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Abstract

Introduction: Cysticercosis (CC) is the most common parasitic disease of the central nervous system. It is endemic in most developing countries
where pigs are raised and consumed. An overview of all available data of this parasite in Madagascar is lacking.

Methodology: We conducted a literature review, collecting information on published and available literature about cysticercosis in Madagascar
between January 1st, 1990 and June 30th, 2020.

Results: Out of 858 publications; 61 were included, issued from peer-review indexed journals, non-indexed journals, books, Ministry reports
and press releases. In Madagascar, porcine cysticercosis has been reported since 1901; human cysticercosis is highly prevalent with an overall
estimated seroprevalence between 7 and 21%. Serological analysis is based on Enzyme-Linked Immunosorbent Assay (ELISA) and Enzyme-
linked immunoelectrotransfer blot techniques (EITB) for confirmative testing. Neurocysticercosis (NCC) is the most common pattern of
cysticercosis in Madagascar and it is reponsible for pediatric morbidity causing more than 50% of epilepsy cases. Though CT-Scan is now
available and tends to be considered the gold standard for NCC diagnosis, it remains unaffordable for most Malagasy patients and implies the
proposal of a diagnostic algorithm for physicians.

Conclusions: Our review has revealed that human taeniasis and bovine cysticercosis is a considerable burden in Madagascar. A national control
program has been developed aiming to decrease the seroprevalence rate from 16 to 10% in 2015. The aim of the country is now to implement
a CC control and elimination program. Meanwhile, some massive cysticercosis screenings have been conducted in the capital Antananarivo to
drive people's attention on this widespread infection.
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Introduction

Cysticercosis (CC) of the central nervous system
(neurocysticercosis or NCC) is caused by the larval
stage (cysticercus) of the pork tapeworm Taenia solium.
When people eat undercooked pork containing viable
cysticerci, these develop into an intestinal tapeworm
infection. Human beings can also become dead end
intermediate hosts by ingesting 7. solium eggs shed in
the faeces of human carriers of the adult parasite. These
eggs develop into cysticerci, which establish mostly
into muscles causing cysticercosis, and the central
nervous system causing neurocysticercosis. Brain
infection can cause seizures and many other
neurological symptoms. NCC is a major cause of
epilepsy in developing countries. It is the most
important neurological disease of parasitic origin in
humans [1,2]. The pathogenesis of NCC is unclear but
symptoms seem to be correlated to the stage, the
number and the location of the cysts. Starting as a viable
entity, the cyst gradually degenerates to end as a

calcified granule. Seizures seem to appear mainly at the
degenerating and calcified stage but treatment is
efficient on living cysts. Human cysticercosis is
endemic in the Andean area of South America, Brazil,
Central America and Mexico, China, the Indian
subcontinent, South-East Asia; and sub-Saharan Africa,
including Madagascar [3]. In Madagascar, most of the
available literature on CC has been published in French
in local journals. The objective of this review was to
collect all available data on cysticercosis in Madagascar
up to June 2020 and to synthesize the points of interest.

Methodology

A review of reports, information and indexed
literature on cysticercosis and 7. solium pertaining to
Madagascar and published in the period 01/01/1990-
06/30/2020 has been conducted. The data analysis
focused on epidemiological data, clinical data,
diagnosis, therapeutical and public health aspects for
both human and porcine cysticercosis. The
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investigation covered all regions of the Madagascar
island.

Search

The following search strategy in PubMed
(http://www.ncbi.nlm.nih.gov/pubmed/), and Science
direct (sciencedirect.com) was adopted: (taenia OR
cysticercosis OR cysticercose) AND (Madagascar)
AND (“1990/01/01” to “2020/06/30”). Moreover,
additional published and unpublished studies were
included as well as data or policies from the Ministry of
Health (MoH) and the Ministry of Agriculture of
Madagascar. In addition, all reports released in the daily
Malagasy press available online during the same period
were screened and analysed.

