a@mniatin the study was 13 years, and

both sexes were found equally affected. Among eheatients,71% showed stage
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lllesions (dying cyst with or without edema, Takland the remaining patients had stage
llllesions (calcified). Overall,61% of lesions weselitary and 31% were multiple lesions
(Pant, 2006). In western region of Nepal, Basu asdociates in 2007 [19]have
observedthat the mean age at which NCC occurs iz & years (range 11 months - 15
years, most commonly affected age group 10 - 12sy@8% patients were below 2 years
of age). In yet another study[20]they examined epts (age range: 2-14 years; 10.3%
patients <6 years of age) presenting new onsetirgsiZzrom Lumbiniregion; 73% of the
patients had NCC.These observations were confifoyecdio imaging techniques. This
was further confirmed Shrestha in 2008 [21]. ltngortant to note that most of the
epidemiologicalstudies conducted in Nepal were artidry Hospitals,they are
retrospective studies and the diagnosis was baséueaadio imaging techniques.
Cysticercosis and NCC may also be diagnosed usmgpunological techniques.
Immunological techniques are directed towards dietgspecific proteins secreted by
soliumand/or specific antibodies against T.soliumcysticerci in serum.In this regard,
Maharjanand associates in 2002applied an enzyrkedinmmunoelectrotransfer blot
(EITB) analysis technique to studycysticercosisiorcme using blood samples
(n=201).The study showed 24% prevalence of cysiiss in the tested porcine samples,
6% of them were found to be old infections or expes.In our own study, EITB was
utilized to screen for NCC using blood samplesem#éd from patients (n= 60) that
underwent CT-scanning. Most of the patients witlitiple cystsshoweda positive EITB
test. On the other hand, among thepatients witglesicyst, the EITB test was positive
only in a few patients.The EITB test failed to showactive bands in the old calcified

cysts.Out of 60 samples collected from patientshM@C, as suggested by CT-
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scan/Magnetic Resonance Imaging (MRI), EITB tess i@und to be positive in 18
cases. The lower percentage (30 %) of EITB positiihe samples analyzed may be due

to single cyst granuloma (SCG) (Figure 2).
Clinical Characterizationof Neurocysticer cosis

NCC is a chronic progressive disease and the s$gwvefithe diseasedepends on (i)
number of cysts and their location in the brain,stiage of infection and intensity of host
inflammatory response in the brain, and (iii) thergsite genotype[l].In South Asian
communities, including Nepal,the clinical preseioiat of the disease is generally
considered to be solitarycysticercus granulomauggested byCT scans (a single ring-
shaped lesion). However in some cases multipls dyasve been observed (Figure 3). In
these communities, the optic cysticercosishas bemely observed (Figure 4).
Surface/cortical lesions are notorious for prodgdifelong seizures due to calcification
and subsequent scarring (Figure5).These enhanesignk are usually less than 20 mm
in diameter and are surrounded by a varying amotiperilesionalvasogenicedema. The
presence of a single cyst in majority of Nepales#/@ Indian populations may be due to
Toll-Like  Receptor-4(TLR4) withD299Gand  T399Ipolynphisms. These
polymorphismsare presumed to be associated withddwelopment of symptomatic
NCCvia the modulation of Th1l/Th2axis[22, 23].Simya depending on the location of
the cysts, various neurological symptomscan odounever they are uncommon (4-6%)
in children from this region. Cysts in the midbraire known tocause ptosis. In patients
with multiple cysts in the midbrain, young childrand adolescents, especially females,
exhibit acute encephaliticpresentation charactdrine cerebral edema, and severe acute

raisedintracranial pressure.The most common symptoRCC is seizures (70%-80% of
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the patients).These seizures are more frequenteketv®®and %'decade of life and
theyare, most frequently, generalized tonic clasgeizures (GTCS)[24]. In addition to
NCC, the seizures may also be caused by otherr$aaq., trauma, presence of tumor
mass. Additional factors for seizures includecaritgé factors, infections, etc. (Figure
6).It appears that theseizures are especially caomwieen the cysts are associated with
parenchymal tissues. In a retrospective study dd patients visiting our hospital
(Annapurna Neurological Institute and Allied Scien&athmandu, Nepal) presenting
seizures, we have found that 47.1 % of the patibats GTCS. This was followed by
focal seizures secondary generalized (FSSG) in @¥#plex partial seizure (CPS) in
3.6%, atonic seizure(AS) in 2.9%, simple partialzeee(SPS) in 2.1%and drop
attack(DA)in 0.7% of the patients( Figure 7).

