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ABSTRACT

Seizures due to neurocysticercosis (NCC) is a neglected human-to-human transmitted
disorder and an emerging problem worldwide. A substantial portion of recent onset
seizures is known to be attributed to NCC in Taenia solium (T. solium) endemic areas
where populations which neither raise pigs nor eat pig meat are also at risk. High
prevalence of NCC causing epilepsy has been reported in the underdeveloped areas of
Southeast Asia (SEA) however, only fragmentary information on its incidence is avail-
able in countries like Malaysia. In Malaysia T. solium infection was previously thought to
be infrequent due to Muslim population majority and the religious prohibition of
consuming pork, but it is not totally absent. There is an evident lack of knowledge and
awareness of the actual burden, routes of transmission, and the impact of NCC in this
region. The problem is assumed to be more prevalent particularly in cities because of the
frequent inflow of possibly T. solium infected individuals or carriers among those who
migrate from neighboring endemic countries to Malaysia. The issue of imported cases
that are likely to be emerging in Malaysia is highlighted here. An accurate quantification
of regional burdens of epilepsy due to NCC in Malaysia is warranted considering the
disease emergence in its neighboring countries. It is suggested that the importance of
NCC be recognized through quantification of its burden, and also to collect epidemio-
logical data for its subsequent elimination in line of World Health Organization's mission
for control of cysticercosis as a neglected tropical disease. In this review the need as well
as a strategy for neuro-care center screening of epilepsy cases, and various issues with
possible explanations are discussed. It is also proposed that NCC be declared as a
reportable disease which is one of the eradicable public health problems in SEA.
1. Introduction

Today it is a well-documented fact that neurocysticercosis
(NCC), the Taenia solium (T. solium) metacestode larval
infection in central nervous system (CNS) is an important cause
of acute epilepsy in humans, particularly in the tropics [1–4].
Currently, there is no sufficient evidence available in order to
project NCC's global prevalence. However, a recent meta-
analysis which summarized the proportion of NCC among
persons with epilepsy (PWE) suggested that in endemic com-
munities nearly one-third of PWE are living with T. solium
cystic lesions in their brain [5].

Though the magnitude of NCC burden in endemic countries
is high, its neurological involvement is being recognized only
recently as an important but neglected cause of epilepsy [6]. As
per WHO estimation of 50 000 deaths due to T. solium, neural
involvement was assumed to be the major reason [7], making
NCC the single most important cause of acute epilepsy in
developing countries. It is prevalent in Latin America, a major
part of Asia (including China and the Southeast Asia), Eastern
Europe, and most of Africa [2–4] with seroprevalence rates
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reaching up to 25% in general populations in areas known to be
endemic for T. solium [8].

In addition, NCC is also emerging in geographical areas
which were never known to be endemic for this parasite [9,10].
Controlled studies using CT scans in Ecuador, Honduras, and
Peru have demonstrated strong association between NCC and
seizures, with up to 30% of seizures attributable to NCC [2–4].
This rate was similar to studies from other endemic countries
which have estimated prevalence of NCC among PWE to be
between 25 and 50% [11,12]. There were also reports revealing
NCC prevalence in apparently healthy communities in
previously unexplored provinces as in the case of Port-au-
Prince in Haiti; 2.8% of general population were identified to
be clinical cases of NCC [13]. These reports are making
governments in many other never explored countries realize
the potential endemicity of this infectious disease.

In developed countries, NCC is diagnosed more frequently
among immigrant populations [14,15]. As reported in western
countries, it occurs in small outbreaks [16]. NCC has been
found in 10% of new-onset seizure patients in California
[17,18]. More than 1000 new cases are being detected in the
United States every year [19]. Surprisingly, its prevalence is
also on the rise in Muslim countries; especially in the Gulf
region because of the heavy reliance on laborers from highly
endemic neighboring countries [20–22]. Hence, NCC is no more
limited to tropical regions, religion and/or economic status of
the affected communities. This situation reinforces the urgent
need for a global initiative of screening programs and
regulations which warrant compulsory reporting of new cases.

In the SEA region, the potentiality of human to human
transmission of T. solium infections is of concern in this review.
Among the known T. solium endemic regions in Asia, particu-
larly Bali in Indonesia is reported to be of high importance due
to the risk of transmission of infection to tourists [23]. However,
the likelihood that Malaysia might also be sub-endemic for this
disease which is not yet explored. Indigenous cases of T. solium
taeniasis/cysticercosis were initially thought to be infrequent in
Malaysia. However, this problem might be more prevalent in
future since there is an increase in tourism and population
movements. The proportion of infection might be less compared
to neighboring endemic countries in Asia or other endemic
tropical countries; however that likelihood of underestimating its
prevalence in this country should be addressed. In this review,
the need for screening PWE in order to estimate the cysticercal
burden of recent onset seizures in SEA and challenges of the
present time are discussed. Also a strategy is suggested for
neurocare center screening from among epilepsy cases for an
etiological confirmation and a compulsory reporting of NCC in
this region.

2. The need to screen recent onset seizures patients
for cysticercal etiology in SEA

NCC is known to be one of the major preventable causes of
adult onset epilepsy in tropical developing countries that is
presently a public health threat crossing international bound-
aries. SEA is an endemic region for NCC with widespread
economically underdeveloped areas. It has been reported that
pork consumption in SEA has considerably increased over the
last decades [24]. There are many small-holder farming com-
munities with inadequate hygiene practice, poor pig manage-
ment, and lack of meat inspection as well as control. Given that
there is evident lack of knowledge and awareness of the actual
burden, routes of transmission, and the impact of NCC in SEA,
there is an urgent need to screen epileptic patients for NCC in
order to fill this gap of information.

The burden of T. solium taeniasis/cysticercosis either in
general communities or in epileptic patients has been docu-
mented in Indonesia [25–30], Thailand and Myanmar [31–41], Lao
People's Democratic Republic (Lao PDR) [42–45], Cambodia [46–

51], Vietnam [52–58], Taiwan [59], and Philippines [60–62]. Thus
many of countries in SEA are known to be endemic for
taeniasis/cysticercosis. However only recently some proposals
being raised to pay attention on the prevention and control of
this NTD [63,64]. Other than the SEA region, T. solium
taeniasis and particularly NCC as a major contributor of recent
onset seizures in other major countries in Asia are widely
documented in India [65–76], China [77–84], Nepal [85–99]. A
recent review on cysticercosis/taeniasis endemicity in SEA
describes a country-wise prevalence picture [60].

In SEA, as in other parts of the globe, there is continuous
migration towards cities or international destinations according
to season, crop harvest time, or other routine activities. SEA is a
target for travel and immigration from neighboring countries for
various reasons that include but not limited to trading, techno-
logical collaboration development, education, and employment.
For example, there is a large immigrant population working in
Malaysia – legally and illegally. Some of the immigrants may be
tapeworm carriers and they work in Malaysian cities as cooks
and food handlers or vegetable/fruit sellers. Most of the time,
immigrants from neighboring countries obtain employment
without undergoing thorough/any health screening or treatment.
This is the main reason for the possible dissemination of
infection into urban communities. Some of these workers might
be domestic helpers in the urban cities of Malaysia. They may
not be aware of the underlying infection and they can spread the
disease to the local population. This problem is not confined to
the inflow of migrants to Malaysia as outbound travel of local
population to other countries is also increasing again for the
various reasons. A large segment of the Malaysian populations
consists of descendants of immigrants and they maintain close
contacts with their places of ancestry. Often they travel to places
in neighboring SEA countries endemic for NCC where they
might be acquiring this parasitic infection.