Selection

The authors screened articles found by electronic
search and evaluated their appropriateness based on
title and abstract, established according to the criteria.
Exclusion criteria were: 1) studies considering another
agent (for example Taenia saginata or Echinococcus
spp.), 2) reviews, editorials or letters without original
data, and 3) duplicated data. If the recordings of the
admissibility could not be ascertained according to the
abstract and title only, the full text was analyzed to
exclude or include the document. Manuscripts written
in English, French and Malagasy were included.

Extraction

Data from epidemiological studies were
summarized, while data from case reports and case
series were classified according to the del Brutto criteria
[2]. Press releases were extracted when judged
scientifically relevant.

Results

Out of 858 publications; 61 were included, issued
from peer-review indexed journals, non-indexed
journals, books, Ministry reports and press releases.
Results have been classified in the following categories:
epidemiology, diagnosis, clinical features, prevention,
and policy.

Epidemiology of cysticercosis in Madagascar
Overall

With an area of 587,041 km?, Madagascar is the
fourth largest island in the world (Figure 1). It is located
450 km (280 mi) east of the coast of Mozambique. The
island has a population of more than 22 million, of
which 10% are living in the capital Antananarivo. The
island has a tropical climate with different climatic
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zones: rain clouds originating from over the Indian
Ocean discharge most of their moisture over the island's
eastern coast, resulting in heavy precipitations
supporting the area's rain forest ecosystem. The central
highlands are drier and cooler while the west is drier
and hot, a semi-arid/arid climate prevails in the
southwest and southern part of the island.

The people of Madagascar are known as Malagasy
and represent 18 different ethnic groups of African and
Southeast Asian origin [4]. Nearly half of the Malagasy
population is under the age of 15 years and suffers from
extreme poverty, very low hygiene standards and lack
of education. Madagascar also continues to face serious
health problems. Acute respiratory infection, diarrheal
diseases, fever, and high levels of acute and chronic
malnutrition in children under 3 years of age exemplify
the country's disease burden.

With 1,380,250 pigs in more than 500,000 herds,
the pig population in Madagascar is the seventh largest
in Africa. Most farmers are smallholders who own 2.4
pigs’herd, on average. Pig breeding is mainly

Figure 1. Map of Madagascar indicating the major cities, roads
and altitude.
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concentrated in the highlands which holds 70% of the
total pig population. In villages, pigs roam freely during
the daytime seeking food. The pork meat chain is
generally informal and most owners are reluctant to
embrace official recommendations concerning good
rearing practices [5].

Porcine cysticercosis

Cysticercosis and epilepsy are part of the history of
Madagascar as described in “the possessed” of the
Queen Ranavalona [6].

Porcine cysticercosis was first described in 1901. In
1926, meat inspectors operating in Malagasy
slaughterhouses observed an infection rate of the swine
carcasses of between 4 to 20%. The infection rate was
found to be between 8 and 24% in 1958 and between 3
and 14% in 1961, depending to the geographical area
[7]. Since 1961, illegal slaughtering has grown
considerably (nearly 100% of the slaughtered pigs). The
overall apparent prevalence of cystercercosis was
estimated at 4.6% [4.2 — 5.0 %]. The corrected overall
prevalence defined as the estimated prevalence after
accounting for the sensitivity of meat inspection was
21.03% (19.18- 22.87). A recent survey, in Anosizato
and Ankadindratombo districts of Antananarivo
estimated a prevalence of swine cysticercosis of 4.6%
[4.2 — 5.0 %] based on meat inspection [7] (Figure 2).
Risk factors associated with the incidence were: the pig
breed, the slaughterhouse site and the area of origin of
the pig (highest prevalence in Sofia and Diana
provinces north-east of Madagascar [5,7]. The authors
stated that the prevalence rate found was eight times
higher than officially reported.

J Infect Dev Ctries 2020; 14(9):931-942.

Figure 2. Cysticercosis cysts in a pig’s heart (Pasteur Institute
of Madagascar, 2009).

