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Neurocysticercosis has been recognized as a major cause of secondary epilepsy worldwide. So far, most
of the knowledge about the disease comes from Latin America and the Indian subcontinent. Unfortunately,
in sub-Saharan Africa the condition was neglected for a long time, mainly owing to the lack of appropriate
diagnostic tools. This review therefore focuses on the prevalence of neurocysticercosis in sub-Saharan
Africa, the clinical picture with emphasis on epilepsy, as well as the diagnosis and treatment of
neurocysticercosis and its related epilepsy/epileptic seizures in African resource-poor settings.
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Neurocysticercosis (NCC) represents the commonest

helminthic infection of the central nervous system

and one of the most important causes of secondary

epilepsy worldwide.1,2 The disease is reported to

cause between 20 and 50% of all late-onset epilepsy

cases globally1,3–7 and is also assumed to be a

common cause of juvenile epilepsy in certain parts

of the world, in particular southern Africa.8–12 NCC

is not only the major cause of acquired epilepsy/

epileptic seizures in many developing countries, but is

also of increasing concern in northern/western

countries due to globalisation and migration of

infected people.13–17

Life Cycle of Taenia solium cysticercus and Its
Development in the Brain
Cysticercosis, a zoonotic disease, is caused by the

larval stage (cysticercus) of the porcine tapeworm

Taenia solium. The parasite’s life cycle is shown in

Fig. 1. In humans, cysticerci are mainly found in the

central nervous system (brain and spine), and in

subcutaneous tissue, skeletal muscle, and the eye,

whereas in pigs cysticerci mainly lodge in skeletal

muscle.18 In the brain, immature cysticerci appear

within some weeks after ingestion of T. solium eggs

(stage 1). Stage 2 (some months after egg ingestion) is

characterized by mature cysticerci with virtually no

inflammatory response which may persist for many

years. Eventually, after some years, asymptomatic

stage 2 cysticerci develop into symptomatic stage 3

degenerating cysticerci that no longer prevent the

host’s immune response with resulting intense inflam-

mation which may lead to clinical signs and

symptoms. In stage 4, the cysticercus calcifies or

resolves without scarring.19

Prevalence of NCC in Sub-Saharan Africa
Suggested calculation of the prevalence rates of
NCC
In sub-Saharan Africa, the presence of porcine

cysticercosis is well established,11,20,21 but so far only

few studies on human cysticercosis/NCC have been

conducted.22 Studies in rural populations of Uganda,

Zambia, and Burkina Faso and in an urban popula-

tion of Tanzania, that are combining serology and

neuroimaging data, are underway. A recent meta-

analysis on the prevalence of NCC in people with

epilepsy, including 12 studies mainly from Latin

America, India and sub-Saharan Africa, found that

NCC was the cause of epilepsy in almost 30% of

people with epilepsy.23

If extrapolating the above result to the entire

population of sub-Saharan Africa (approximately

850 million people)24 and assuming a prevalence of

epilepsy of 4–13/1000,25,26 3.40–11.05 million people

would suffer from epilepsy. In 2010, 631 776 908

people lived in the T. solium taeniosis/cysticercosis

endemic areas of sub-Saharan Africa (endemic

countries: WHO 2010;27 populations in these endemic

countries: World Atlas 201028), yielding an epilepsy

population of 2.53–8.21 million. Thirty per cent of

epilepsy in endemic regions is due to NCC,23

amounting to 0.76–2.46 million people with epilepsy
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Figure 1 Life cycle of Taenia solium cysticerci. Humans become infected with the adult worm by eating undercooked pork

containing cysticerci and develop taeniosis (tapeworm infection) , . Tapeworm eggs or gravid proglottids are excreted

from an infected human host into the environment and can be taken up by freely roaming pigs that develop porcine

cysticercosis with cysticerci that mainly form in their muscles . The porcine cysticercosis/taeniosis cycle is complete once

undercooked infected pork meat is again consumed by a human host . Taenia solium eggs are not only infectious to pigs

(paratenic or intermediate hosts) but also to humans , . They can be ingested following direct or indirect (via faecal matter)

contact with tapeworm carriers , , which represents the most common route of infection, as well as through the

consumption of water or food contaminated with tapeworm eggs . However, the latter is of much less relevance. When

humans ingest Taenia solium eggs through faecal–oral transmission or possible autoinfection, they become accidental

hosts of the larval stage of the parasite and develop human cysticercosis . Centers for Disease Control and Prevention’s

website for parasite identification: http://www.dpd.cdc.gov/dpdx/HTML/Taeniasis.htm.
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due to NCC in sub-Saharan Africa. Epilepsy makes up

for 80% of symptomatic NCC29 and therefore 0.95–3.08

million people would suffer from symptomatic NCC,

including all cases with any (not just epilepsy)

neurological symptom/sign due to NCC. We also know

that symptomatic NCC is only the tip of the iceberg and

that the majority of people with NCC are asympto-

matic. Data regarding asymptomatic NCC cases vary,

but autopsy studies and community-based neuroima-

ging studies indicate that between approximately 50

and 80% of all people affected with NCC may be

asymptomatic.30,31 Using the conservative estimate of

50% another 0.95–3.08 million people would have

latent NCC. Therefore, the total of all people suffering

from NCC (symptomatic and asymptomatic) in sub-

Saharan endemic countries would be somewhere

between 1.90 and 6.16 million. These figures, however,

represent only very crude estimates, but this is the

closest one can get to reality. Prevalence of porcine

cysticercosis varies from country to country, region to

region, village to village and even household to house-

hold. Theoretically, one could take the above numbers

and subtract all areas with predominantly Muslim and/

or urban populations assuming that NCC may not

occur in these populations. However, in urban popula-

tions pigs reared in rural communities are sold and

eaten and Muslim people mix with pork eating

neighbours. Contamination of the environment with

T. solium eggs therefore is also possible in non-pig

rearing communities. Teasing out all these variables is

virtually impossible but calls for more country-based

prevalence data on NCC in order to get a clearer picture

of the focal distribution of NCC in sub-Saharan Africa.