In Malaysia, recent case reports indicated an emergence of
NCC as diagnosed in major medical centers [100–104]. The most
recent one was a pediatric case of seizure which underwent
surgery for excision of the live worm [101]. These studies
indicated a possible inflow of immigrants being one of the
reasons for the NCC caused recent onset of acute epilepsy
(AE) in Malaysia. An epidemiological study in a rural
province of Sabah, Malaysia Borneo indicated evidence of
exposure to the parasite in the local population (cysticercosis
antibodies = 2.2%) [105]. In a recent screening study by our
group, a positive anti-cysticercus antibody in serum has been
detected in 3.5% (20 of 572) of indigenous communities in
peninsular Malaysia [64]. A personal communication with
Neurocare Division of University of Malaya Medical Center in
Kuala Lumpur (Malaysia) revealed 3 cases of confirmed NCC
in recent time, of which 2 were detected among Malaysians,
and one case was in an Indian nationality (unpublished
observation by Devaraj Pancharatnam). Besides that, few
clinically and radiologically suspected cases attending
neuromedicine clinics were also available in hospital record
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even though those were not surgically proven as cysticercosis,
and thus never reported even if tested positive serologically.
Incidence of ophthalmic cysticercosis is also reported in
Malaysia [102]. Therefore, cysticercosis in Malaysia is believed
to occur in either native or immigrants populations. But the
true prevalence scenario with confirmatory diagnosis of the
etiology is never explored. Moreover, serological positive rate
might be highly variable from study to study because of the
lack of quality diagnostic antigens or inconsistency in
diagnostic reagents used by different researchers as suggested
elsewhere [106]. Because these few cases were only diagnosed
in hospitals from restricted part of this country, however, this
iceberg tip is tempting to explore the way up to its base
provided a larger screening program is set with a scope to
screen high risk communities.

Given that epilepsy is a major problem in SEA including
Malaysia and that PWE have high unemployment rates, and
many are in part-time or low-income employment [107], it will be
beneficial to determine the possible cysticercal burden of
epilepsy in this region so that appropriate treatment
management can be initiated.

The current burden and distribution of NCC, its public health
importance as well as the economic relevance need to be
properly documented in SEA including Malaysia in order to
highlight its importance, and to bring it to the attention of
affected communities, decision-makers and funding agencies.
Therefore if information regarding the burden of epilepsy due to
NCC is generated, then probably the burden can be reduced if
there is any attempt taken to eliminate the underlying infectious
agent. Hence a regional surveillance program for cysticercosis is
of a great need for Malaysia and other unexplored regions in
SEA. Screening acute epileptic patients for possible NCC fol-
lowed by analysis of the patient demographics might be helpful
in tracing its source of transmission to provinces where no much
information is available so far.

3. Challenges

Since there is an increasing acknowledgement of the neuro-
logical burden imposed by cysticercosis recently, it has
demanded large-scale control and elimination programmes
worldwide [108]. In this mission, a better estimate of taeniasis/
cysticercosis NCC burden as obtained by brain imaging can
be ensured by inclusion of individuals with NCC infection
who are asymptomatic carriers. Newer diagnostic materials
and/or tools might be employed for a more accurate diagnosis.
Thereby, preventive measures of epilepsy in CNS infections
can be explored [66]. Various issues that might hinder
screening and reporting of NCC among epileptic patients, and
possible explanations are discussed below.

3.1. Sociocultural and religious issues

There is an assumption that NCC in humans does not occur in
countries in which religious laws prohibit pig breeding and con-
sumption of pork, so the disease has been considered nonexistent
in Muslim countries. Malaysia is known to be a predominantly
Muslim country and a similar assumption might be prevailing in
this country. However, the above assumption might be a chal-
lenge when non-muslim residents and/or expatriates are con-
cerned because, NCC is a diseasemost often acquired via ingested
of eggs excreted by humans infected with the adult tapeworm in
his/her intestine, meaning it can be transmitted without pork
consumption (an infected pig can only perpetuate the infection
causing intestinal taeniasis) [2]. Hence it is not surprising that
vegetarians can also acquire cysticercosis [109]. Recently,
emerging cases of NCC in previously nonendemic Muslim
countries are autochthonous [110]. As in the case of Arabian
Peninsula where many recent cases were reported in wealthy
Muslim families who employed babysitters and housekeepers
from disease endemic areas, it is likely that some were adult
Taenia carriers who transmitted the infection through
unhygienic practices of food handling or directly by the fecal
oral route [110]. Although pig husbandry is regulated in
Malaysia, it is hypothesized that T. solium carriers from
neighboring endemic areas who enter this country every year
might infect native communities and increase the prevalence on
NCC with or without infected pig involvement. Hence, in
Malaysia, the actual prevalence and incidence of NCC is
unknown, and it may be worth considering that many of the
cases might not have been reported.

3.2. Issues with prioritization and clinical management

Similar to NCC, epilepsy is also under-recognized, however
it is an increasing burden on the welfare and economies in the
developing world [111]. Thus prioritization of epilepsy remains a
challenge for public health policy and practice in many
developing countries. Cost-effectiveness of the control strategy
for cysticercosis-related epilepsy is therefore very high [55]. For
both NCC and epilepsy, there is a dilemma always whether
limited resources should be better utilized on general
economic development that is expected to have a broad impact
on the health and welfare of people, or on specific programs
to help affected individuals with NCC and epilepsy. Either
approach requires a thorough economic evaluation [111]. It
may not be optimal to demonstrate a causal association
between epilepsy and infections in CNS. Rather underlying
structural basis, pathogenesis, and prognosis of epilepsy must
also be defined. Moreover, it is also necessary to consider the
effectiveness of antimicrobial agents for treating infections,
and anti-convulsive drugs on seizure outcome [112]. There is a
lack of “full time” epileptologists as well as paucity of
neurologists and neuroradiologists with interest in presurgical
evaluation in Malaysia and probably in many parts of the
SEA. Also there is a skewed distribution of neurology
manpower in Malaysia as documented elsewhere [113]. So a
lack of adequate resources and interest might affect the
establishment of etiological information of epilepsy in this
region.

3.3. Issues with public awareness, attitudes and
knowledge toward epilepsy

Practice of treating PWE in the developing world may be
different from that in developed countries. The knowledge and
attitudes of PWE are well known to impact outcome of any
management practice associated with seizure control [114]. In a
past study on surveying public awareness, knowledge and
attitudes (AKA) toward epilepsy in a rural state of Malaysia
(predominantly Malay population), the respondents were found
to be familiar with epilepsy, however majority of them
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demonstrated a negative attitude and also they had poor
knowledge on the causation and available treatment options of
epilepsy [115]. In order to gauge the current insight regarding
epilepsy among rural communities in Malaysia, again a study
reported the outcomes of those signifying the necessity to
devise a dedicated education program on epilepsy for
implementation among rural communities [116]. Authors
proposed an increased AKA level in society to improve
people's acceptance rate, minimize stigmatisation, and improve
health-related quality of life (HRQoL) for epileptic patients as
well as their families. Findings from another survey also showed
that AKA might play a challenging role that influences patients'
HRQoL, suggesting that epilepsy treatment management plans
should also focus on improving AKA by means of awareness
campaigns in order to improve the overall health outcomes [117].
A global action plan for treatment, stigma reduction and
improvement of HRQoL should be set-up in this country.

3.4. Issues with diagnostic confirmation of NCC

NCC can be a potential cause of refractory seizure which at
times may be difficult to diagnose even if it is not common in
many countries. In Malaysia, it poses a diagnostic challenge as it
is claimed that this disease is not seen amongst the local pop-
ulation; however with the arrival of immigrant workers, a
number of cases have been diagnosed [99]. That is why, the
clinical presentation of seizure and brain imaging should be
taken as priority over blood investigations for diagnosing
NCC, and advanced neurosurgical intervention might be useful
[100]. With a continuously increasing migrating population
from other countries, now it has become even more important
to have a heightened awareness of this particular disease,
especially in patients presenting with recent onset of epileptic
seizures [103]. Hence, in non-endemic areas, clinicians those
caring for refugee or immigrant populations should suspect NCC
in PWE in general, or among those with chronic headache, and/
or other unexplained neurologic manifestations [41].

The majority of cases with NCC do not show typical imaging
features and also solitary brain lesion is often a diagnostic
challenge [118]. Hence it is very important to choose an
appropriate imaging modality for a correct diagnosis of the
etiology in PWE [119]. In resource-poor locations, MRI might
not be performed for all types of brain lesion taken into
consideration of its availability as well as cost factors. Also co-
existence of two common ring-enhancing lesions in the same
patient with typical imaging features may be possible [120].
TWO major diagnostic challenges are: (1) routine hospital
based detection and treatment monitoring; and (2) diagnosis
and monitoring in screening and control studies in endemic
communities. Conventional diagnosis of NCC needs a relevant
clinical history, positive serological test result, and brain
imaging [121].