Molecular studies of cysticerci collected from pigs

in Madagascar demonstrated that Asian and
African/Latin American genotypes are indiginous on
the island [8,9]. A recent study shows that the major
mitochondrial haplotype of 7. solium in Madagascar is
closely related to that from the Indian Subcontinent [4].
There is also evidence of nuclear-mitochondrial
discordance in single tapeworms in the country,
indicating cross-fertilization between the two lineages
of T. solium [4]. Analyses of genetic and geographic
populations of T. solium in Madagascar will shed light
on an apparently rapid evolution of this organism driven
by recent (< 2,000 years) human migrations, following
geographic isolation for over ten thousand years.

Table 1. Characteristics of the main sero-epidemiological surveys on cysticercosis in Madagascar.

Year Area Epidemiological Laboratory Targetf&d Samples Active CC CI195% Ref.
method tests population number prevalence
1992 Mahajanga Cluster sampling E}{:‘II,?BA: > 1 year old 626 19 % 15.8-22.7 [11]
Antana-narivo . ELISA + N

1994 Toamasina Cluster sampling EITB* > 1 year old 626 7.1 % 4.9-10.4 [12]
. . ELISA +

1996 Ambositra Cluster sampling EITB* > 1 year old 793 8.0 % 6.0-10.5 [12]
. . +

1999 Mahajanga Cluster sampling E]{:‘II,?S* > 2 year old 930 16.4 % 13.6-19.7 [12]

1997 Thosy exhaustive E}{:‘II,?BA: > 1 year old 443 212 % 17.6-25.4 [12]

1999 Mahasolo exhaustive EélITSS*i > 1 year old 855 11.6 % 9.6-13.9 [12]

1999 Ambositra exhaustive Eéll,?g*i > 5 year old 728 17.0 % 14.4-20.0 [12]

. . 30,6% (ELISA),
2017 Ifanadiana Sampling ELISA + EITB > 5 year 543 2.2% (EITB) ND [15]

* Samples positive with ELISA were tested by Enzyme-linked Immuno-Electro Transfer Blot (EITB). The presence of the 13 or/and 14 kDa bands was

considered as highly suggestive of active cysticercosis.
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Human cysticercosis
The first epidemiological data on human

cysticercosis were reported by the Pasteur Institute
(IPM) of Madagascar. A prevalence based on
histological analysis of 0.25% was found among 63,488
samples collected and analyzed at the pathology
laboratory from 1954 to 1984. However, histological
reports may not reflect the country CC seroprevalence
[6]. A survey in 1992 in the harbour of Mahajanga
focused on seroprevalence data and on a sero-
diagnostic study. The overall CC seroprevalence was
14.21% (26/183) [10]. Asymptomatic outpatients
showed a seroprevalence of 5.76% (8/139) vs. 31.85%
(107/336) for symptomatic outpatients. In July 1999, a
new seroepidemiological survey was conducted in the
same city of Mahajanga, with the aim to assessing the
prevalence of cysticercosis in the general population of
the city. Blood specimens were collected from a
randomized sample of 626 individuals older than 2
years old. Enzyme-Linked Immunosorbent Assay
(ELISA) and confirmatory Enzyme-linked
immunoelectrotransfer blot techniques (EITB) were
used to measure CC antibodies. The overall prevalence
by ELISA was 19% [95% CI: 15.8-22.7]. Among
ELISA positive cases, 87% were found positive by
EITB [11]. A multi-centric study including 4,375 serum
samples was conducted from 1994 until 1999 aiming at
determinating the seroprevalence of cysticercosis in
different provinces of Madagascar [12]. The study
confirmed that cysticercosis is highly prevalent on the
island, and that a significant difference of
seroprevalence exists between the different provinces:
from 10% in the coastal regions (Mahajanga and
Toamasina) to 20% in the central regions (lhosy,
Ambositra and Mahasolo) (Table 1, Figure 1). Ampefy
area showed in 1999 a seroprevalence of 16% [13] and
recently a survey in Alakamisy Ambohimaha, a rural
town of the highlands, showed 12% [CI95: 6,8- 17,2]
seropositivity [14]. It has also been noted that CC may
occur at any age and that it is equally distributed in
urban and rural areas. However, it is more frequently
detected in women than in men [12,14].