The asymptomatic to sudden onset of symptoms of MGIDe to the status of the cyst as
well as itslocation.Neurological imaging techniqueveal that these cysts exist in
various stages development and/or deformity, @.gesicular stage - the cyst contains
live larva, ii) colloidal stage - thecyst beginsdegenerate, iii) granular nodular stage -
the cyst membrane thickens and calcification begms iv) calcified stage — the cyst is
fully calcified and necrotized. In patients withsicular or colloidal stage cysts, the live
larvae may elicit host immune response, and thergtions and/or bursting of cyst
results in edema which ultimately leads to seizufeiwven the above, a patient may
present a focal seizure (FS), FSSG, GTCS or idbdetseizures.Focal neurological
deficit can also occur depending on the locatiortesions, e.g., diplopia in brainstem.
Clinical features of raised intracranial pressi@&)such as headache and vomiting in

cases with obstructive hydrocephalous, generaledeima in patients with multiple
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cystsof different stages. Blindness or visual defic patients with NCC can be due to
intra ocularlesions(lesions along the pathway afion).The lesions can also lead to
different cognitive dysfunctions. The clinical rathigical correlations of these conditions

are described in in Table 1.

Radiological Diagnosisof Neur ocysticer cosis

The radiological diagnosis of NCC is done throughmaging techniques such asCT-
scanning and/or MRI. The characteristics of neuagimg include the appearance
ofscolexas hyper intense nodules (hole—with—dotyels as puncture calcification.CT is
the best radiological method for the detection wofra-parenchymal calcifications,
whereas MRI method is more suitable to resolvedifferential diagnosis of NCCas it
provides objective based evidences oni) the nurabeérthe topography of the lesions, ii)
its stage of the involution, and iii) the degreetltd inflammation.MRI is more effective
in detecting extra-parenchymal NCC. One shortconaihnthis technique isthat it fails to
detect small calcifications. In some of the casesther CT-scan nor MRI can detect the
parasites whenthey are located at the subaraclwasal cisterns[25]. Further, CT-scans
of NCCand tuberculomas, pyogenic brain abscesses, mycotic granulomas, and
primary and/or metastatic brain tumorsoften appear identical[26].To differentiate
NCC from tuberculomaand other factors such as eyall thickness, spontaneous
disappearance of the lesion and the mid-line shifte also taken into
consideration.Therefore,amore reliable techniqud¥earadditional diagnostic techniques
for the detection ofNCCare essential. One suclgndistic tool could be serological

blood tests (described below). Although, CT scatW@nMRI techniques have their own
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technical limitations, the major limitation of thmmaging techniques from the view of a
patient are the accessibility and the cost assatiatith diagnosis for the endemic
populations at risk. In poor regions of the depeig world, including rural Nepal, this is
not only true but a major challenge. In theseaegj healthcare systems are poorly
developed and the patients not only have to treovelties for diagnosis but also cannot

afford the cost associated with these tests.
| mmunodiagnostics for Neurocysticer cosis

Immunodiagnosis of NCC involves the detection ajtpins (antigens; Ag) secreted by
T.soliunand/or detection of circulating antibodies (Ab) iagaT.soliunproteins. In fact,
this would be a low cost diagnostic tool that canefffectively used for screening in the
endemic areas[27]. For the detection of antibodeher an ELISA (enzyme-linked
immuno-sorbent assay) and/or EITB assays are thst wmmmonly employed. The
antibodies againsk. soliumproteins can be detected in the serum, saliveesad in the
tears ofpatients with ophthalmic cysticercosis. étliechniques used to detect the
antibodies againsf.soliumncluderadioimmuno assays (RIA), hemagglutinatistse
complement fixation test and dipstick assay. Tho&dhSA is widely usedto detect
NCC, its sensitivity is poor. For example, itssewvisy and specificity are respectively
50% and 70% when serum samplesare used for tes@mgthe other hand, the testing
sensitivity and specificity are, respectively 87%d 5% when CSF samples used for
testing. These techniques do lead to false posiésts especially when the patients are
infected with Hymenolepsis nanaancdEichhonococcusgranulosis[2&. comparative
study of ELISA and dot-blot assay using blood sastom children with multiple brain