Commonly, estimation of the prevalence of any infectious
disease is hampered by variable degrees of sensitivity and
specificity of each of the tests used, which might find a limited
or overlapping proportion of the true prevalence. Indeed, several
helminthic species can cause CNS infections and all of these
might cause seizures [122]. Molecular techniques have not yet
been proven useful to diagnose NCC particularly in clinical
settings. Alternatively immunological tests should be able to
discriminate infections with live forms of the parasites from
those with inactive or degenerated forms, and should also be
correlating with parasite load, for clinical management and
post-treatment follow-up [123]. Therefore, understanding the
extent of the burden of NCC among patients with recent onset
seizures and identifying the communities that would benefit
from possible control measures need a specific diagnosis.
Biological stage or the stage of degeneration is also a
challenge for serological diagnosis [124]. Immunosenescence
could be another challenge [125]. There may be a group of
individuals which are seropositive with no evidence of
neurological symptoms or supportive findings upon imaging.
Seropositivity with no evidence of neurological disease might
indicate a sub-clinical infection, a state of protective immu-
nity, or cysticercosis outside of the CNS [126]. It is also possible
that most of the infected hosts produce multiple antibodies of
different specificities that might be appearing at different time
points following infection; apparently antibodies of varying
specificities are developed in response to the qualitative and
quantitative changes in various antigen types released during
different developmental stages of the parasite in the brain [127].
Moreover diagnosis of an early stage infection is a challenge.

3.5. Issues with mass anti-helminthic treatment

WHO has recommended mass treatment with praziquantel
(PZQ) for control of T. solium taeniasis and cysticercosis.
However there might be safety issues. In past there are records
of individuals dying within days following treatment as part of
mass treatment campaigns against schistosomiasis and/or fish-
borne trematodiasis in SEA countries [128]. But there have
been no information on analyzing the cause of sudden deaths
in those treated individuals. If those drug trial areas were also
endemic for taeniasis/cysticercosis, then sudden deaths could
have been due to underlying NCC by which the individuals
succumb due to a side effect of PZQ treatment since, in those
cases, PZQ could have resulted in acute seizures or
convulsions when given without a steroid [29]. Therefore it is
necessary to reconsider the possible adverse effects of PZQ for
treatment of NCC. Particularly during campaigns for parasite
control with mass anti-helminthic treatment it is essential to
consider possibility of numerous individuals in the community
having NCC but with no symptoms [106,128].

4. Recommendations

As of now only few number of cases of NCC reported among
patients with seizures in Malaysia. Besides that reported cases of
ophthalmic and other forms of cysticercosis are also few,
Moreover the serological evidence of cysticercosis are reported
in some remote communities only. So one may argue on paying
attention on this problem in a countrywide scale based on few
cases only. But now the debate is on whether we should consider
NCC as one of the differential in screening epileptic patients in
this region for an etiological confirmation or not. Also the debate
is on the relevancy of initiating a countrywide epidemiological
program in Malaysia in order to assess the actual burden of NCC
causing seizures in this region. It can be suggested that a pro-
spective database of patients with NCC in a group of hospitals in
Malaysia if shows that it is a significant cause of epilepsy alone
will probably justify any program to look into this disease in
greater depth. Similar initiatives might be necessary in other
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parts of the SEA where no previous information available on
prevalence of NCC causing seizures.

However, the real problem is that lack of awareness, under
recognition of the parasitic cause of epilepsy, and poor reporting
contribute to the wrong estimate of its actual burden. When we
consider NCC as a global problem in the current time, then
probably we must remember this as one of the differential
among patients with recent onset seizures particularly when
there is a suspicion based on the travel history and/or passible
exposure to the parasite eggs irrespective of whether we know or
do not know about its prevalence in the country of residence of
any patient. As discussed previously, it is being reported in an
increasing number in previously known non-endemic countries.
Moreover in the current review we intend to justify initiation of
studies in different parts of Malaysia since this is also one of the
countries that is unexplored in the SEA region and is at risk of
cross boundary transmission from neighboring countries known
to be endemic for T. solium infections.

In the proposed WHO mission for control of NTDs, one
important task of the present time is collection of better data on its
burden across the globe [129,130]; particularly in countries of
suspected endemicity or those where emergence of cases are
reported. With respect to the SEA and Western Pacific Regions,
recently, WHO has placed importance for taeniasis/cysticercosis
control under its Regional Action Plans (2012–2016) of the
NTDs control and elimination (correspondence). Hence, a
strategy for a compulsory notification will have major
advantage of providing an accurate estimate of its prevalence at
the regional level in a suspected endemic areas, thereby
permitting a rational use of resources in the global campaigns
for the eradication [131]. Also we need to develop cost effective
but sensitive diagnostic strategies for differentiating either old
or new asymptomatic conditions that might be helpful in mass
population surveillance studies [124]. There is a need of
establishing a better strategy for diagnosis of taeniasis/
cysticercosis by highly reliable molecular techniques as
Figure 1. A Strategy for Estimating Burden of Epilepsy Due to Neurocysticer
*Del Brutto's diagnostic criteria includes viz., absolute, major, minor, and epide
certainty: (1) definitive diagnosis (having one absolute criterion/two major plu
(having one major plus two minor criteria/one major plus one minor and one e
recommended by Akira Ito in the context of the disease burden
in Asia [128].

Also a vast degree of variation in the neuropathological
mechanisms of the disease, and symptoms of NCC often makes
it difficult to diagnose and treat in clinical practice [132]. Hence
there is a current need to provide an assessment of the burden of
NCC among PWE in few pockets in the endemic region
particularly which are never explored before or even regions
which were previously assumed to be non-endemic for T. sol-
ium cysticercosis. For example in a recent study in Bhutan, NCC
has been reported to be associated with 6%–25% of epilepsy in
cohort study [133]. Qatar is a small country on the Eastern coast
of the Arabian Peninsula where NCC is thought to be non-
native. However there are recent reports recommending NCC
to be considered in the etiological differential diagnosis of epi-
lepsy particularly in patients coming from SEA [134]. It is
suggested elsewhere that specific epilepsy protocols should be
considered to increase the diagnostic yield of neuroimaging in
patients with structural lesions associated with focal or
generalized seizures [135].

Since epilepsy is documented to be a major problem in SEA
and NCC which is one of its preventable causes, it is hypothe-
sized to be re-emerging in this region due to various reasons
discussed earlier. Therefore, there is a need of a proper strategy
quantifying its actual burden which is possible if initiated from
the neurocare centers. The first step in this mission includes
screening and identification of cases presenting with seizure
followed by confirmation of the etiology and reporting
(Figure 1).

Other possible infectious causes of seizures must be
considered in differential diagnosis. Cysticercosis must be
considered in diagnosis of soft tissue cystic nodules or masses
where data regarding sizes of lesions might be helpful in
differentiating NCC from other soft tissue lesions and on MRI as
suggested elsewhere [37,136]. Implementation of a validated
questionnaire for investigation of epilepsy and its etiology is
cosis.
miological; interpretation of these criteria permits two degrees of diagnostic
s one minor and one epidemiological criteria); and (2) probable diagnosis
pidemiological criteria/three minor plus one epidemiological criteria) [121].
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necessary. Once the communities at high risk are identified, then
rapid diagnostic tests can be employed to screen the population
at risk in Malaysia/other SEA countries. The public health as
well as economic relevance of T. solium cysticercosis must be
defined prior to action planning for its control. Hospital record
based data collection, and information from slaughterhouses
are also essential [14]. A national registry in each of the
countries will be of a great advantage for proper recording and
analysis to establish an actual prevalence. A reinforcement of
the universal guidelines suggested for diagnosis of NCC,
declaration of NCC as an international reportable disease, and
also standardizing data collection methods could improve our
understanding of the actual global burden of NCC supporting
the recommendations done earlier [5].

5. Conclusion

Though the causal link between CNS infections and seizures
is known previously, for cysticercosis, the link has been
recognized recently. Now it is time to be alert for this neglected
but preventable cause of epilepsy in SEA and to join hands in
line with the elimination programme for NTDs as per WHO's
vision 2020. Even in provinces where pork consumption is le-
gally prohibited, NCC should be considered in the differential
diagnosis for etiologies in all those patients with relevant
neurological symptoms, especially in countries sub-endemic for
T. solium or with a large expatriate population as in case of
Malaysia. Hence, it is recommended that NCC should be
included among diseases of public health importance in the
regional programme of surveillance of communicable diseases.
Considering the cross boundary transmission of infections, it is
now essential to explore the actual burden of recent onset sei-
zures due to NCC in SEA and it should be declared reportable.
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[12] Millogo A, Nitiéma P, Carabin H, Boncoeur-Martel MP,
Rajshekhar V, Tarnagda Z, et al. Prevalence of neurocysticercosis
among people with epilepsy in rural areas of Burkina Faso. Epi-
lepsia 2012; 53(12): 2194-2202.