A recent study conducted between 2016 and 2017
focused on the district of Ifanadiana, located at the level
of a geographical and cultural divide of the big island.
The eggs of Taenia spp. were detected in 2.2% of the
samples. By ELISA, the prevalence of antibodies (IgG)
against 7. solium cysticercus membrane glycoproteins
was 30.6% (95% CI: 26.7-34.4) but only 2.2% were
confirmed by EITB. This difference again emphasizes
the difficulties of interpreting the figures according to
the performance of the tools used [15].

J Infect Dev Ctries 2020; 14(9):931-942.

Data collected by the Department for the Fight
against Bilharzia and Cysticercosis during 2001-2003
in Hospitals of Antananarivo showed that 12% of the
serum samples were found positive for Cysticercosis
and that 43.5% of inpatients of the the Neurology Unit

of the Military Hospital Soavinandriana in
Antananarivo were suspected cases of
neurocysticercosis (Ministry of Health, Family

Planning and Social Protection of Madagascar, 2005).
Between 2002 and 2004, the Malagasy Department for
the Fight against Endemic Diseases reported an average
of 250 annual cases of neurocysticercosis that were
diagnosed and treated in the Medical Intensive Care
Unit of the Hospital Ravoahangy Joseph
Andrianavalona [11,12]. Living under the same
conditions as the local population exposes foreigners to
cysticercosis. Among 73 Peace Corps volunteers
(median age, 24 years), who underwent EITB serologic
testing for cysticercosis, 6 (8.2%) were found positive
[16]. EITB assay was also used in a recent survey
performed in Antsirabe hospital (highlands) amongst
suspected NCC patients. The EITB positive rate was
14,8% [17]. These data rank Madagascar as a country
highly endemic for cysticercosis with major
implications in public health

Diagnosis
Laboratory tests

The main clinical laboratories in Antananarivo use
indirect hemagglutination, and commercial or in-house
Immunoenzymatic assays for serological diagnosis of
cysticercosis. The reference laboratory in Madagascar
is hosted at the Pasteur Institute of Madagascar in
Antananarivo (IPM). The Cysticercosis Unit of IPM
developed and implemented serology tests applicable to
epidemiological surveillance and diagnosis of

Figure 3. Extraction of cysts from a pig carcass (Pasteur Institute
of Madagascar, 2009).
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cysticercosis in the Malagasy population: an ELISA test
was used for screening and EITB used for confirmatory
testing [18]. Both tests use a Lentil lectin column
purified glycoprotein fraction prepared from pig
(Figure 3). The ELISA has been adapted from Diwan
[19] and Michault [20]. It has a cut-off value fixed at
0.4 but has shown insufficient specificity [6,21]
justifying a confirmation with EITB, which shows
improved specificity. The EITB test developed at [IPM
(Figure 4) is adapted from the Center for Diseases
Control (CDC) EITB with some modifications [22,23].
Two specific bands (13 and 14 kDa) have been
identified as significant markers of the cysticercus in an
active (vesicle) stage of the infection when cestocidal
treatment is strongly indicated. The same bands may on
the other hand be absent at early (cyst) as well as late
(calcified) stages of the infection [22-24]. In a study
conducted amongst 256 children, 13, 14 and 18 kDa
bands were significantly more frequently detected in
sera of epileptic children than in sera of controls [25].
The B158/B60 Ag-ELISA [26-28] was originally
implemented at IPM in 2010. First evaluations reported
increased specificity and sensitivity, especially in
single-cyst carriers who were misdiagnosed by the
routine antibody ELISA (73% vs. 17%, respectively, in
patients with epidemiological, clinical and CT-Scan
features compatible with NCC) [29]. Real time PCR
was developped in Madagascar based on 7. solium
COX1 gene detection for diagnosis on cerebrospinal
fluid (CSF). This technique was compared with the
EITB also perfomed on CSF. It was found that 80% of
patients with seizures and scanographic abnormalities
were positive for PCR and/or EITB conducted in CSF.
However, patients with seizures but with negative CT-
scan, showed 37% and 56% positivity for PCR and
EITB in Cerebrospinal fluid (CSF), respectively [14].
However, nucleic acid amplification tests are
unaffordable for most Malagasy patients and only
available in specialized laboratories in Antananarivo.
Currently, they are not in use for routine detection of
the parasite but are used mostly for research.