Asymptomatic NCC and mass drug
administration
Although latent NCC does not contribute to disease

burden, people with living cysticerci can become

symptomatic at any time based on the natural course

of the disease (see above). In addition, there is also a

potential risk that treatment with drugs targeting soil-

transmitted helminths, lymphatic filariasis, and schis-

tosomiasis may precipitate the conversion of latent

NCC to symptomatic disease through mass drug

administration. At therapeutic doses (see below)

praziquantel and albendazole are both known to be

able to convert latent/asymptomatic cysticerci to

symptomatic cysticerci by destroying the parasite

and potentially provoking brain oedema. This is the

reason for which co-administration with steroids

is recommended (see below). However, reports of

sudden onset of serious neurological signs and/or

death after mass drug administration during which

antihelminthic drugs are used at lower doses [prazi-

quantel 40 mg/kg (single dose; frequency depending

on endemicity level: maximum once a year) for

schistosomiasis and 5 mg/kg/year (single dose) for

taeniosis; albendazole as a 400 mg single dose for both

soil-transmitted helminths and lymphatic filariasis

(frequency depending on endemicity level: maximum

every 6 months)] have also been noted.32–35 Neurolo-

gical side effects associated with imaging-confirmed

exacerbation of NCC have been noted in a 12-year-old

girl after a one–off intake of praziquantel at a dose as

low as 5 mg/kg during mass treatment against human

taeniosis for the control of cysticercosis34,36 and in a

young woman after self-medication for taeniosis with

a single dose of 400 mg albendazole.35

In 2010, 82 800 490 people received albendazole for

lymphatic filariasis, 92 300 833 for soil-transmitted

helminths and 27 811 183 people were given prazi-

quantel for schistosomiasis.37 Approximately 20 mil-

lion people received praziquantel in areas co-en-

demic for taeniosis/cysticercosis (countries endemic for

taeniosis/cysticercosis;27 praziquantel distribution in

these endemic countries: WHO 2011: ‘Informal

Consultation Meeting on Schistosomiasis and Soil-

Transmitted Helminthes’). Assuming that 1–2% of the

population in a taeniosis/cysticercosis endemic area

harbour asymptomatic cysticerci in their brains,30,38

200 000–400 000 people alone would be at potential

risks of developing neurological side effects after

praziquantel distribution. This does not take into

account the distribution of albendazole which is not

only given for lymphatic filariasis to communities in

many countries of eastern and western Africa, but also

to school children for soil-transmitted helminths in

most African countries and in addition most times

is co-administered with praziquantel. According to

WHO, in 2010 albendazole was given to 57.5 million

people in areas co-endemic for lymphatic filariasis and

taeniois/cysticercosis (countries endemic for taeniosis/

cysticercosis;27 albendazole distribution in these ende-

mic countries39). In view of the large-scale distribution

of these drugs reports of precipitation of neurological

symptoms/signs are of concern. In national schistoso-

miasis programmes no neurological signs to date have

been routinely reported (personal communication

Professor Alan Fenwick and Dr Wendy Harrison,

Schistosomiasis Control Initiative, Imperial College,

London), although no large-scale study on the side

effect of mass drug administration in carriers of latent

cysticerci have as yet been performed. Such studies are

desperately needed to evaluate the risk of symptomatic

NCC in asymptomatic carriers of cerebral cysticerci in

sub-Saharan Africa.

Symptomatic NCC in people with epilepsy
Data on sub-Saharan prevalence rates of NCC in

people with epilepsy/epileptic seizures come from few

countries only with results of over 40% (Cameroon)

depending on the serological tests used.11,20,40 Details

on countries excluding South Africa are summarized
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in Winkler et al.22 A recent meta-analysis that only

included African studies showed a significant associa-

tion between epilepsy and cysticercosis with an odds

ratio of 3.4.41 More details on the prevalence of NCC

(serology and imaging) are available from South

African studies.11 The highest imaging-based preva-

lence rates were found in two South African studies,

showing 37% of people with epilepsy attending an

outpatient clinic and 51% of newly diagnosed people

with epilepsy referred to hospital to harbour NCC

lesions on neuroimaging.3,7 The only neuroimaging

study in sub-Saharan Africa outside South Africa

was performed from our own group. Definite NCC

lesions on cerebral computed tomography (cCT) were

demonstrated in 2.4% (5/212), lesions highly sugges-

tive of NCC were present in 11.3% (24/212), and

lesions compatible with NCC were found in 4.2% (9/

212) of people with epilepsy attending an epilepsy

clinic in northern Tanzania. NCC lesions were

significantly more frequent in people with epilepsy

compared to those without epilepsy who underwent

cCT for other reasons.42

Clinical Characteristics of NCC
Overview on pathological and clinical
characteristics of NCC
NCC can cause a variety of symptoms and signs

depending on the number, size, stage, and location of

the pathological changes, as well as the inflammatory host

response, or it can also be clinically asymptomatic.4,29,43,44

There may be single or multiple cysticerci in the brain

(intraparenchymal NCC, approximately 80%) and, in

extreme cases, encephalitis may ensue. Cysticerci

can also occur in the ventricular system and/or

the subarachnoid space (extraparenchymal NCC,

approximately 20%). Ventricular disease may cause

ependymitis and/or increased intracranial pressure.