lesions was found to be both sensitive and eqedfiéctive in diagnosis of NCC[29]. The
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antigen detecting ELISA testshave better sengitiwith the use of CSF specimens as
compared with serum samples;however, CSF collectounires lumbar puncture. The
lumbar puncture involves additional risks, the pahare is invasive and the procedure
has to be performed by a trained medical professi@iven the above, this technique is
not routinely practiced. It has been reported th@itsoliumcyst fluid based lymphocyte
transformation test (LTT) as a diagnostic tool MCCis most sensitive(93.7%) and
specific (96.2%). [30]. Even for the single tyafection the sensitivity of this test
was 87.5%.This test has future potential provideel test can be made more user

friendly based on spectrophotometry.

Enzyme linked immunoelectrotransferblot (EI TB) assay:

To date, EITB is the most specific and sensitiw tieveloped for the diagnosis of NCC
by the Centersfor Disease Control, Atlanta, USAisTest is considered a gold standard
in serological diagnostic tests for NCC.The tededisantibodies againstseven cysticerci
glycoproteins. Immunoreaction with any one of teeen specific proteins is regarded as
the positive test forcysticercosis (Figure8).Thssay has been used worldwide for nearly
15 years both in serological screening to determi@¥alence of cysticercosis and for
the diagnosis of individuals with NCC[31, 32]. & the only assay recognized by the
WHO and the Pan American Health Organization fog #erological diagnosis of

cysticercosis[33]. Initially, the test wasconsidkte be 100% specific and 98% sensitive

[34], however, Wilson and associates in 1991 [35ldestrated that EITB to be only 28
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% sensitive when applied to serum samplescollettted patients with single cysts.In
general, the serum EITB is more sensitive thandh&@SF EITB. An EITB is less likely
to give a positive test for cysticercosisin patsentth calcified lesions as compared to
those with active or transitional cysts. Furthbe EITB tests may become negative after
the cyst dies[36]. A demerit of the EITB test famaghosis of NCCis that it can be
positive in patients with taeniasis. A positive BlTest is of less diagnostic value in
patients from areas where cysticercosis is enderionversely, a negative EITB test
does not exclude a diagnosis of NCC in patienth wisingle cyst or in those with brain
calcifications as the only evidence of the diseasather limitation of antibody-based
tests is that the presence of antibodies may itelicaly previous exposure to or
infectionwith the parasite, and not necessarilyiadble infection[37, 38]. In fact, in the
scenario above, two-thirds of serologically postiindividuals have no identifiable
lesions on CT scans[39]. Thus, the presence obadits does not constitute direct
evidence of a living parasite within the host[4(or example, in Ecuador, 86% of the
patients with active lesions, 67% of the patienith wansitional lesions and 41% of the
patients with inactive lesions were found to beitpas by EITB assaywith as overall
sensitivity of 53.6%. In a morerecently publisiiegort from the India[41], only, 26% of
the patients with CT scan diagnosis of NCCwere dotmbe positive by EITB tests.To
overcome these limitations, attempts have been rnadevelop antigen-based assays,

since detection of antigensis an indicator of tresence of live and active cysticerci[42].
Treatment

The treatment of NCCshould be individualized andhbuld be based on the disease

pathogenesis in any given patient. In this regtrel,DelBrutto[43]diagnostic criteria for
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NCC, Table 2, is recommended. This uses a nunfietors to tailor the therapy, e.g.,
the location of the cysts, symptoms, viability dfetcysts and the degree of host
response.In practice, the therapy for NCC is mosilected to alleviatesymptoms
associated with NCC and itincludes administratibardiepileptic drugs for seizures. In
patients having high ICP,mannitol and oral glycasogjenerally administered to reduce
ICP. Corticosteroids are commonly administereddbents to reduce inflammation and
edema.Albendazolein combination with either dex&asine or prednisolone are
considered for the adults and children with NCCdissolvethe cystsand reduce the
incidence of seizures [44]. Improvements in treatimstrategies should include the
determination of the location of the cyst (e.g.framentricular, subarachnoid or
intraocular etc.) as well asuse of antihelminthegysiwhen the NCC patients also have

HIV infection[44].