[13] Raccurt CP, Agnamey P, Boncy J, Henrys JH, Totet A. Sero-
prevalence of human Taenia solium cysticercosis in Haiti.
J Helminthol 2009; 83: 113-116.

[14] Engels D, Urbani C, Belotto A, Meslin F, Savioli L. The control
of human (neuro)cysticercosis: which way forward? Acta Trop
2003; 87: 177-182.

[15] Villarán MV, Montano SM, Gonzalvez G, Moyano LM,
Chero JC, Rodriguez S, et al. Epilepsy and neurocysticercosis: an
incidence study in a Peruvian rural population. Neuro-
epidemiology 2009; 33(1): 25-31.

[16] Román G, Sotelo J, Del Brutto O, Flisser A, Dumas M, Wadia N,
et al. A proposal to declare NCC an international reportable dis-
ease. Bull World Health Organ 2000; 78(3): 399-406.

[17] García HH, Pretell EJ, Gilman RH, Martinez SM, Moulton LH,
Del Brutto OH, et al. A trial of antiparasitic treatment to reduce
the rate of seizures due to cerebral cysticercosis. New Engl J Med
2004; 350(3): 249-258.

[18] Ong S, Talan DA, Moran GJ, Mower W, Newdow M, Tsang VC,
et al. Neurocysticercosis in radiographically imaged seizure pa-
tients in U.S. emergency departments. Emerg Infect Dis 2002;
8(6): 608-613.

[19] Kraft Robert. Cysticercosis: an emerging parasitic disease. Am
FamPhysician 2007; 76: 91-96.

[20] Hira PR, Francis I, Abdella NA, Gupta R, Al-Ali FM, Grover S,
et al. Cysticercosis: imported and autochthonous infections in
Kuwait. Trans R Soc Trop Med Hyg 2004; 98(4): 233-239.

[21] Khan FY, Imam YZ, Kamel H, Shafaee M. NCC in Qatari pa-
tients: case reports. Travel Med Infect Dis 2011; 9: 298-302.

[22] Leshem E, Kliers I, Bakon M, Gomori M, Karplus R, Schwartz E.
NCC in travelers: a nation-wide study in Israel. J Travel Med
2011; 18: 191-197.

[23] Ito A, Wandra T, Li T, Dekumyoy P, Nkouawa A, Okamoto M,
et al. The present situation of human taeniases and cysticercosis in
Asia. Recent Pat Antiinfect Drug Discov 2014; 9(3): 173-185.

[24] Erlanger TE, Weiss S, Keiser J, Utzinger J, Wiedenmayer K. Past,
present, and future of Japanese encephalitis. Emerg Infect Dis
2005; 15: 1-7.

[25] Theis JH, Goldsmith RS, Flisser A, Koss J, Chioino C,
Plancarte A, et al. Detection by immunoblot assay of antibodies to
Taenia solium cysticerci in sera from residents of rural commu-
nities and from epileptic patients in Bali, Indonesia. Southeast
Asian J Trop Med Public Health 1994; 25: 464-468.

http://refhub.elsevier.com/S1995-7645(17)30579-5/sref1
http://refhub.elsevier.com/S1995-7645(17)30579-5/sref1
http://refhub.elsevier.com/S1995-7645(17)30579-5/sref1
http://refhub.elsevier.com/S1995-7645(17)30579-5/sref1
http://refhub.elsevier.com/S1995-7645(17)30579-5/sref2
http://refhub.elsevier.com/S1995-7645(17)30579-5/sref2
http://refhub.elsevier.com/S1995-7645(17)30579-5/sref2
http://refhub.elsevier.com/S1995-7645(17)30579-5/sref2
http://refhub.elsevier.com/S1995-7645(17)30579-5/sref3
http://refhub.elsevier.com/S1995-7645(17)30579-5/sref3
http://refhub.elsevier.com/S1995-7645(17)30579-5/sref3
http://refhub.elsevier.com/S1995-7645(17)30579-5/sref3
http://refhub.elsevier.com/S1995-7645(17)30579-5/sref3
http://refhub.elsevier.com/S1995-7645(17)30579-5/sref3
http://refhub.elsevier.com/S1995-7645(17)30579-5/sref4
http://refhub.elsevier.com/S1995-7645(17)30579-5/sref4
http://refhub.elsevier.com/S1995-7645(17)30579-5/sref4
http://refhub.elsevier.com/S1995-7645(17)30579-5/sref4
http://refhub.elsevier.com/S1995-7645(17)30579-5/sref5
http://refhub.elsevier.com/S1995-7645(17)30579-5/sref5
http://refhub.elsevier.com/S1995-7645(17)30579-5/sref5
http://refhub.elsevier.com/S1995-7645(17)30579-5/sref5
http://refhub.elsevier.com/S1995-7645(17)30579-5/sref6
http://refhub.elsevier.com/S1995-7645(17)30579-5/sref6
http://refhub.elsevier.com/S1995-7645(17)30579-5/sref6
http://refhub.elsevier.com/S1995-7645(17)30579-5/sref6
http://refhub.elsevier.com/S1995-7645(17)30579-5/sref7
http://refhub.elsevier.com/S1995-7645(17)30579-5/sref7
http://refhub.elsevier.com/S1995-7645(17)30579-5/sref7
http://refhub.elsevier.com/S1995-7645(17)30579-5/sref8
http://refhub.elsevier.com/S1995-7645(17)30579-5/sref8
http://refhub.elsevier.com/S1995-7645(17)30579-5/sref8
http://refhub.elsevier.com/S1995-7645(17)30579-5/sref9
http://refhub.elsevier.com/S1995-7645(17)30579-5/sref9
http://refhub.elsevier.com/S1995-7645(17)30579-5/sref9
http://refhub.elsevier.com/S1995-7645(17)30579-5/sref10
http://refhub.elsevier.com/S1995-7645(17)30579-5/sref10
http://refhub.elsevier.com/S1995-7645(17)30579-5/sref10
http://refhub.elsevier.com/S1995-7645(17)30579-5/sref11
http://refhub.elsevier.com/S1995-7645(17)30579-5/sref11
http://refhub.elsevier.com/S1995-7645(17)30579-5/sref11
http://refhub.elsevier.com/S1995-7645(17)30579-5/sref12
http://refhub.elsevier.com/S1995-7645(17)30579-5/sref12
http://refhub.elsevier.com/S1995-7645(17)30579-5/sref12
http://refhub.elsevier.com/S1995-7645(17)30579-5/sref12
http://refhub.elsevier.com/S1995-7645(17)30579-5/sref12
http://refhub.elsevier.com/S1995-7645(17)30579-5/sref13
http://refhub.elsevier.com/S1995-7645(17)30579-5/sref13
http://refhub.elsevier.com/S1995-7645(17)30579-5/sref13
http://refhub.elsevier.com/S1995-7645(17)30579-5/sref14
http://refhub.elsevier.com/S1995-7645(17)30579-5/sref14
http://refhub.elsevier.com/S1995-7645(17)30579-5/sref14
http://refhub.elsevier.com/S1995-7645(17)30579-5/sref15
http://refhub.elsevier.com/S1995-7645(17)30579-5/sref15
http://refhub.elsevier.com/S1995-7645(17)30579-5/sref15
http://refhub.elsevier.com/S1995-7645(17)30579-5/sref15
http://refhub.elsevier.com/S1995-7645(17)30579-5/sref15
http://refhub.elsevier.com/S1995-7645(17)30579-5/sref16
http://refhub.elsevier.com/S1995-7645(17)30579-5/sref16
http://refhub.elsevier.com/S1995-7645(17)30579-5/sref16
http://refhub.elsevier.com/S1995-7645(17)30579-5/sref16
http://refhub.elsevier.com/S1995-7645(17)30579-5/sref17
http://refhub.elsevier.com/S1995-7645(17)30579-5/sref17
http://refhub.elsevier.com/S1995-7645(17)30579-5/sref17
http://refhub.elsevier.com/S1995-7645(17)30579-5/sref17
http://refhub.elsevier.com/S1995-7645(17)30579-5/sref18
http://refhub.elsevier.com/S1995-7645(17)30579-5/sref18
http://refhub.elsevier.com/S1995-7645(17)30579-5/sref18
http://refhub.elsevier.com/S1995-7645(17)30579-5/sref18
http://refhub.elsevier.com/S1995-7645(17)30579-5/sref19
http://refhub.elsevier.com/S1995-7645(17)30579-5/sref19
http://refhub.elsevier.com/S1995-7645(17)30579-5/sref20
http://refhub.elsevier.com/S1995-7645(17)30579-5/sref20
http://refhub.elsevier.com/S1995-7645(17)30579-5/sref20
http://refhub.elsevier.com/S1995-7645(17)30579-5/sref21
http://refhub.elsevier.com/S1995-7645(17)30579-5/sref21
http://refhub.elsevier.com/S1995-7645(17)30579-5/sref22
http://refhub.elsevier.com/S1995-7645(17)30579-5/sref22
http://refhub.elsevier.com/S1995-7645(17)30579-5/sref22
http://refhub.elsevier.com/S1995-7645(17)30579-5/sref23
http://refhub.elsevier.com/S1995-7645(17)30579-5/sref23
http://refhub.elsevier.com/S1995-7645(17)30579-5/sref23
http://refhub.elsevier.com/S1995-7645(17)30579-5/sref24
http://refhub.elsevier.com/S1995-7645(17)30579-5/sref24
http://refhub.elsevier.com/S1995-7645(17)30579-5/sref24
http://refhub.elsevier.com/S1995-7645(17)30579-5/sref25
http://refhub.elsevier.com/S1995-7645(17)30579-5/sref25
http://refhub.elsevier.com/S1995-7645(17)30579-5/sref25
http://refhub.elsevier.com/S1995-7645(17)30579-5/sref25
http://refhub.elsevier.com/S1995-7645(17)30579-5/sref25