Arachnoiditis, especially in the basal cisterns, which

can lead to communicating hydrocephalus, vasculitis

and/or compression of cerebral vessels, can result from

subarachnoid disease. Intramedullary cysticerci can

be found in the spinal cord, causing focal neurolo-

gical symptoms/signs, and extramedullary cysticerci

can cause radicular symptoms and/or signs in the

forefront.44,45 A recent publication from Peru reports

the association of subarachnoid NCC and spinal cord

disease with involvement of the spinal subarachnoid

space in 60% of patients. The authors conclude that

more rigorous performance of magnetic resonance

imaging of the spine in people with subarachnoid

NCC is needed.46

Classification of epilepsy/epileptic seizures in
resource-poor settings with reference to NCC
If cerebral cysticerci or calcifications are intrapar-

enchymal, epileptic seizures and/or epilepsy may

ensue. It is mainly during the stage of cysticerci

degeneration that new-onset acute symptomatic

epileptic seizures occur that usually resolve after the

inflammation has died down. In the case of remaining

calcifications, recurrent ‘unprovoked’ epileptic sei-

zures not related to an acute intracerebral disease

(5epilepsy) can develop, although fortunately most

patients remain asymptomatic.47 A systematic review

on the clinical manifestations in people with NCC

showed that the majority of symptomatic cases

(78.8%) had epileptic seizures. This was followed by

headaches in 37.9% of people.29,43

Classifying epileptic seizures in resource-poor

countries is a challenge. Whether seizures reported

in rural Africa are primarily generalised or focal is

still controversial. Some research groups in different

African countries found that primary generalised

seizures were more prevalent, although others report

more focal seizures.1 While members of the

International League Against Epilepsy (ILAE) talk

about the best possible way of classifying epileptic

seizures mainly referring to the western world,

appropriate classification systems for epilepsy in

developing countries are missing. To date the ILAE

classification of epileptic seizures48 and epilepsy

syndromes49 has been used too loosely in the context

of studies conducted in sub-Saharan Africa. Not only

seizure semiology, the description of which due to

sociocultural barriers may be incomplete, but impor-

tant seizure-related issues such as aetiology and

concomitant diseases may be relevant for the

classification of epilepsy/epileptic seizures in these

countries.50 We therefore suggest an adapted more

appropriate version of classification of epilepsy/

epileptic seizures for sub-Saharan Africa with special

emphasis on ensuing therapeutic and prognostic

aspects (Fig. 2).51,52

The classification we propose is based on descrip-

tion of epileptic seizures by the patients and at least

one witness, history of seizures with special emphasis

on age of onset, associated illness, family history and

birth history, as well as a complete neurological

examination. The diagnosis is based on clinical

symptomatology alone as in most African hospitals

electroencephalogram and neuroimaging are not

available. The term ‘primary generalised seizure’ as

opposed to ‘secondary generalised seizure’ is used to

indicate that there is no focal start of the seizure in a

patient who otherwise is healthy.
1. Generalised types of epileptic seizures/epilepsy:

N Generalised epileptic seizures within a specific age
range: primary generalised seizures that start
within a specific age group (mainly between 6 and
25 years, which is the age group in which most of
the genetically determined epilepsies start). There is
no obvious cause for the seizures, encephalopathy
(5diffuse brain damage) is absent. There may
however be a positive family history, suggesting a
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possible genetic background. Seizures of this group
can also be termed idiopathic generalised epilepsies.

N Generalised epileptic seizures outside a specific age
range: primary generalised seizures that start out-
side the specific age range of most of the idiopathic
generalised epilepsies, but have no focal start and
no clinical signs of encephalopathy. There may be a
cause which cannot be diagnosed with the currently
available ancillary means, thus these seizures may
be termed ‘cryptogenic’.

2. Partial (secondary generalised) types of epileptic
seizures/epilepsy:

N Generalised epileptic seizures with encephalopathy:
secondary generalised seizures that start in a general-
ised way, however, serious encephalopathy is
obvious, which is the major difference when
compared to the group below. Causes are static
and may be due to perinatal adverse events or post-
traumatic sequelae, among others. All age groups
can be affected, but there tends to be a shift to the
younger ages.

N Generalised epileptic seizures with focal signs:
secondary generalised seizures with a focal start or

clear unilateral seizures but without major encepha-
lopathy. There may be developmental delay, subtle
signs of a cerebral disorder and/or focal neurological
signs on examination. Underlying causes are often
progressive. All age groups can be affected.

Complex partial seizures: as defined by the ILAE.48

Simple partial seizures: as defined by the ILAE.48

In summary, we suggest a classification of epilepsy/

epileptic seizures based on that of the ILAE but

adapted to local circumstances of resource-poor

countries. The classification has two major cate-

gories: (1) generalised epileptic seizures divided by

age of onset without obvious underlying brain

disorders and (2) partial epileptic seizures with

underlying brain disorders divided by whether the

underlying causes are static or progressive. People

with epileptic seizures/epilepsy due to NCC may be

found in all four groups, but are mainly seen in the

group with generalized epilepsies without focal

neurological signs that start outside the age range

Figure 2 Algorithm on how to classify people with epilepsy/epileptic seizures in resource-poor countries with diagnostic and

therapeutic implications. The first question one has to ask is whether there is any evidence of focal neurological signs or even

more widespread encephalopathy. If there is, the approach in the two groups is different. In most people, mainly children, with

epilepsy with diffuse encephalopathy, diagnostic tests are rarely needed as the extent of the cerebral sequelae is known and

the condition is not progressive. In contrast, in people with epilepsy who show focal signs without diffuse encephalopathy

further diagnostic steps are essential in order to identify the underlying, potentially treatable cause. If neurological examination

is unremarkable, the so-called primary generalised seizures are split according to the age of onset (see text); the two groups

have a different diagnostic and therapeutic approach. Patients with primary generalised seizures that start outside 6–25 years

are more likely to have cerebral lesions compared to those with seizures that start within the range of 6–25 years, where

genetically determined epilepsy prevails. The former therefore need further investigation. In all four groups, treatment depends

mainly on the age of the patient, seizure activity, seizure frequency, the presence of mental handicap and the presence of focal

neurological signs, bearing in mind that the choice of antiepileptic medication is limited. People with epilepsy/epileptic seizures

due to NCC can potentially be found in all four groups, but are mainly seen in patients with generalised late-onset seizures or in

patients with generalised seizures and focal neurological signs without major encephalopathy. For further explanations refer to

the main text. CBZ5carbamazepine, PHT5phenytoin, PHB5phenobarbitone.
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of the genetically determined epilepsies (implying that

there may be structural brain lesions (group 1b) and

in the group with generalized epilepsies with clear

focal signs (group 2b).53 For more details see Fig. 2.