Anticysticercal drugs

Praziquantel, an isoquinolone, and albendazoleméaiazole, are the most commonly
usedanticysticercal drugs, especiallyin the treatnodé intracranial cysticercosis. They
are very effectivein the elimination of cysticentithe brain parenchyma and/or, at least,
markedly reduce number of cysts in other locatip4S]. In several comparative
trials,albendazole appeared slightly more effecthan praziquantel for the treatment of
parenchymal NCC. Albendazole has also been foundbetoeffective against giant
parenchymal, subarachnoidal, intraventricular amenespinal forms of cysticercosis,
[46]. In a double blind placebo controlled trial3 &hildren with a single lesion

NCCadministered withalbendazole (15 mg/kg/day) &4 week period resulted in
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markedreduction inthe onset of seizures and fasegydearance of lesions (41% within a
month as compared to 16,2% in placebo patients [A8% study also found that an 8-day
course of albendazole is aseffective as 15 or 30 adaurse ofalbendazole treatment
[43].In a randomized controlled trial from Ecuadoejther praziquintal nor albendazole
was found to be effective against viable cysts[&iihilarly, in a recent randomized trail
from the Ecuador (n=175),it was found that only 3p&tientsreceiving albendazolewere
free of any active cysticerci as compared to 7%ajrtba placebo group [48]. Although
this variation is somewhat contradictory, it is @b that variation could be due to
polymorphisms associated with faster rate drug bodtem (detoxification) in the host or
insensitivity of cysticerci to the drugs.

The side effects of cysticercosistreatment witheaftazole or praziquantelinclude
headache, nausea, vomiting and seizures. Thesetsefige generallytransient. The
transient nature of the side effectsassociated alltendazole or praziquanteltreatment
seem to due to the host's inflammatory reactiordymg parasites. Corticosteroids
ameliorate most of the sideeffects listed above.ives the above, the authors’
routinelyco-administer corticosteroids andantigysttaltherapies to their own patients in
Nepal as well as recommend these practices to¢bh#agues that treat NCC patients in
Nepal[[49].Fatalities associated with the paraditeatments are rare (1-4%) and occur
primarily in patients hydrocephalous, increasedatranial pressure and heavy cyst
burden[50]. In patients with seizures, various egpiteptics, e.g.,carbamazepine,
phenytoin, phenobarbital and valproate have beed wsth roughly equal efficacy. The
choice of drug, dose and duration of administratbantiepileptic would vary according

to the clinical profile of the patients.
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Surgery

Surgical intervention(Figure 9)is required in sonases particularly in intra-ventricular
and subarachnoid NCC. A ventriculoperitoneal shisnheeded for hydrocephalous;
simultaneous use of steroids and albendazole andrent courses of steroids reduce the
risk of frequent obstructions and shunt revisidfrsdoscopic removal of cysts is the least
invasive procedure and is therefore the proceddirehoice[51][52]. In some cases,

excision of giant cysts that fail to respond to mabtherapy may be required.

Prognosis

The treatments described above have excellent psigin case ofpatients with single
lesions. In these cases, the seizuresare usuallycaetrolled with the first line of
antiepileptic drugs, and in 60% of the cases tistscglisappear. Some patients do require
prolonged antiepileptic therapy, especially whenrepahymal NCChave been
calcified[53].The recurrence of the seizures is wmn when the multiple cystsbecome
calcified.Cysticercus encephalitis and extra-pangn@al NCChave the guarded

prognosis.

Prevention Strategy

As per reported statistics and our on observatiorsst of the patients suffering from
NCCcome from the weakereconomic sections of theegoc Ingeneral they reside

invillages with very poor or no sanitation systemslace. Such patients, in general,
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have no access to CT scan, MRIimaging facilitieganceliable serological tests for the
diagnosis ofcysticercosis. These diagnostic taoés essential for the detection of the
cysticerci in the brain and for the confirmation tfe diagnosis.Given the above,
prevention of NCC should be the priority for healystems. To prevent
cysticercosis,education about health and hygiedermprovements in sanitary practices
are very critical. Intervention programs to brehk tife cycle of parasite, e.g., porcine
vaccination, anticysticercal drug treatment for pigs infected withl.solium education
about proper meat cooking practices before consomptireatment of household
members if they suffer from taeniasis, etc., helpsprevention of this neglected
disease[54].Vaccination against taeniasis is nobumologically or logistically feasible
at present, because the occult nature of the infeatakes tapeworm carriers difficult to
detect, and the minor morbidity associated witlstinal infection also makes taeniasis a
poor candidate for human vaccine development[5Bfciretions against porcine
cysticercosis are in the research phase. In thketfils, the most effective vaccination so
far has been recombinamaeniasoliumprotein TSOL 18 and TSOL45-1A.The use of
TSOL vaccination together with oxfendazole was afée in stopping in the