Priyadarshi S. Sahu et al./Asian Pacific Journal of Tropical Medicine 2017; 10(4): 332–340338
[26] Wandra T, Subahar R, Simanjuntak GM, Margono SS, Suroso T,
Okamoto M, et al. Resurgence of cases of epileptic seizures and
burns associated with cysticercosis in Assologaima, Jayawijaya,
Irian Jaya, Indonesia, 1991–95. Trans R Soc Trop Med Hyg 2000;
94(1): 46-50.

[27] Ito A, Wandra T, Yamasaki H, Nakao M, Sako Y, Nakaya K,
et al. Cysticercosis/taeniasis in Asia and the Pacific. Vector-Borne
Zoonotic Dis 2004; 4(2): 95-107.

[28] Salim L, Ang A, Handali S. Cysticercosis Working Group in
Papua, Tsang VC. Seroepidemiologic survey of cysticercosis-
taeniasis in four central highland districts of Papua, Indonesia.
Am J Trop Med Hyg 2009; 80: 384-388.

[29] Wandra T, Sudewi AA, Swastika IK, Sutisna P, Dharmawan NS,
Yulfi H, et al. Taeniasis/cysticercosis in Bali, Indonesia. Southeast
Asian J Trop Med Public Health 2011; 42(4): 793-802.

[30] Wandra T, Ito A, Swastika K, Dharmawan NS, Sako Y,
Okamoto M, et al. Taeniases and cysticercosis in Indonesia: past
and present situations. Parasitology 2013; 140(13): 1608-1616.

[31] Agapejev S. Neurocysticercosis: about 5 reported Thai cases.
J Neurosci Rural Pract 2015; 6(4): 469-470.

[32] McCleery EJ, Patchanee P, Pongsopawijit P, Chailangkarn S,
Tiwananthagorn S, Jongchansittoe P, et al. Taeniasis among ref-
ugees living on Thailand-Myanmar border. Emerg Infect Dis
2015; 21(10): 1824-1826.

[33] Wiwanitkit V. Spinal Taenia solium cysticercosis. Eur Spine J
2015; http://dx.doi.org/10.1007/s00586-015-4321-3. Article ID
26577395.

[34] Wiwanitkit S, Wiwanitkit V. Racemose cysticercosis: a summary
of 5 reported Thai cases. J Neurosci Rural Pract 2015; 6(3): 451.

[35] Wiwanitkit V. Endoscopic transaqueductal removal of euro-
cysticercosis. Turk Neurosurg 2016; 26(6): 960.

[36] Anantaphruti MT, Yamasaki H, Nakao M, Waikagul J,
Watthanakulpanich D, Nuamtanong S, et al. Sympatric occur-
rence of Taenia solium, T. saginata, and T. asiatica. Thail Emerg
Infect Dis 2007; 13(9): 1413.

[37] Anantaphruti MT, Okamoto M, Yoonuan T, Saguankiat S,
Kusolsuk T, Sato M, et al. Molecular and serological survey on
taeniasis and cysticercosis in Kanchanaburi Province, Thailand.
Parasitol Int 2010; 59(3): 326-330.

[38] Sirikulchayanonta V, Sirikulchayanonta C, Leopairat J.
A descriptive study of 36 cases of solitary soft tissue cysticercosis at
Ramathibodi Hospital from surgical specimens during 1990-2006.
Southeast Asian J Trop Med Public Health 2007; 38: 420-423.

[39] Yodnopaklow P, Mahuntussanapong A. Single small enhancing
CT lesion in Thai patients with acute symptomatic seizures: a
clinico-radiological study. Trop Med Int Health 2000; 5: 250-255.

[40] O'Neal SE, Robbins NM, Townes JM. Neurocysticercosis among
resettled refugees from Burma. J Travel Med 2012a; 19: 118-121.

[41] O'Neal SE, Townes JM, Wilkins PP, Noh JC, Lee D,
Rodriguez S, et al. Seroprevalence of antibodies against Taenia
solium cysticerci among refugees resettled in United States.
Emerg Infect Dis 2012b; 18(3): 431-438.

[42] Choudhury AA, Conlan JV, Racloz VN, Reid SA, Blacksell SD,
Fenwick SG, et al. The economic impact of pig-associated parasitic
zoonosis in Northern Lao PDR. Ecohealth 2013; 10(1): 54-62.

[43] Conlan J, Khounsy S, Inthavong P, Fenwick S, Blacksell S,
Thompson RC, et al. A review of taeniasis and cysticercosis in
the Lao People's Democratic Republic. Parasitol Int 2008; 57:
252-255.

[44] Jeon HK, Yong TS, Sohn WM, Chai JY, Min DY, Rim HJ, et al.
Human neurocysticercosis case and an endemic focus of Taenia
solium in Lao PDR. Korean J Parasitol 2013; 51(5): 599-602.

[45] Holt HR, Inthavong P, Khamlome B, Blaszak K, Keokamphe C,
Somoulay V, et al. Endemicity of zoonotic diseases in pigs and
humans in lowland and upland Lao PDR: identification of socio-
cultural risk factors. PLoS Negl Trop Dis 2016; 10(4): e0003913.

[46] Firemark HM. Spinal cysticercosis. Arch Neurol 1978; 35:
250-251.

[47] Knezevic W, Fisher A, Sterrett G, Stokes BA. Cysticercosis of the
fourth ventricle. A classic presentation of an old scourge. Med J
Aust 1983; 2: 670-671.
[48] Sovyra T. Prevalence of porcine cysticercosis and trichinellosis
in slaughter pigs of Cambodia. Chiang Mai. Thailand: Chiang
Mai University; 2005 (Masters Thesis).

[49] Willingham AL. Combating Taenia solium Cysticercosis in
Southeast Asia: An Opportunity for improving human health and
livestock production. [Online]. Available from: http://www.rnas.
org.cn/upload/infile/2008-9-25160539-combating.pdf. [Accessed
on 7 August 2013].

[50] Jeon HK, Yong TS, Sohn WM, Chai JY, Hong SJ, Han ET, et al.
Molecular identification of Taenia tapeworms by Cox1 gene in
Koh Kong, Cambodia. Korean J Parasitol 2011; 49: 195-197.

[51] Priest JW, Jenks MH, Moss DM, Mao B, Buth S,
Wannemuehler K, et al. Integration of multiplex bead assays for
parasitic diseases into a national, population-based serosurvey of
women 15-39 years of age in Cambodia. PLoS Negl Trop Dis
2016; 10(5): e0004699.

[52] Willingham AL 3rd, De NV, Doanh NQ, Cong le D, Dung TV,
Dorny P, et al. Current status of cysticercosis in Vietnam.
Southeast Asian J Trop Med Public Health 2003; 34: 35-50.