Variance of NCC phenotypes and cysticercosis
genotypes across regions
Although the above described pathological and

clinical presentations of NCC are common, they are

far from uniform. A different phenotype of NCC,

termed single enhancing lesion, which presents as an

enhancing round shaped lesion (in most cases there is

ring enhancement)54 usually below 2 cm in diameter

and without gross perifocal oedema or subsequent

growth is mainly found in India and represents an

important differential diagnosis for tuberculoma in

this region of the world.54–57 These people often show

new-onset seizures of the partial type and most cases

present with single seizures or acute symptomatic

seizures; chronic epilepsy seems to be rare.58

Interestingly, this form of NCC also seems to be

common in travellers returning from taeniosis/cysti-

cercosis endemic countries, but only represents the

minority of cases in people with NCC from other

Asian countries such as China, countries of Latin

America and the African continent.59–61

In patients with incident (first seizure within the

previous year) or prevalent epilepsy/epileptic seizures

from countries other than India one usually sees multiple

intracerebral lesions consisting of cysticerci in various

stages including calcifications (Latin America,6,30,38,62

sub-Saharan Africa,3,7,42,63,64 Asia65–67). Often calcifica-

tions are the only pathology and most of the patients

seem to be asymptomatic with it.6,38 The onset of

seizure (whether incident or prevalent) certainly plays

a role when it comes to the prevailing lesion and it can

be assumed that cysticerci stage 2 and 3 are more likely

to be seen in patients with recent-onset epileptic

seizures, whereas calcifications may be the only

pathology in chronic epilepsy simply because of the

time factor.7,47

These different presentations of intracerebral NCC

lesions and associated epileptic seizures not only seem

to vary between countries but also between indivi-

duals. The presentation of single enhancing lesions

may be a result of mild infection (single enhancing

lesions are clustering in travellers and young people

from India with relatively little exposure to the

parasite) associated with the potential of the host to

overcome the infection. A genetic predisposition may

play a role in this process.60 Also, it is not well

understood why most people with NCC lesions are

asymptomatic,38 but evidence emerges that the

individual reaction of the immune system may play

a role and that there is a genetic predisposition of

who will acquire symptomatic disease.68

The presentation of cysticercosis in sub-Saharan

Africa clinically seems to be similar to that of Latin

America, not only with regards to the appearance of

the intracerebral lesions, but also with regards to its

extraneural features. Subcutaneous cysticerci in

patients with NCC are frequent in Asia, but rarely

found in Latin America and unequally distributed in

Africa.65,69 Subcutaneous cysticerci were reported in

people who suffered from onchocerciasis but other-

wise were healthy in the Northwest of Uganda70 and

in people suffering from epilepsy in Togo,71 whereas

thorough examination of almost 1400 people with

epilepsy from highly endemic T. solium taeniosis/

cysticercosis areas of northern Uganda revealed

absence of subcutaneous nodules (unpublished data).

In a population of people with epilepsy and

confirmed NCC from northern Tanzania, a few

people showed calcified lesions in muscular tissues

of unknown origin (incidental findings on X-ray), but

none had palpable subcutaneous nodules (unpub-

lished data). These differences in extraneural pre-

sentation of cysticercosis correlate well with the two

main genotypes of T. solium that were found to exist

worldwide: a pure Asian and a Latin American/

African mixed genotype.69,72,73 This genetic variation

not only seems to contribute to the overall different

clinical phenotypes of cysticercosis of the various

continents, but may also impact on serological

diagnoses of T. solium cysticercosis. Antigenic varia-

tions of T. solium cysticerci belonging to different

genotypes can be postulated and was corroborated by

findings of differences in immunoblot banding

patterns when using cyst fluid from Asia compared

to that from Latin America/Africa.69 Variation in

genotypes may therefore impact on serodiagnosis and

has to be considered when testing serum from people

living in T. solium taeniosis/cysticercosis endemic

areas with T. solium cysticerci antigen from a

different region as is the case with commercially

available immunoblots. Whether this is at all relevant

for routine diagnosis needs to be established and

currently is evaluated in studies conducted in

Zambia, Tanzania, and Uganda.

Diagnosis of NCC in Sub-Saharan Africa
Diagnosis of NCC has been well established and is mainly

based on neuroimaging and immunodiagnosis.45,74

Diagnostic testing should be initiated if NCC is

suspected on clinical grounds, e.g. epileptic seizures

in people coming from areas endemic for cysticercosis.

In sub-Saharan Africa, due to the lack of diagnostic

facilities, this is only possible in a minority of cases.

The analysis of cerebrospinal fluid of patients with

NCC may indicate parasitic disease or show mono-

nuclear pleocytosis and eosinophilia, depending on

disease activity and the location of lesions. Cell
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counts rarely exceed 100 cells/ml. Protein levels can be

increased to within the range of 50–300 mg/dl, but

glucose levels are usually normal.75 In addition to or

instead of a standard analysis of cerebrospinal fluid,

the diagnostic value of which is debatable and

unremarkable in most cases, serological tests for T.

solium cysticercosis should be performed in suspected

cases. Antigen/antibody enzyme-linked immunosor-

bent assay (ELISA) and immunoblots in serum and/

or cerebrospinal fluid are available, whereby a

positive antigen ELISA indicates active disease with

viable cysticerci and a positive antibody ELISA and/

or immunoblot demonstrates exposure to the para-

site, but not necessarily active disease.18,22,74,76–79

Also, a positive test only indicates cysticercosis but

not necessarily NCC, and the sensitivity and specifi-

city can vary considerably according to the test

used.74,76 In addition, most of these tests are

unavailable in sub-Saharan Africa, although the

capacity has been transferred to some African

centres.22 Furthermore, a DNA-based method of

diagnosis of T. solium cysticercosis is under develop-

ment. Preliminary results in cerebrospinal fluid

indicate variable levels of sensitivity but 100%

specificity.80,81 Again, these techniques, with high-

cost equipment, might not be available in African

countries.