transmission oT. soliunbyporcine [56].
Conclusion

NCC the leading cause of acquired epilepsy in #heelbping countries including Nepal.
This is a preventable disease but it iswidely ndglk The realization of disease
burden(costassociated with antiseizure medicating,lterm neurological squeal), the
group of investigators have proposed to make tlisade an internationally reportable

disease.Better understanding of the immune resparitbe parasite for vaccine and drug
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development, and an effective intervention programeeded for the eradication of the

cysticercosis in near future.

Acknowledgement

We are very much thankful to Dr. Patricia WilkirGenter for Disease Control (CDC,

USA) for Providing the EITB strips and guidance émnducting the research work.We

are also thankful to Mr. Subodh Kant Singh, Ms. BieeDahal and Kumar Basnet for

providing data to prepare this manuscript.

References

1. Garcia, H.H. and O.H. Del BruttNeurocysticercosis: updated concepts about an
old diseaseThe Lancet Neurology, 20058(10): p. 653-661.

2. Rajshekhar, V., et al.,Taenia solium taeniosis/cysticercosis in Asia:
epidemiology, impact and issuég:ta Tropica, 200337(1): p. 53-60.

3. Bharucha, N Epidemiology of epilepsy in Indi&pilepsia, 200344: p. 9-11.

4. Schantz, P.M., et aNeurocysticercosis in an orthodox Jewish communityew
York City.New England Journal of Medicine, 19%27(10): p. 692-695.

5. Ocana, G.S., et aNeurocysticercosis in patients presenting with egsly at St
Elizabeth's Hospital, LusikisikiSAMJ: South African Medical Journal, 2009.
99(8): p. 588-591.

6. Roman, G., et alA proposal to declare neurocysticercosis an intéoral
reportable diseaseBulletin of the world Health Organization, 20018(3): p.
399-406.

7. White Jr, A.C.,Neurocysticercosis: updates on epidemiology, pathegis,
diagnosis, and managemertnnual Review of Medicine, 200®1(1): p. 187-
206.

8. Brown, W. and M. VogeCysticercosis. A modern day plaguediatric Clinics
of North America, 198532(4): p. 953.

9. Webbe, G.Human cysticercosis: parasitology, pathology, dalimanifestations
and available treatmenBPharmacology & Therapeutics, 1994(1): p. 175-200.

10. Kuruvilla, A., et al.,Neurocysticercosis: a clinical and radiological apjsal
from Kerala State, South Indi&ingapore medical journal, 20042(7): p. 297-
303.

11. Foyaca-Sibat, H. and |. Del Rio-Romdroevalence Of Epilepsy In An Endemic

Area For Neurocysticercosis In South Afridéhe Internet Journal of Neurology,
2008.9(1).



405
406
407
408
409
410
411
412
413
414
415
416
417
418
419
420
421
422
423
424
425
426
427
428
429
430
431
432
433
434
435
436
437
438
439
440
441
442
443
444
445
446
447
448
449
450

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24,

25.

26.

27.

28.

Pal, D.K., A. Carpio, and J.W.A.S. Sand¥gurocysticercosis and epilepsy in
developing countriesJournal of Neurology, Neurosurgery & Psychiatrg0Q.
68(2): p. 137-143.

Fleury, A., et al.High prevalence of calcified silent neurocysticesisan a rural
village of MexicoNeuroepidemiology, 20022(2): p. 139-145.
Devleesschauwer, B., et akpidemiology of Taenia solium in Nepal: is it
influenced by the social characteristics of the ylapon and the presence of
Taenia asiatica?ropical Medicine & International Health, 2012.