[53] Somers R, Dorny P, Nguyen VK, Dang TC, Goddeeris B,
Craig PS, et al. Taenia solium taeniasis and cysticercosis in three
communities in north Vietnam. Trop Med Int Health 2006; 11:
65-72.

[54] Somers R, Dorny P, Geysen D, Nguyen LA, Thach DC,
Vercruysse J, et al. Human tapeworms in north Vietnam. Trans R
Soc Trop Med Hyg 2007; 101: 275-277.

[55] Montresor A, Palmer K. Taeniasis/cysticercosis trend worldwide
and rationale for control. Parasitol Int 2006; 55: S301-S303.

[56] Trung DD, Praet N, Cam TD, Lam BV, Manh HN, Gabri€el S,
et al. Assessing the burden of human cysticercosis in Vietnam.
Trop Med Int Health 2012; 18(3): 352-356.

[57] Van De N, Le TH, Lien PT, Eom KS. Current status of taeniasis
and cysticercosis in Vietnam. Korean J Parasitol 2014; 52(2):
125-129.

[58] Nguyen T, Cheong FW, Liew JW, Lau YL. Seroprevalence of
fascioliasis, toxocariasis, strongyloidiasis and cysticercosis in
blood samples diagnosed in Medic Medical Center Laboratory, Ho
Chi Minh City, Vietnam in 2012. Parasit Vectors 2016; 9(1): 486.

[59] Yeh SJ, Wu RM. NCC presenting with epilepsia partialis con-
tinua: a clinicopathologic report and literature review. J Formos
Med Assoc 2008; 107: 576-581.

[60] Xu JM, Acosta LP, Hou M, Manalo DL, Jiz M, Jarilla B, et al.
Seroprevalence of cysticercosis in children and young adults
living in a helminth endemic community in leyte, the Philippines.
J Trop Med 2010; 29: 6; http://dx.doi.org/10.1155/2010/603174.
Article ID 603174.

[61] Gordon CA, McManus DP, Acosta LP, Olveda RM,
Williams GM, Ross AG, et al. Multiplex rseal-time PCR moni-
toring of intestinal helminths in humans reveals widespread pol-
yparasitism in Northern Samar, the Philippines. Int J Parasitol
2015; 45(7): 477-483.

[62] Wu HW, Ito A, Ai L, Zhou XN, Acosta LP, Lee Willingham
Iii A. Cysticercosis/taeniasis endemicity in Southeast Asia: cur-
rent status and control measures. Acta Trop 2017; 165: 121-132.

[63] Wandra T, Swastika K, Dharmawan NS, Purba IE, Sudarmaja IM,
Yoshida T, et al. The present situation and towards the prevention
and control of neurocysticercosis on the tropical island, Bali,
Indonesia. Parasit Vectors 2015; 7(8): 148.

[64] Sahu PS, Romano N, Lim YAL, Rohela M. Serological evidence
of possible Taenia solium larval infection in Orang Asli com-
munities of Malaysia. Trop Biomed 2016; 33(1): 170-179.

[65] Rajshekhar V, Joshi DD, Doanh NQ, van De N, Xiaonong Z.
Taenia solium taeniosis/cysticercosis in Asia: epidemiology,
impact and issues. Acta Trop 2003; 87: 53-60.

[66] Singhi P. Infectious causes of seizures and epilepsy in the
developing world. Dev Med Child Neurol 2011; 53: 600-609.

[67] Singhi P, Ray M, Singhi S, Khandelwal N. Clinical spectrum of
500 children with neurocysticercosis and response to albendazole
therapy. J Child Neurol 2000; 15: 207-213.

[68] Prasad KN, Prasad A, Verma A, Singh AK. Human cysticercosis
and Indian scenario: a review. J Biosci 2008; 33: 571-582.