Although positive serological and/or DNA-based

tests may give the first indication, the gold standard of

NCC diagnosis is neuroimaging, including cCT and/or

cerebral magnetic resonance imaging, both of which

are generally not available in sub-Saharan Africa.

Serology may help in areas without CT scanners or

may indicate who should go for cCT examination and

thus save resources. A recent study from Tanzania

indicated a sensitivity of 100% and a specificity of 84%

for diagnosis of active NCC using T. solium cysticer-

cosis antigen ELISA, whereas a study from South

Africa demonstrated much lower sensitivity and

specificity using the same T. solium cysticercosis

antigen ELISA in a different study population.7,82

Neuroimaging not only is essential for confirmation of

diagnosis, but also represents the only method that

differentiates between active and inactive disease.

Active NCC is defined as the presence of at least one

NCC-like cystic lesion (a round shaped hypodensity

on cCT with or without a hyperdense dot representing

the head of the cysticercus (5scolex) usually no bigger

than 1 cm in diameter and without perifocal inflam-

matory reaction (5oedema)) or at least one ring- or

fully enhancing lesion (5granuloma). Only a lesion

showing the scolex is classified as a definite NCC lesion

and considered pathognomonic.18,76–78 In contrast,

parenchymal calcifications are classified as inac-

tive.47,83 Cystic brain lesions, granulomas and calcifi-

cations not only appear in the context of NCC, but

include many parasitological and non-parasitological

diagnoses, and therefore always have to be combined

with immunodiagnostic tests. Results gained from

neuroimaging and T. solium cysticercosis serology, but

also from clinical and pathological examination, X-ray

investigation and treatment with antihelminthic drugs

together with epidemiological criteria are graded as

absolute, major and minor criteria according to their

significance and summarized in the diagnostic criteria

for NCC (definitive, probable and possible) suggested

by Del Brutto et al.77,78,84

Treatment of NCC in Sub-Saharan Africa
Summary of current state of the art treatment
Nash and Garcia45 and Carpio85 in their reviews have

summarized the latest treatment aspects which are

also outlined in Fig. 3. Briefly, treatment approach

depends on whether the disease is intraparenchymal

or extraparenchymal. Neuroimaging is mandatory to

visualize the location of the NCC lesion(s). Therefore,

the algorithm of Fig. 3 cannot be transferred one to

one to resource-poor settings. In that algorithm, only

active intraparenchymal and symptomatic (e.g. epi-

leptic seizures) disease requires treatment with

triple therapy, i.e. antihelminthic drugs (praziquantel

50 mg/kg per day for 15–30 days or albendazole

15 mg/kg per day for 8–15 days), steroids and

antiepileptic medication. Steroids should be initiated

together with antihelminthic drugs to prevent perifo-

cal oedema in intraparenchymal disease and ideally

should be administered for as long as the patient is

symptomatic (e.g. severe progressive headache, acute

symptomatic epileptic seizures), but at least for the

first days antihelminthic treatment is given. So far,

steroid doses in the treatment of NCC have not been

standardized.86 Once the parasite has gone into the

transitional stage (5stage 3 degenerating cysticercus;

see above), antihelminthics may no longer be needed

as the parasite is already attacked and destroyed by

the host. Current advice is that the symptomatic

patient with epileptic seizures should be maintained

on symptomatic treatment only, i.e. steroids and

antiepileptic medication. There is, however, some

controversy over the topic of treatment of the

transitional stage and new results are expected shortly

(personal communication with Professor Hugo

Garcia, Cysticercosis Working Group in Peru). In

inactive symptomatic disease the patient should

receive antiepileptic mediation only if seizures are

present. If perilesional oedema is obvious, steroids

may be beneficial, although there are only anecdotal

reports.86 Treatment of extraparenchymal disease is

much more tedious and in most cases requires lengthy

treatment regimens with antihelminthic medication

and steroids.45 For summary refer to Fig. 3.
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Difficulties of treating NCC in sub-Saharan Africa
Treatment in the presence of neuroimaging

In sub-Saharan Africa, the treatment algorithm of

Fig. 3 should be adhered to, if possible. In urban

centres, CT scanners may be available and in these

areas NCC-suspected cases should undergo cCT.

However, in the majority of cases, especially in rural

areas, CT scanners are not available or the financial

means to get a CT scan are not at hand. In both

scenarios, with and without CT scan, the attending

doctor faces various ‘black boxes’. If a cCT scan

shows active NCC then treatment according to

guidelines (antihelminthic medication, i.e. praziquan-

tel that is mainly available in sub-Saharan Africa,

and steroids; Fig. 3) should be started (in encephalitis

antihelminthic medication must not be administered

and patients should be given steroids only).

Also, in resource-poor settings, patients may not be

particularly compliant with treatment due to various

reasons, or they may take one tablet and not the

other, which may seriously jeopardize their health.