Heap, B.Cerebral cysticercosis as a common cause of epilapssurkhas in
Hong Kong.Journal of the Royal Army Medical Corps, 19986(3): p. 146-149.
Bista, M. Epidemiology, prevention and control of human cgstiosis/taeniasis
in Nepal.Proceedings of present situation challenges atrirent and elimination
of Taeniasis/cysticercosis in Nepal, edited by U&b, Sharma M, Rana S.
National Zoonoses & Food Hygeine Research Centaghri{andu, 2006: p. 12-
14.

Joshi, D.D., et alRresent situation of porcine taeniasis and humasticgrcosis
in Nepal.Southeast Asian Journal of Tropical Medicine antliée Health, 2007.
38: p. 144.

Agrawal, J.Neurocysticercosis in Nepal and It's Global Perdpec Kathmandu
University Medical Journal, 2012(2): p. 1-2.

Basu, S., U. Ramchandran, and A. Thapligdinical profile and outcome of
pediatric neurocysticercosis: A study from WestRliepal. Journal of Pediatric
Neurology, 20075(1): p. 45-52.

Ellis, M., et al.Stillbirths and neonatal encephalopathy in Kathmandepal: an
estimate of the contribution of birth asphyxia teripatal mortality in a low-
income urban populatiorRPaediatric and perinatal epidemiology, 2004(1): p.
39-52.

Shrestha, B.Childhood Neurocysticercosis: Clinico-RadiologicBrofile and
OutcomeJournal of Nepal Paediatric Society, 202&1): p. 14-16.

Garg, R.K. and H.S. Malhotr@plitary cysticercus granulom&xpert Review of
Anti-infective Therapy, 201200(5): p. 597-612.

Verma, A., et al.Toll-like receptor 4 polymorphism and its assodatiwith
symptomatic neurocysticercosi®ournal of Infectious Diseases, 20202(8): p.
1219.

del Brutto, O.H., J. Sotelo, and G.C. Romdaurocysticercosis1998: Garland
Science.

Wilson, M., et al.,Clinical evaluation of the cysticercosis enzymdeiuah
immunoelectrotransfer blot in patients with neurstayercosis. Journal of
Infectious Diseases, 199164(5): p. 1007-1009.

White, A.C., Neurocysticercosis: a major cause of neurologicakedse
worldwide.Clinical Infectious Diseases, 1994(2): p. 101-113.

Dorny, P., et allmmunodiagnostic tools for human and porcine cgstiosis.
Acta Tropica, 200387(1): p. 79-86.

Diaz, J.F., et allmmunodiagnosis of human cysticercosis (Taeniaisgti a field
comparison of an antibody-enzyme-linked immunosuriassay (ELISA), an
antigen-ELISA, and an enzyme-linked immunoeleensfer blot (EITB) assay in



451
452
453
454
455
456
457
458
459
460
461
462
463
464
465
466
467
468
469
470
471
472
473
474
475
476
477
478
479
480
481
482
483
484
485
486
487
488
489
490
491
492
493
494

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

Peru. The Cysticercosis Working Group in Peru (CWKBe American journal of
tropical medicine and hygiene, 1998(5): p. 610.

Mandal, J., et alEkvaluation of ELISA and dot blots for the serodiagis of
neurocysticercosis, in children found to have gngl multiple enhancing lesions
in computerized tomographic scans of the brannals of tropical medicine and
parasitology, 2006100(1): p. 39-48.

Prasad, A., et aLymphocyte transformation test: a new method fagdosis of
neurocysticercosidiagnostic Microbiology and Infectious DiseaseQ231(2):

p. 198-202.

Garcia, H., et alDiagnosis of cysticercosis in endemic regiombe Lancet,
1991.338(8766): p. 549-551.

Tsang, V. and M. Wilsod,aenia solium cysticercosis: An under-recognizetl bu
serious publica health problerRarasitology Today, 199%1(3): p. 124-126.
Hancock, K., et al.Characterization of the 8-kilodalton antigens ofeha
solium metacestodes and evaluation of their use am enzyme-linked
immunosorbent assay for serodiagnosigurnal of Clinical Microbiology, 2003.
41(6): p. 2577-2586.

Tsang, V.C.W., J.M. Peralta, and A. Ray Simof29] Enzyme-linked
immunoelectrotransfer blot techniques (EITB) foudsting the specificities of
antigens and antibodies separated by gel electroggdie. Methods in
Enzymology, 198392: p. 377-391.