http://refhub.elsevier.com/S1995-7645(17)30579-5/sref26
http://refhub.elsevier.com/S1995-7645(17)30579-5/sref26
http://refhub.elsevier.com/S1995-7645(17)30579-5/sref26
http://refhub.elsevier.com/S1995-7645(17)30579-5/sref26
http://refhub.elsevier.com/S1995-7645(17)30579-5/sref26
http://refhub.elsevier.com/S1995-7645(17)30579-5/sref27
http://refhub.elsevier.com/S1995-7645(17)30579-5/sref27
http://refhub.elsevier.com/S1995-7645(17)30579-5/sref27
http://refhub.elsevier.com/S1995-7645(17)30579-5/sref28
http://refhub.elsevier.com/S1995-7645(17)30579-5/sref28
http://refhub.elsevier.com/S1995-7645(17)30579-5/sref28
http://refhub.elsevier.com/S1995-7645(17)30579-5/sref28
http://refhub.elsevier.com/S1995-7645(17)30579-5/sref29
http://refhub.elsevier.com/S1995-7645(17)30579-5/sref29
http://refhub.elsevier.com/S1995-7645(17)30579-5/sref29
http://refhub.elsevier.com/S1995-7645(17)30579-5/sref30
http://refhub.elsevier.com/S1995-7645(17)30579-5/sref30
http://refhub.elsevier.com/S1995-7645(17)30579-5/sref30
http://refhub.elsevier.com/S1995-7645(17)30579-5/sref31
http://refhub.elsevier.com/S1995-7645(17)30579-5/sref31
http://refhub.elsevier.com/S1995-7645(17)30579-5/sref32
http://refhub.elsevier.com/S1995-7645(17)30579-5/sref32
http://refhub.elsevier.com/S1995-7645(17)30579-5/sref32
http://refhub.elsevier.com/S1995-7645(17)30579-5/sref32
http://dx.doi.org/10.1007/s00586-015-4321-3
http://refhub.elsevier.com/S1995-7645(17)30579-5/sref34
http://refhub.elsevier.com/S1995-7645(17)30579-5/sref34
http://refhub.elsevier.com/S1995-7645(17)30579-5/sref35
http://refhub.elsevier.com/S1995-7645(17)30579-5/sref35
http://refhub.elsevier.com/S1995-7645(17)30579-5/sref36
http://refhub.elsevier.com/S1995-7645(17)30579-5/sref36
http://refhub.elsevier.com/S1995-7645(17)30579-5/sref36
http://refhub.elsevier.com/S1995-7645(17)30579-5/sref36
http://refhub.elsevier.com/S1995-7645(17)30579-5/sref37
http://refhub.elsevier.com/S1995-7645(17)30579-5/sref37
http://refhub.elsevier.com/S1995-7645(17)30579-5/sref37
http://refhub.elsevier.com/S1995-7645(17)30579-5/sref37
http://refhub.elsevier.com/S1995-7645(17)30579-5/sref38
http://refhub.elsevier.com/S1995-7645(17)30579-5/sref38
http://refhub.elsevier.com/S1995-7645(17)30579-5/sref38
http://refhub.elsevier.com/S1995-7645(17)30579-5/sref38
http://refhub.elsevier.com/S1995-7645(17)30579-5/sref39
http://refhub.elsevier.com/S1995-7645(17)30579-5/sref39
http://refhub.elsevier.com/S1995-7645(17)30579-5/sref39
http://refhub.elsevier.com/S1995-7645(17)30579-5/sref40
http://refhub.elsevier.com/S1995-7645(17)30579-5/sref40
http://refhub.elsevier.com/S1995-7645(17)30579-5/sref41
http://refhub.elsevier.com/S1995-7645(17)30579-5/sref41
http://refhub.elsevier.com/S1995-7645(17)30579-5/sref41
http://refhub.elsevier.com/S1995-7645(17)30579-5/sref41
http://refhub.elsevier.com/S1995-7645(17)30579-5/sref42
http://refhub.elsevier.com/S1995-7645(17)30579-5/sref42
http://refhub.elsevier.com/S1995-7645(17)30579-5/sref42
http://refhub.elsevier.com/S1995-7645(17)30579-5/sref43
http://refhub.elsevier.com/S1995-7645(17)30579-5/sref43
http://refhub.elsevier.com/S1995-7645(17)30579-5/sref43
http://refhub.elsevier.com/S1995-7645(17)30579-5/sref43
http://refhub.elsevier.com/S1995-7645(17)30579-5/sref44
http://refhub.elsevier.com/S1995-7645(17)30579-5/sref44
http://refhub.elsevier.com/S1995-7645(17)30579-5/sref44
http://refhub.elsevier.com/S1995-7645(17)30579-5/sref45
http://refhub.elsevier.com/S1995-7645(17)30579-5/sref45
http://refhub.elsevier.com/S1995-7645(17)30579-5/sref45
http://refhub.elsevier.com/S1995-7645(17)30579-5/sref45
http://refhub.elsevier.com/S1995-7645(17)30579-5/sref46
http://refhub.elsevier.com/S1995-7645(17)30579-5/sref46
http://refhub.elsevier.com/S1995-7645(17)30579-5/sref47
http://refhub.elsevier.com/S1995-7645(17)30579-5/sref47
http://refhub.elsevier.com/S1995-7645(17)30579-5/sref47
http://refhub.elsevier.com/S1995-7645(17)30579-5/sref48
http://refhub.elsevier.com/S1995-7645(17)30579-5/sref48
http://refhub.elsevier.com/S1995-7645(17)30579-5/sref48
http://www.rnas.org.cn/upload/infile/2008-9-25160539-combating.pdf
http://www.rnas.org.cn/upload/infile/2008-9-25160539-combating.pdf
http://refhub.elsevier.com/S1995-7645(17)30579-5/sref50
http://refhub.elsevier.com/S1995-7645(17)30579-5/sref50
http://refhub.elsevier.com/S1995-7645(17)30579-5/sref50
http://refhub.elsevier.com/S1995-7645(17)30579-5/sref51
http://refhub.elsevier.com/S1995-7645(17)30579-5/sref51
http://refhub.elsevier.com/S1995-7645(17)30579-5/sref51
http://refhub.elsevier.com/S1995-7645(17)30579-5/sref51
http://refhub.elsevier.com/S1995-7645(17)30579-5/sref51
http://refhub.elsevier.com/S1995-7645(17)30579-5/sref52
http://refhub.elsevier.com/S1995-7645(17)30579-5/sref52
http://refhub.elsevier.com/S1995-7645(17)30579-5/sref52
http://refhub.elsevier.com/S1995-7645(17)30579-5/sref53
http://refhub.elsevier.com/S1995-7645(17)30579-5/sref53
http://refhub.elsevier.com/S1995-7645(17)30579-5/sref53
http://refhub.elsevier.com/S1995-7645(17)30579-5/sref53
http://refhub.elsevier.com/S1995-7645(17)30579-5/sref54
http://refhub.elsevier.com/S1995-7645(17)30579-5/sref54
http://refhub.elsevier.com/S1995-7645(17)30579-5/sref54
http://refhub.elsevier.com/S1995-7645(17)30579-5/sref55
http://refhub.elsevier.com/S1995-7645(17)30579-5/sref55
http://refhub.elsevier.com/S1995-7645(17)30579-5/sref56
http://refhub.elsevier.com/S1995-7645(17)30579-5/sref56
http://refhub.elsevier.com/S1995-7645(17)30579-5/sref56
http://refhub.elsevier.com/S1995-7645(17)30579-5/sref56
http://refhub.elsevier.com/S1995-7645(17)30579-5/sref57
http://refhub.elsevier.com/S1995-7645(17)30579-5/sref57
http://refhub.elsevier.com/S1995-7645(17)30579-5/sref57
http://refhub.elsevier.com/S1995-7645(17)30579-5/sref58
http://refhub.elsevier.com/S1995-7645(17)30579-5/sref58
http://refhub.elsevier.com/S1995-7645(17)30579-5/sref58
http://refhub.elsevier.com/S1995-7645(17)30579-5/sref58
http://refhub.elsevier.com/S1995-7645(17)30579-5/sref59
http://refhub.elsevier.com/S1995-7645(17)30579-5/sref59
http://refhub.elsevier.com/S1995-7645(17)30579-5/sref59
http://dx.doi.org/10.1155/2010/603174
http://refhub.elsevier.com/S1995-7645(17)30579-5/sref61
http://refhub.elsevier.com/S1995-7645(17)30579-5/sref61
http://refhub.elsevier.com/S1995-7645(17)30579-5/sref61
http://refhub.elsevier.com/S1995-7645(17)30579-5/sref61
http://refhub.elsevier.com/S1995-7645(17)30579-5/sref61
http://refhub.elsevier.com/S1995-7645(17)30579-5/sref62
http://refhub.elsevier.com/S1995-7645(17)30579-5/sref62
http://refhub.elsevier.com/S1995-7645(17)30579-5/sref62
http://refhub.elsevier.com/S1995-7645(17)30579-5/sref63
http://refhub.elsevier.com/S1995-7645(17)30579-5/sref63
http://refhub.elsevier.com/S1995-7645(17)30579-5/sref63
http://refhub.elsevier.com/S1995-7645(17)30579-5/sref63
http://refhub.elsevier.com/S1995-7645(17)30579-5/sref64
http://refhub.elsevier.com/S1995-7645(17)30579-5/sref64
http://refhub.elsevier.com/S1995-7645(17)30579-5/sref64
http://refhub.elsevier.com/S1995-7645(17)30579-5/sref65
http://refhub.elsevier.com/S1995-7645(17)30579-5/sref65
http://refhub.elsevier.com/S1995-7645(17)30579-5/sref65
http://refhub.elsevier.com/S1995-7645(17)30579-5/sref66
http://refhub.elsevier.com/S1995-7645(17)30579-5/sref66
http://refhub.elsevier.com/S1995-7645(17)30579-5/sref67
http://refhub.elsevier.com/S1995-7645(17)30579-5/sref67
http://refhub.elsevier.com/S1995-7645(17)30579-5/sref67
http://refhub.elsevier.com/S1995-7645(17)30579-5/sref68
http://refhub.elsevier.com/S1995-7645(17)30579-5/sref68


Priyadarshi S. Sahu et al./Asian Pacific Journal of Tropical Medicine 2017; 10(4): 332–340 339
[69] Singh G, Bawa J, Chinna D, Chaudhary A, Saggar K, Modi M,
et al. Association between epilepsy and cysticercosis and tox-
ocariasis: a population-based case-control study in a slum in In-
dia. Epilepsia 2012; 53(12): 2203-2208.

[70] Singh G, Burneo JG, Sander JW. From seizures to epilepsy and its
substrates: neurocysticercosis. Epilepsia 2013; 54: 783-792.

[71] Singhi P, Singhi S. Neurocysticercosis in children. Indian J
Pediatr 2009; 76: 537-545.

[72] Sinha S, Sharma BS. Neurocysticercosis: a review of current
status and management. J Clin Neurosci 2009; 16: 867-876.

[73] Bansal R, Gupta M, Bharat V, Sood N, Agarwal M. Racemose
variant of neurocysticercosis: a case report. J Parasit Dis 2016;
40(2): 546-549.

[74] Gosain V, Naik V, Shivakumar S. Clinical and neuroradiological
profile of patients presentingwith neurocysticercosis to a tertiary care
set-up in southern India. J Assoc Physicians India 2016; 64(1): 57.

[75] Pradhan S, Kujur U, Jha RK. A very rare case of multiple neu-
rocysticercosis. J Assoc Physicians India 2016; 64(1): 133.

[76] Thamilselvan P, Muthuraman KR, Mandal J, Parija SC. Rising
trends of neurocysticercosis: a serological report from tertiary-
care hospital in South India. Trop Parasitol 2016; 6(2): 141-146.

[77] Ito A, Nakao M, Wandra T. Human taeniasis and cysticercosis in
Asia. Lancet 2003; 362: 1918-1920.

[78] Li T, Craig PS, Ito A, Chen X, Qiu D, Qiu J, et al. Taeniasis/
cysticercosis in a Tibetan population in Sichuan Province, China.
Acta Trop 2006; 100(3): 223-231.

[79] Ikejima T, Piao ZX, Sako Y, Sato MO, Bao S, Si R, et al.
Evaluation of clinical and serological data from Taenia solium
cysticercosis patients in eastern Inner Mongolia Autonomous
Region, China. Trans R Soc Trop Med Hyg 2005; 99(8): 625-630.

[80] Chaoshuang L, Zhixin Z, Xiaohong W, Zhanlian H, Zhiliang G.
Clinical analysis of 52 cases of neurocysticercosis. Trop Doct
2008; 38: 192-194.

[81] Ou SW, Wang J, Wang YJ, Tao J, Li XG. Microsurgical man-
agement of cerebral parenchymal cysticercosis. Clin Neurol
Neurosurg 2012; 114: 385-388.