There is no easy way out. Obviously, the patient has

to be informed about the condition and the potential

side effects of the medication. The best solution may

be to keep the patient in hospital for the time of

treatment, but due to financial expenses the patient

may not agree. To minimise costs an elegant solution

may be a high-dose short-term treatment with

100 mg/kg praziquantel in three divided doses every

2 h followed by corticosteroids. This treatment regi-

men has been demonstrated to be successful in single-

cysticercus disease, but unfortunately efficacy could

not be demonstrated in patients with multiple

cysticerci which represent the major phenotype in

sub-Saharan Africa.87,88

Follow-up of patients and monitoring of treatment

success represents another challenge. The CT scanner

may not be functional anymore or the financial

constraints may be too high. An alternative could be

the performance of T. solium cysticercosis antigen-

ELISA which has been shown to indicate active disease82

and the course of antigen levels has been suggested as a

successful tool to monitor treatment response.89 In the

eastern and southern African region, the T. solium

cysticercosis antigen-ELISA has been used for detecting

the infection in both pigs and humans. These tests

have been conducted in Zambia at the Cysticercosis

Working Group of Eastern and Southern Africa

Regional Reference Centre for Immunodiagnosis of T.

solium Infections at the University of Zambia. Member

countries of the Cysticercosis Working Group of Eastern

and Southern Africa usually send samples for antigen-

ELISA testing to this reference laboratory. Recently,

antigen-ELISA facilities have also been established in

Mozambique, Madagascar, South Africa, Burkina Faso,

and Cameroon.

Figure 3 Overview on treatment of NCC according to current guidelines.45,85 Treatment approach in people with NCC is

divided into those with intraparenchymal and those with extraparenchymal disease. According to disease stage and

localisation of lesions different approaches are advocated. Antihelminthic drugs are only administered in active disease. If

there are signs of cerebral oedema steroids are used with and without antihelminthic medication. Steroids are also used

prophylactically together with antihelminthic medication in active disease without cerebral oedema, as oedema may develop

over the course of treatment. In multicystic disease with obvious oedema (5encephalitis) antihelminthic medication must not

be used and the treatment of choice are steroids alone or in combination with antiepileptic medication. The latter is used in all

stages whenever epileptic seizures are present. In subarachnoid disease antihelminthic medication together with steroids may

have to be given in higher doses and over longer time than in patients with intraparenchymal disease. The same is true for

ventricular disease, although the first line treatment is surgery with removal of the ventricular cysts.45 AED5antiepileptic

medication.
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Treatment in the absence of neuroimaging

The majority of patients in resource-poor settings

have neither access to neuroimaging nor to T. solium

cysticercosis antigen ELISA. Therefore, patients

should be treated symptomatically only. If NCC

becomes symptomatic, this is mainly with epileptic

seizures, either as acute symptomatic seizures caused

by perifocal oedema or as chronic epilepsy caused by

calcifications. Apart from epilepsy the patient may

suffer from severe progressive headache alone or in

combination with epileptic seizures. Other neuro-

logical/neuropsychiatric symptoms/signs are less

frequent.29 Neurological examination in most cases

is unremarkable and there is often no clue as to the

origin of the epileptic seizures other than the patient

coming from a T. solium cysticercosis endemic area

which does not really help differentiate NCC-related

seizures from other types of seizures.

In case of acute symptomatic seizures other

potential causes such as cerebral malaria, bacterial

and Tb-meningitis, as well as encephalitis, etc. have

to be excluded and often lumbar puncture is

necessary. In the majority of cases, especially in

patients with intraparenchymal NCC lesions cere-

brospinal fluid may be normal. However, analysis of

cerebrospinal fluid is still important to exclude

potential differential diagnoses which require fast

and specific treatment such as bacterial or Tb-

meningitis. Once the most important differential

diagnoses have been excluded and household contact

with free-roaming pigs and/or consumption of pork

has been established and the patient deteriorates with

signs of increased intracranial pressure, hospitalisa-

tion is advisable and a trial of steroids should be

given together with antiepileptic medication on the

assumption that the epileptic seizures are caused by

acutely symptomatic NCC.

One may argue that by treating symptomatic

patients with steroids only (without antihelminthic

medication) the long-term outcome of the patients

both in terms of cysticercus clearance and severity of

epileptic seizures may be jeopardized. However,

whether antihelminthic drugs increase clearance of

the parasite and ultimately control epileptic seizures

remains controversial. A well-designed study showed

that treatment with albendazole in addition to

antiepileptic medication significantly cleared the

parasite and reduced seizure frequency, especially

those with generalisation, when compared to the

control group that received antiepileptic medication

only.90 However, another study reported that alben-

dazole and antiepileptic treatment did not show

greater benefit than therapy with antiepileptic drugs

alone. The combination treatment led to increased

hospital admission, increased seizure frequency, more

cases of encephalopathy and deaths. A greater

proportion of lesions calcified compared to the group

that was treated with antiepileptic drugs alone, in

which more lesions resolved completely.91 As sub-

Saharan Africa is lacking imaging facilities and ‘blind

treatment’ with antihelminthic medication may cause

severe side effects in terms of cerebral oedema, most

African physicians do not have a choice but to treat

symptomatically, i.e. with steroids and/or antiepil-

eptic medication alone.

Treatment with antiepileptic medication and

withdrawal in the context of NCC

Antiepileptic treatment should be initiated if seizure

activity is recurrent, irrespective of whether epileptic

seizures occur within the setting of symptomatic

cysticerci or calcifications. According to the latest

guidelines of the ILAE92 treatment should already be

initiated after the first epileptic seizure if an under-

lying lesion is present, or in the circumstances of a

resource-poor setting, is suspected. Unfortunately,

the choice of antiepileptic treatment is limited in sub-

Saharan Africa with mainly phenobarbitone, pheny-

toin and carbamazepine available. Valproate is found

rarely and often antiepileptic drugs are out of stock.

Dosing and potential side effects are given in Table 1.

Carbamazepine would be the drug of choice in

generalised epilepsies with an obvious or assumed

focal start as is the case with epileptic seizures related

to NCC. Phenobarbitone and phenytoin can also be

used for treatment of generalised epilepsy with a focal

start, but have substantial side effects, especially the

former, which are better avoided.