The lack of ante-mortem diagnostic tools for
porcine cysticercosis renders the evaluation of its
prevalence difficult. Tongue palpation is specific but
has a poor sensitivity (~20%). Serological tests
detecting antigens or antibodies seem to be promising
for the diagnosis of CC in pigs. PCR is used to detect
pathogens especially in industrialized countries but its
performance for the diagnosis of porcine cysticercosis
had not yet been evaluated. Therefore, the performance
of PCR and Antibody ELISA assays has been evaluated
by the IPM on 67 pig serum samples. Results indicate

J Infect Dev Ctries 2020; 14(9):931-942.

that ELISA on pig serum samples shows high
sensitivity and good specificity while the PCR has a
high specificity but a low sensitivity [30]. The

Figure 4. Homemade immuno-electro-transfer-blot (Pasteur
Institute of Madagascar, 2009).

=

A: molecular weight marker (kDa); B: presence of 13 et 14 kDa specific
bands which may indicate active cysticercosis (red arrow); C: positive
control; D: negative control.
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B158/B60 Ag-ELISA [27,28,31] was tested in
Madagascar on swine sera. It showed a better
performance both in terms of sensitivity and specificity
than the Antibody ELISA test for the diagnosis of swine
CC (unpublished data).

Ongoing developments of Diagnostic tools of
Cysticercosis in Madagascar

From 2012 to 2017, a multidisciplinary-research
project was conducted to improve the CC diagnosis: a
molecular LAMP-test (loop-mediated isothermal
amplification) based on the Cox-1 gene amplification
was developped at the Pasteur Institute of Madagascar
but its sensibility was bellow the RT-PCR used on-site
51% vs. 76.6%). Production of recombinant specific
glycoprotein (GP8V2, GP14 and GP18) was
implemented to improve the performance of the
available tests but also to design
immunochromatographic rapid tests [32]. A bio-guided
identification of new proteins in cysticercus fluid
enabled the Pasteur Institute team to identify 18 new
proteins of interest, nine were selected for further
development [33].

CT-scan in Madagascar

Neuroimaging with CT or MRI is the most used
method of diagnosis of NCC. Several CT-scans are
available in Madagascar. They have allowed the
characterisation of the main clinical presentations of
NCC in the country. From May 1991 to November
1993, the Diagnostic Center of Antananarivo
(Anosivavaka — Ambohimanarina district), diagnosed
135 cases of NCC: 40% of the cases had active lesions,
60% had sequelae [10]. Solitary cysticercus granuloma
in the brain parenchyma accounts for most of the cases
of NCC 5 (Figure 5). Other locations such as, meningeal
or intraventricular NCC, are rarer. CT is very sensitive
for the diagnosis of small intra-parenchymal lesions.
However, the specificity is lower in view of a broad

Table 2. Diagnosis score for neurocysticercosis as proposed by
Lesbobes et al. (1994) [10].

Criterion Value
Endemic area 1
Headache 2
Subcutaneous nodule or calcification 1
Epilepsy 4
Positive blood serology (ELISA or WB) 2
Positive CSF serology (ELISA or WB) 4
CT-Scan typical patterns 7
Major alcoholism -1
Score > 8 Suspicion of

neurocysticercosis

J Infect Dev Ctries 2020; 14(9):931-942.