[82] Qi B, Ge P, Yang H, Bi C, Li Y. Spinal intramedullary cysti-
cercosis: a case report and literature review. Int J Med Sci 2011;
8: 420-423.

[83] Xiao A, Zeng H, Xiao J, Zhang X, You C. Imaging features of
neurocysticercosis: analysis of consecutive 57 patients in 5 years.
Turk Neurosurg 2015; http://dx.doi.org/10.5137/1019-5149.JTN.
16209-15.0 [Epub ahead of print] PubMed PMID: 27593775.

[84] Xiao A, Xiao J, Zhang X, You C. The surgical value of neuro-
cysticercosis: analyzing 10 patients in 5 years. Turk Neurosurg
2016; 26(5): 744-749.

[85] Agarwal JP. Neurocysticercosis in Nepal and it's global
perspective. Kathmandu Univ Med J 2011; 9: 1-2.

[86] Gauchan E, Malla T, Basnet S, Rao KS. Variability of pre-
sentations and CT-scan findings in children with neuro-
cysticercosis. Kathmandu Univ Med J 2011; 9: 17-21.

[87] Lakhey M, Hirachand S, Akhter J, Thapa B. Cysticerci in
palpable nodules diagnosed on fine needle aspiration cytology.
JNMA J Nepal Med Assoc 2009; 48: 314-317.

[88] Mishra N, Belbase M, Shrestha D, Poudel R, Mishra P. Childhood
neurological illness in Nepal. J Nepal Health Res Counc 2010; 8:
55-62.

[89] Pant B, Devleesschauwer B, Shrestha P, Shrestha I, Praet N,
Dorny P. Intraventricular Taenia solium neurocysticercosis: a report
of three cases. JNMA J Nepal Med Assoc 2011; 51: 192-195.

[90] Piryani RM, Kohli SC, Shrestha G, Shukla A, Malla TB. Human
NCC managed at Nepalganj Medical College, Teaching Hospital,
Kohalpur, Nepal. Kathmandu Univ Med J 2007; 5: 518-520.

[91] Sharma P, Neupane S, Shrestha M, Dwivedi R, Paudel K. An
ultrasonographic evaluation of solitary muscular and soft tissue
cysticercosis. Kathmandu Univ Med J 2010; 8: 257-260.

[92] Shrestha JB, Paudel P, Karmacharya PC. Spontaneous extrusion
of subconjunctival cysticercous cyst: a case report. Nepal Med
Coll J 2008; 10: 139-140.

[93] Yadav SK, Winter I, Singh SK. Management of intra-vitreal
cysticercosis. Nepal J Ophthalmol 2009; 1: 143-145.
[94] Yanagida T, Yuzawa I, Joshi DD, Sako Y, Nakao M, Nakaya K,
et al. Neurocysticercosis: assessing where the infection was ac-
quired from. J Travel Med 2010; 17: 206-208.

[95] Adhikari S, Sathian B, Koirala DP, Rao KS. Profile of children
admitted with seizures in a tertiary care hospital of Western
Nepal. BMC Pediatr 2013; 27(13): 43.

[96] Devleesschauwer B, Ale A, Torgerson P, Praet N, Noordhout CM,
Pandey BD, et al. The burden of parasitic zoonoses in Nepal: a
systematic review. PLoS Negl Trop Dis 2014; 8: e2634.

[97] Poudel P, Parakh P, Mehta K. Clinical profile, aetiology and
outcome of afebrile seizures in children. JNMA J Nepal Med
Assoc 2013; 52: 260-266.

[98] Kafle DR, Oli KK. Clinical profile of patients with recurrent
seizure in tertiary care hospital in Nepal. Kathmandu Univ Med J
2014; 12(47): 202-206.

[99] Chaudhary N, Mahato SK, Khan S, Pathak S, Bhatia BD. Neu-
rocysticercosis (NCC) with hydrocephalus, optic atrophy and
vision loss: a rare presentation. J Clin Diagn Res 2015; 9(2):
SD01-SD03.

[100] Arasu K, Khairul A, Waran V. NCC an uncommon intra-cerebral
infection in Malaysia. Med J Malays 2005; 60: 514-516.

[101] Hasan MS, Basri HB, Hin LP, Stanslas J. Surgical remotion of a
cysticercotic granuloma responsible for refractory seizures: a case
report. Surg Neurol Int 2011; 2: 177.

[102] Nor Zainura Z, Barkeh HJ, Wong JS, Muhaya M. A rare case of
subretinal cysticercosis. Med J Malays 2005; 60: 650-652.

[103] Chew NK, Tan CT, Goh KJ, Kamarulzaman A, Paul G, Ramli N,
et al. The first case of neurocysticercosis diagnosed ante-mortem
in Malaysia. Neurol J Southeast Asia 2001; 7: 135-138.

[104] Ibrahim N, Azman Ali R, Basri H, Phadke P. Neurocysticercosis
in a Malaysian muslim. Neurol J Southeast Asia 2003; 8: 45-48.

[105] Noor Azian MY, Hakim SL, Sumiati A, Norhafizah M. Sero-
prevalence of cysticercosis in a rural village of Ranau, Sabah,
Malaysia. Southeast Asian J Trop Med Public Health 2006; 37:
58-61.

[106] Ito A. Nothing is perfect! Trouble-shooting in immunological and
molecular studies of cestode infections. Parasitology 2013; 140:
1551-1565.

[107] Lim KS, Wo SW, Wong MH, Tan CT. Impact of epilepsy on
employment in Malaysia. Epilepsy Behav 2013; 27: 130-134.

[108] Lustigman S, Geldhof P, Grant WN, Osei-Atweneboana MY,
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[126] García HH, González AE, Del Brutto OH, Tsang VC, Llanos-
Zavalaga F, Gonzalvez G, et al. Cysticercosis working group in
Peru.. Strategies for the elimination of taeniasis/cysticercosis.
J Neurol Sci 2007 Nov 15; 262(1–2): 153-157.

[127] Schantz PM. Of worms, dogs, and human hosts: continuing
challenges for veterinarians in prevention of human disease. J Am
Vet Med Assoc 1994; 204: 1023-1028.

[128] Ito A, Li T, Chen X, Long C, Yanagida T, Nakao M, et al. Mini
review on chemotherapy of taeniasis and cysticercosis due to
Taenia solium in Asia, and a case report with 20 tapeworms in
China. Trop Biomed 2013; 30: 164-173.

[129] Hotez PJ, Bundy DAP, Beegle K, Brooker Simon, Drake Lesley,
de Silva Nilanthi, et al. Helminth infections: Soil-transmitted
helminth infections and schistosomiasis. In: Jamison DT,
Breman JG, Measham AR, Alleyne G, Claeson M, Evans DB,
et al., editors. Disease control priorities in developing countries.
2nd ed. Washington (DC): World Bank; 2006.

[130] WHO. Report of the WHO expert consultation on foodborne
trematode infections and taeniasis/cysticercosis. [Online]. Avail-
able from: http://www.who.int/neglected_diseases/preventive_
chemotherapy/WHO_HTM_NTD_PCT_2011.3.pdf. [Accessed
on March 2017].

[131] WHO. Report of the WHO on neuro disorders in public health
challenges. [Online]. Available from: http://www.who.int/mental_
health/neurology/neurological_disorders_report_web.pdf
[Accessed on March 2017].

[132] Ahmad R, Khan T, Ahmad B, Misra A, Balapure AK. Neuro-
cysticercosis: a review on status in India, management, and
current therapeutic interventions. Parasitol Res 2017; 116(1):
21-33.

[133] Brizzi K, Pelden S, Tshokey T, Nirola DK, Diamond MB,
Klein JP, et al., Bhutan Epilepsy Project. Neurocysticercosis in
Bhutan: a cross-sectional study in people with epilepsy. Trans R
Soc Trop Med Hyg 2016; 110(9): 517-526.

[134] Haddad N, Melikyan G, Al Hail H, Al Jurdi A, Aqeel F,
Elzafarany A, et al. Epilepsy in Qatar: causes, treatment, and
outcome. Epilepsy Behav 2016 Oct; 63: 98-102.

[135] Lapalme-Remis S, Cascino GD. Imaging for adults with seizures
and epilepsy. Contin (Minneap Minn) 2016; 22(5): 1451-1479.

[136] Me�strovi�c T, Sviben M, Vilibi�c-Čavlek T, Ljubin-Sternak S,
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