Therefore, results on T. solium cysticercosis serol-

ogy and/or neuroimaging may guide the choice

towards the right antiepileptic drugs for people with

epilepsy in areas endemic for T. solium taeniosis/

cysticercosis and should be sought for, if possible. As

the majority of patients in sub-Saharan Africa do not

have access to these diagnostics, antiepileptic treat-

ment has to be started empirically and the response

has to be monitored. If seizures still recur on

sufficient doses, switching to another antiepileptic

drug may be necessary. If possible the patient should

be maintained on monotherapy. A recent study has

shown that most patients with NCC-related epilepsy

are well controlled on monotherapy compared to

those with epilepsy due to other reasons.53 It is self-

evident that patients have to be informed about side

effects of antiepileptic medication, especially the

potentially ensuing tiredness, in order to increase

compliance. Short follow-up visits at the epilepsy

clinic are necessary.

Prolonged usage of antiepileptic medication may

have short- and long-term side effects. Hence, when a

patient with epilepsy is in remission (free of seizures

for some time) discontinuation of medication can be
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justified. Controlled withdrawal of antiepileptic

treatment in sub-Saharan Africa is important as the

majority of patients may stop medication at once

when the seizures have died down, which may lead to

severe withdrawal seizures. There are no guidelines as

to withdrawal of antiepileptic mediation in the

context of NCC and therefore this has to be decided

on a case-by-case basis. In neurological practice,

discontinuation of antiepileptic treatment usually is

considered in people with epilepsy who have been

seizure-free for two years or longer. In the context of

sub-Saharan Africa one year may be justified.25 The

decision to withdraw antiepileptic mediation must

weigh the risk of seizure recurrence against the

benefits in terms of medical, emotional and social

implication of treatment. The factors associated with

a higher-than-average risk of seizure relapse include

partial seizures, the presence of an underlying neuro-

logical condition or brain lesions and abnormalities on

electroencephalogram at the time of withdrawal,

among others.93 Predictors for remaining seizure-free

after withdrawal of antiepileptic medication over one

year were normal neurological examination and use of

carbamazepine prior to withdrawal.94 In the context of

NCC, this means that patients with normal neurolo-

gical examination, those with clearance of NCC

lesions and those that were treated with carbamaze-

pine stand a good chance of remaining seizure-free

after withdrawal of antiepileptic medication.

However, well planned longitudinal studies are neces-

sary to confirm the above assumptions.

For withdrawal of antiepileptic medication in

patients with NCC that have access to CT scanners

various possible scenarios are laid out in Fig. 4 that

may guide the clinician as to when withdrawal of

antiepileptic medication in patients with epilepsy due

to NCC seems justified. In the absence of CT the

clinician may attempt to get serial T. solium

cysticercosis antigen levels89 or electroencephalogram

recordings and if this is not available, he may start

slow tapering of antiepileptic medication under close

supervision after the patient was seizure-free for at

least one year.

Factors influencing access to antiepileptic treatment

in sub-Saharan Africa

Biomedical treatment of people with epilepsy in sub-

Saharan Africa may be affected by important socio-

cultural factors such as traditional beliefs and/or

stigma95 and knowledge of these factors is crucial to

make treatment successful. In this context the term

‘epilepsy treatment gap’ has been coined which

represents the number of people with active epilepsy

who have not accessed biomedical services or who are

not on treatment or are on inadequate treatment.96

This treatment gap has two important components

and includes access to health care and adherence to

treatment.97

Table 1 Antiepileptic medication available in sub-Saharan Africa: drug loading, titration, and maintenance doses as well
as side effects (in the order of their availability)

Antiepileptic
medication Starting dose

Titration (usual
adult maintenance
dose) Side effects (list non-exhaustive)

Route of
administration

Phenobarbitone 1. 30 mg p.o. 30–60 mg
p.o. every
3 days (long
half-life)
(y60–
180 mg/day)

Fatigue, pronounced cognitive
decline, headaches, ataxia,
nystagmus, depression, agitation,
aggression, hyperkinesia (children),
megaloblastic anaemia,teratogenicity,
vitamin K deficiency in new-borns;
rapid titration in status:
respiratory depression

Oral, i.v.,
s.c., i.m.2. (rapid) 50 mg i.v., s.c.

or i.m. every
6 hours diluted
1 : 10 with inj. water
3. (status) 20 mg/kg i.v. diluted
1 : 10 with inj. water (start with
200–400 mg) (maximum rate:
100 mg/minute)

Carbamazepine 200 mg p.o. 200 mg p.o.
every 3 days
(y800–
2000 mg/day)

Vertigo, double vision, nystagmus,
ataxia, movement
disorders, hyponatraemia,
leucopenia, rash, nausea, fatigue,
liver failure, teratogenicity

Oral

Phenytoin 1. 300 mg p.o. 25–50 mg p.o.
per day
(y200–
500 mg/day)

Vertigo, double vision, nystagmus,
tremor, movement disorders, rash,
megaloblastic anaemia, leuco-,
thrombopenia, fatigue, acne, osteopathy,
gingival hyperplasia, liver failure,
irreversible cerebellar atrophy,
teratogenicity; rapid titration in
status: cardiac dysrhythmias, hypotonia

Oral, i.v. (beware
of phlebitis)2. (rapid) 600 mg

p.o. for 3 days
3. (status) 1.5 g i.v. diluted
1 : 10 with inj. water (first
250 mg as bolus, next 500 mg
in 0.5 to 6 hours, next 750 mg
in 1–24 hours according to
clinic) (maximum
rate: 20 mg/minute)
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The ‘access gap’ is caused by factors such as

inconsistent access to health facilities with antiepileptic

medication, lack of knowledge of affected people and

their families, medical personnel and entire commu-

nities on the topic of epilepsy, traditional concepts as to

the origin of epilepsy and resulting stigma towards

people with epilepsy, among other factors.96–99 This

stigma was clearly demonstrated in a recent study from

Zambia which showed that people with epilepsy are

disadvantaged regarding social and economic matters

compared to people with other chronic diseases without

an attached stigma, such as asthma, diabetes mellitus,

hypertension, and rheumatic heart disease.100

The ‘adherence gap’ which describes the failure of

compliance with antiepileptic medication often is due

to lack of information and education of the patients

and their families as well as lack of time and lack of

knowledge on treatment of health personnel.