Figure 5. Brain CT-scan showing a single ring enhancing lesion
related to neurocysticercosis.

of  differential
toxoplasmosis, brain tumor). In addition, some cases
may not be detected leading to false-negative CT results
[14]. CT-Scan is no more the sole method used to assess
the location in the brain of a 7. solium cyst. MRI was

range diagnosis  (tuberculoma,

implemented in 2015. Therefore, both remains
unaffordable for most Malagasy patients who live far
below the poverty line. The current price of a cerebral
CT-scan in Madagascar is about 77 USD, 1.3 times the
theoretical national minimum monthly income (59
USD). Furthermore, MRI is currently only available in
Antananarivo.

Decision Tree for the diagnosis of human cysticercosis

As stated by Garg in 2004 [34], the available
international diagnostic criteria given by Del Brutto ef
al. [2] are more suited for diagnosis of NCC in
developed countries where it is uncommon, and where
other infective conditions with similar clinical and
radiological features, like CNS tuberculosis, are equally
uncommon. Several attemps have been made in
Madagascar to help physicians properly diagnose NCC.
A first diagnostic tree was proposed in 1994 [10] by
Lesbobes et al. (Table 2). It took into account
epidemiological, clinical, imaging and laboratory data.
A score above eight enabled the physician to suspect
NCC.

Rakotomalala proposed a decision tree for
pediatricians based on the economic resources of the
patients [10]. In 2008, a collaborative work between
IPM and the Neurology Unit of the Befelatanana
Hospital published a diagnosis tree adapted to the
Malagasy population [35]. This tree was adapted with
the integration of the antigen ELISA [27,28] that was
implemented at IPM [29,36]. Its aim was to help
physicians find the cause of a first onset of seizures
taking into account not only medical patterns but also
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tests availability and financial considerations (Figure
6).

Clinical features
Epilepsy

About 90% of people with epilepsy live in
developing countries, where the prevalence of the
disease is high and the treatment gap (the ability to
institute and maintain appropriate treatment) is large.
This treatment gap was estimated to be over 92% in
Madagascar [37], partly because of the poor availability
and high cost of medication. Epilepsy is a health
concern in Madagascar in both urban and rural settings.
A recent study in the Boeny area stated that 12% of the
outpatients coming to a primary care health center for
neurological disorders had epilepsy [38]. People with
epilepsy in low-income countries often prefer to put
their trust in traditional healers rather than in modern
medical care. In Madagascar, popular attitudes towards
epileptic patient remain contradictory [39]. Christian
camps offer an alternative option for people who are not
willing or able to access medical services and,
particularly, those who view epilepsy as the
manifestation of an evil possession according to their
religious beliefs. The treatment consists of prayers and
exorcisms twice daily and the patients may be kept in
solitary confinement [40].

Neurocysticercosis is a leading cause of seizures
and epilepsy in the developing world, affecting children
and adults. Many reports described cysticercosis-
associated epilepsy in Madagascar. A case control study
has been carried out in 1997. Patients over 15 years with
late-onset epilepsy were serologicaly (blood and CSF
EITB) compared to non-epileptic controls. The
population-attributable risk of cysticercosis in late-
onset epilepsy was 22.3% for the blood seropositive
patients to 17.6% for CSF seropositive patients [41].
Another study reported 50% of serologically positive
patients out of 113 epileptic adults admitted at
Cenhosoa Hospital [10].

Pediatricians of the Cenhosoa hospital noted that
epilepsy was present in over 80% of the cases of NCC
[10]. They also encountered a few cases of
subcutaneous and NCC in children less than 2 years.
Electroencephalogram is a helpful diagnostic method in
pediatricians since it helps to exclude some differential
diagnosis, including spasmophylia [6]. The evolution of
pediatric NCC is highly variable, from complete latency
to severe encephalopathy with psychomotor regression
[42].

Tsaralalana Mothers & Children's Hospital is a
pedriatric hospital in Antananarivo. Among 1800

J Infect Dev Ctries 2020; 14(9):931-942.

children hospitalized in 1992, 108 (6%) were clinically
suspected of NCC. Among these, 28 children (25%)
were found serologicaly positive by ELISA and 9 were
confirmed by EITB. Most of the clinical features were
neurological: seizures, headache sassociated with eye
impairement [10]. Rakotomalala [10] conducted a
retrospective survey in Soavinandriana Hospital in
1991. A total of 231 epileptic children were included,
aged 6 months to 15 years with epilepsy that could not
be attributed to another cause. The seroprevalence was
48.9% (ELISA £ EITB). Signs associated with epilepsy
that increased the risk of having a positive serology
were eosinophilia and the existence of an abnormal
EEG (prevalence 62.5%, p < 0.05).