Wilson, M., et al.,Clinical evaluation of the cysticercosis enzymésdith
immunoelectrotransfer blot in patients with neurstagercosis. Journal of
Infectious Diseases, 199164(5): p. 1007-1009.

Garcia, H.H., et al.Serologic evolution of neurocysticercosis patieafter
antiparasitic therapyJournal of Infectious Diseases, 19975(2): p. 486.
Goodman, K.A., S.A. Ballagh, and A. Carguase-control study of seropositivity
for cysticercosis in Cuenca, Ecuaddihe American journal of tropical medicine
and hygiene, 199%0(1): p. 70-74.

Garcia, H.H., et al.Clinical significance of neurocysticercosis in ende
villages. Transactions of the Royal Society of Tropical M&ue and Hygiene,
1997.91(2): p. 176-178.

Schantz, P.M., P.P. Wilkins, and V.C.W. Tsahgmigrants, imaging, and
immunoblots: the emergence of neurocysticercosia significant public health
problem.Emerging infections, 1998: p. 213-242.

Hauser, W.A. and D.C. Hesdorffelpilepsy: frequency, causes, and
consequenced990: Epilepsy Foundation of America Landover, MD
Rajshekhar, V., et aActive epilepsy as an index of burden of neurocgstosis
in Vellore district, IndiaNeurology, 200667(12): p. 2135-21309.

Correa, D., et alAntigens and antibodies in sera from human case=pibépsy
or taeniasis from an area of Mexico where Taenidiuso cysticercosis is
endemicAnnals of Tropical Medicine and Parasitology, 199§1): p. 69-74.

Del Brutto, O., et al.Proposed diagnostic criteria for neurocysticercosis
Neurology, 200157(2): p. 177-183.



495
496
497
498
499
500
501
502
503
504
505
506
507
508
509
510
511
512
513
514
515
516
517
518
519
520
521
522
523
524
525
526
527
528
529
530

44,

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

Baird, R.A., et al.,Evidence-based guideline: Treatment of parenchymal
neurocysticercosis Report of the Guideline DevelmnmSubcommittee of the
American Academy of Neurologyeurology, 201380(15): p. 1424-1429.

Sotelo, J. and H. Jund?harmacokinetic optimisation of the treatment of
neurocysticercosiClinical pharmacokinetics, 19984(6): p. 503-515.
Takayanagui, O.M. and E. Jardifherapy for neurocysticercosis: comparison
between albendazole and praziquant&tchives of neurology, 199219(3): p.
290.

Carpio, A., et alls the course of neurocysticercosis modified bgttnent with
antihelminthic agentsArchives of internal medicine, 19985(18): p. 1982.
Carpio, A., et al.Effects of albendazole treatment on neurocysticscoa
randomised controlled trialJournal of Neurology, Neurosurgery & Psychiatry,
2008.79(9): p. 1050-1055.

Del Brutto, O.H.,Medical management of neurocycticercosisternational
journal of antimicrobial agents, 199%2): p. 133-137.

DeGiorgio, C.M., et al.NeurocysticercosisEpilepsy Currents, 2004(3): p.
107-111.

Goel, R.K., et alEndoscopic management of intraventricular neuracgstosis.
Journal of Clinical Neuroscience, 2005(10): p. 1096-1101.

Suri, A., et al.,Transventricular, transaqueductal scope-in-scopeloseopic
excision of fourth ventricular neurocysticercose:series of 13 cases and a
review.2008.

Del Brutto, O.H.Prognostic factors for seizure recurrence afterhdiawal of
antiepileptic drugs in patientswith neurocysticesisoNeurology, 199444(9): p.
1706-1706.

Budke, C.M., A.C. White, and H.H. Garci&gonotic larval cestode infections:
neglected, neglected tropical diseaséd?S neglected tropical diseases, 2009.
3(2): p. e319.

Evans, C.A\W.42 Taenia solium Vaccination: Present Status anduieu
Prospects.Taenia solium cysticercosis: from basic to clihiseience, 2002: p.
421.

Lightowlers, M.W., Eradication of Taenia solium cysticercosis: a rdier
vaccination of pigsinternational Journal for Parasitology, 2040(10): p. 1183-
1192.