Adherence to antiepileptic medication not only is

influenced by health service related factors but again

by stigma towards people with epilepsy and by

people’s belief systems which may view epilepsy as

caused by demoniac possession or punishment for

sins, among others.96–99 Those and other factors that

may be responsible for the ‘epilepsy treatment gap’

have to be taken into consideration when dealing

with people with epilepsy/epileptic seizures in sub-

Saharan Africa, irrespective of the origin of the

epileptic seizures.

Prevention of NCC
In sub-Saharan Africa most likely more than in other

parts of the world preventative and educational aspects

of T. solium cysticercosis play an important role. T.

solium taeniosis/cysticercosis is a disease of the poor and

is rampant in communities with a low standard of

sanitation and hygiene. Further risk factors include free-

range pig farming, close contact of humans and pigs and

inadequate meat inspection.101,102 As free access of pigs

to human faeces plays a crucial role in the maintenance

of the life cycle of T. solium cysticerci, education on

proper community-based sanitation, building and usage

of latrines that are inaccessible to pigs and education on

community-friendly pig rearing (restraining pigs, vacci-

nation programmes) are indispensable. Furthermore,

meat inspection procedures as well as controlled

slaughter have to be in place and farmers have to be

educated about how to recognize infected pork. Hygienic

measures such as hand washing after toilet use and

before preparing food, among others, has to be

advocated as it can prevent human cysticercosis which

develops through ingestion of eggs from a tapeworm

carrier through the faecal–oral route (contact with a

tapeworm carrier, contaminated water or food).22

In addition to prevention of human taeniosis/

cysticercosis and porcine cysticercosis both diseases

should be treated adequately. In theory, eradication

of NCC through eradication of human taeniosis

(destroying the source of infection and preventing the

spread of cysticercosis, both in humans and in

pigs)103 and porcine cysticercosis (prevention of new

cases of taeniosis)103 seems possible. Although the

term eradication has been replaced by ‘control and

reduction of NCC’ in T. solium taeniosis/cysticercosis

endemic areas,101,104,105 the aim is certainly still a

valid one. How could this be achieved?

Figure 4 Withdrawal algorithm of antiepileptic medication in people with epilepsy due to NCC. If CT is at hand, we suggest

following the indicated algorithm which refers to people with NCC of various disease stages who previously have been put on

antiepileptic medication. In a nutshell, withdrawal is guided by the presence or absence of intracerebral lesions and by seizure

recurrence. We have defined seizure recurrence as at least one seizure during the last year as this seems to be the accepted

time frame for initiation of antiepileptic treatment in resource-poor settings.25 For more details refer to the main text.

AED5antiepileptic medication, CT5computed tomography. Adapted from Carpio 2012: http://emedicine.medscape.com/article/

1168784-overview#a0199.
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For the control of human taeniosis mass drug

administration of chemotherapeutics directed against

T. solium (the adult pork tapeworm) to communities

endemic for T. solium taeniosis/cysticercosis has been

discussed at length, but so far no firm decision as to its

instalment in sub-Saharan Africa has been reached.103

The drug of choice for treatment of human taeniosis

would be niclosamide (2 g) in a single dose. It is not

absorbed and therefore has virtually no side effects,

but unfortunately it is not available in most countries

of sub-Saharan Africa.104 Praziquantel, which is

available, seems to be effective as well (dosage 5–

10 mg/kg).104,106 However, when given by its own

without steroids perifocal oedema around cysticerci in

the brain or spinal cord may develop due to release of

parasite antigen from viable cysticerci and may lead to

neurological symptoms/signs in the treated individual

(epileptic seizures, severe progressive headache; see

above). So far, only case reports on the development of

neurological symptoms/signs after administration of

praziquantel have been published,32–34 but a large

community-based study on neurological side effects

after mass drug administration of praziquantel is

underway. Another approach may be a more focally

directed treatment as clustering of human cysticercosis

around tapeworm carriers has been shown to be

present.103,107,108 However, the uncertainty of the

occurrence of undesirable neurological side effects still

remains, although their detection seems more favour-

able in a focal setting rather than in whole co-

mmunities. Considering transmission dynamics,

chemotherapy of human taeniosis seems a crucial step

towards control of NCC and definitely deserves

further evaluation, whereas treatment of porcine

cysticercosis (e.g. oxfendazole)109 seems more like an

add-on procedure stabilizing the results of human

chemotherapy.107 However, the combination of the

above described measures, i.e. prevention/education

and treatment of humans and pigs will have to be

tailored to affected communities and strongly depends

on local policies, financial means and available

expertise, among others, and, in an ideal setting,

should include all of the above components.

In summary, symptomatic NCC may affect between

one and three million people throughout T. solium

taeniosis/cysticercosis endemic areas of sub-Saharan

Africa. Asymptomatic cases are potentially at risk of

developing neurological symptoms/signs through mass

drug administration directed against schistosomiasis,

lymphatic filariasis and soil-transmitted helminths.

The clinical presentation of cysticercosis/NCC not

only is determined by the prevailing genotype of T.

solium cysticerci, which seems closely related to that of

Latin America, but may also vary individually based

on genetic, immunological and environmental factors,

among others. Diagnosis and treatment of NCC and

its most common clinical presentation, i.e. epilepsy/

epileptic seizures, is rendered difficult by the scarcity of

neuroimaging facilities and the lack of an adapted

epilepsy classification system together with appropri-

ate antiepileptic treatment, respectively. Thus, the

focus has to be on symptomatic treatment of epileptic

seizures with locally available antiepileptic medication

and steroids in selected cases. Besides treating people

with NCC, prevention strategies as well as education

have to be considered.
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