Neurocysticercosis can be considered the main
cause of secondary childhood epilepsy in Madagascar
being one of the most important foci in the world
[41,43,44].

Ocular cysticercosis

In Madagascar, occular locations of cysticercosis
are not frequent (5%) and are focused primarily in the
vitreous humour [45] and retina [10,46]. Diagnosis
relies on serology that uses ELISA and EITB to detect
circulating antibodies in the acqueous humor. Authors

Figure 6. Decision tree for the diagnosis of neurocysticercosis
in Madagascar proposed by Carod et al. [36].

Suggestive clinical symptoms:
First onset of seizures ?
' CT-Scan available ?
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highlighted the interest of surgical treatment [45]. Since
cysticercosis may, in rare cases, involve the retina,
patients should be examined for the presence of retinal
lesions before initiating therapy for neurocysticercosis.
If such lesions are visualized, the need for anticysticeral
therapy should be weighed against the possibility of
retinal damage caused by anti-helminthic-induced
changes to the retinal lesion. In Madagascar, this
recommendation is not followed.

Cutaneous cysticercosis

Cutaneous cysticercosis (CC) in humans usually
presents as asymptomatic subcutaneous nodules. It may
occur as an isolated feature or as part of disseminated
cysticercosis. Malagasy patients often ignore those
nodules, which may be associated with NCC. Clinical
examination is not specific. In a study conducted in
2006, out of 25 suspected cases, only five were
diagnosed as CC. Diagnosis was made by biopsy of
subcutaneous nodules [47] (Figure 7).

Rare localizations

Some limited cases of atypical localizations have
been described including bronchial [48], breast [49] and
renal cysticercosis as a cause of extramembranous
glomerulonephritis [50].

Prevention and policy

Taenia solium cysticercosis is a zoonosis of public
health importance in Madagascar where the disease is
endemic, with significant economic impacts on human
health and the swine industry. Several gaps remain in
the epidemiology of the parasite and the strategies of
control in developing countries. In accordance with the
government priorities and to improve the health of the
population, the Malagasy Ministry of Health and
Family Planning has defined a national policy [51]
against cysticercosis and a specific preventive program
[52]. This project followed WHO reports [53] and
action considering NCC as an eradicable disease. It
took into account all the biological and epidemiological
data available. Its general objective was to reduce by
10% the overall prevalence of cysticercosis in
Madagascar by 2015. The intermediate objectives were
to reduce by half the complications of cysticercosis and
to obtain 50% of exposed population’s compliance with
latrine use. Specific objectives have been added: to
improve the competence of 80% of all health workers
in endemic areas, to ensure the supply of anthelmintic
drugs to all health centers of the 33 endemic districts, to
develop a database management system to store and
update all epidemiological and clinical data on

J Infect Dev Ctries 2020; 14(9):931-942.

cysticercosis and to establish a multi-sectoral structure
for hygiene and sanitation promotion.

Practical actions have been taken in 2011. Their
goal was to screen a maximum number of patients in
the capital for cysticercosis [54,55]. The screening took
place at the Antananarivo University Center for Public
Health (EUSSPA). Of the 500 screened patients for
cysticercosis between December 2011 and June 2012,
353 people were found seropositive for 7. solium and
they were proposed a treatment [55]. In addition,
educational tools such as a book for children have been
developed in 2009 and medical conferences and their
respective CD recording have been distributed to
medical doctors and familly physicians throughout the
island thanks to the contribution of “Les Confréres de
Mada”: a medical association in Madagascar [36].
Audio messages on Cysticercosis are regularly
broadcasted such as the one with Pr Andriantseheno
Marcellin in early January 2010. Not to mention, the
national press releases that cover messages and events
on the topic.

One significant gap in the control of the
cysticercosis is the weak veterinary approach. The
biggest dilemma officials have to face is the
considerable corruption of meat inspectors and
veterinarians who do not condemn most of the
contaminated meat. This undestroyed meat is for them
a significant source of revenue. Minced meat
processing is one of the common ways butchers may
use in Madagascar to hide the disease in meat for sale.
In addition, Madagascar has only 300 veterinarians for
a 585,040 km? territory [56]. A multidisciplinary group
of scientists proposed an action plan to fight the disease

Figure 7. Extracted cyst from a cutaneous suspected lesion: case
of cutaneous cysticercosis.
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mostly at the veterinary level [5]. The authors invited
the authorities to implement a strategic framework to
control swine CC based on three objectives: 1. to
develop a veterinary immunochromatographic assay to
screen cysticercosis on live pigs, 2. to publish a good
practice guidance booklet on swine breeding in
Madagascar adapted to local conditions and 3. to build
a recognized quality system to sustain consumers’
confidence.

Furthermore, since human tapeworm carriers are
the source of both human and swine cysticercosis, mass
praziquantel treatment of children can reduce the
tapeworm reservoir [5,57]. More than one million
school-aged children have already been treated by
praziquantel in Madagascar between June and October
2008 (Figure 8). This was part of a WHO initiative
schistosomiasis control programme that was supported
by Merck KGaA [58]. In July 2014, WHO organized an
expert meeting on cysticercosis where Madagascar was
one of the 5 countries present that was willing to
implement a CC control/elimination program (other
countries were Brasil, China, Vietnam and Ivory Coast)
[59]. In September 2014, a multisectoral platform was
initiated by WHO at the international and national level
with the establishment of a national committee for
tackling taeniasis / cysticercosis involving human
health (Ministry of Public Health, Department of
NTDs), animal health (Ministry of Livestock) and
various research institutions (Pasteur Institute of
Madagascar and CIRAD). The question that remains is:
did this massive praziquantel administration have any
impact on the prevalence of Teniasis and Cysticercosis?
To answer this question, a pilot project was set up
between 2015 and 2017, in the district of Antanifotsy
(Highlands) to evaluate the effectiveness of a 3-round
mass treatment campaign with Praziquantel. The
general objective is to reduce the prevalence of taeniasis
to less than 1% in the targeted population. The project
includes a massive population education campaign
[60,61].

Discussion and conclusions

The World Health Organization (WHO) has listed
neurocysticercosis as one of the neglected tropical
disease. It estimates that about 50 million people
worldwide have neurocysticercosis and that it causes
about 50,000 deaths each year. This review
demonstrated the high burden of cysticercosis and
neurocysticercosis in Madagascar. Cysticercosis is
considered an eradicable disease.  Although
theoretically feasible, overall wealth, hygiene and
education level are not only very low but are even

J Infect Dev Ctries 2020; 14(9):931-942.

Figure 8. Massive praziquantel treatment amongst Malagasy
schoolchildren between June and October 2008. May it have an
impact on cysticercosis epidemiology? (From: Merck KGaA,
https://www.merckgroup.com/en).
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decreasing in Madagascar as a result of the political
instability of the previous years. Preventing the pigs
from roaming and emphasizing the systematic use of
latrines are the key factors to interrupt the parasitic life
cycle. The contribution of all sectors is required
including a substantial fight against corruption at all
levels of the chain. In addition, laboratory access for the
diagnosis is very limited throughout the island and the
sole current available option is the antibody detection in
Antananarivo, which is obviously inadequate for single
cyst carriers, which include the vast majority of patients
in Madagascar. Promising issues are the development
of an affordable and rapid antigen detection strip in
order to provide human and swine reliable point of care
or penside diagnosis access to the most remote areas of
the big island, and to assess the impact of preventive
chemotherapy with praziquantel on the epidemiology of
cysticercosis.
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