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Abstract

Mass drug administration (MDA) programs involving praziquantel are used in public
health programs to control diseases such as schistosomiasis, taeniasis caused by
Taenia solium, opisthorchiasis and clonorchiasis. Praziquantel is a systemically dis-
tributed anthelmintic drug also used to treat neurocysticercosis (NCC) caused by the
larval stages of T. solium in the central nervous system. The doses of praziquantel
used in MDA are low compared to those used for the treatment of NCC, but in people
with latent NCC (without symptoms or signs), there is a potential risk of neurologi-
cal adverse events (AE) due to the development of inflammation around the cysts
following administration. In Madagascar two large MDA campaigns aimed at T. solium
were conducted using praziquantel in the Vakinankaratra region. Prior to the first
MDA campaign, we implemented a program designed to minimize the occurrence

of neurological AE and improve their management, which included training of health
agents and community workers as well as health centres staff, population aware-
ness, post-MDA active and passive surveillance and the supply of basic medicines to
health centres. This program was repeated for the second MDA campaign. A total of
117,216 and 163,089 people were treated during the first and second MDA campaign
respectively, with 10 participants experiencing serious AE, which were successfully
managed. The beneficial results from our program in Madagascar can help other
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programs and countries using MDA with praziquantel in T. solium endemic areas to
improve the safety of these campaigns.

Author summary

Mass drug administration (MDA) with praziquantel is an important tool to com-
bat several diseases, including taeniasis caused by the adult form of Taenia
solium. The larvae of T. solium frequently infects the central nervous system

of humans, causing neurocysticercosis. Since praziquantel is active not only

on the adult form of the parasite, but also on its larval form, there are risks of
neurological adverse events (seizures or symptoms of intracranial hypertension)
if individuals who are treated for possible taeniasis, have neurocysticercosis.
These adverse events are infrequent but can be life-threatening if not managed
promptly in a correct manner. In Madagascar we set up a program to minimise
those neurological adverse events, quickly identify them if they occurred, and

to manage them appropriately. Following the implementation of this program,
two MDA campaigns were carried out. A total of 280,305 people received
treatment, with 10 experiencing neurological side effects. All cases were well
managed, and all are now in good health. Here we describe our experiences, as
we believe they can be useful to other programs using praziquantel in T. solium
endemic areas.

Introduction

Mass drug administration (MDA) programs which involve the administration of prazi-
quantel are a valuable public health tool used to control various neglected parasitic
diseases in endemic communities. Examples include schistosomiasis, taeniasis
caused by Taenia solium, opisthorchiasis and clonorchiasis. The largest of these
programs is that for schistosomiasis, which since 2006 had reached over 100 million
people by 2019 [1], and in 2021 was required in 51 countries for a total of 251.4
million people [2].

Concern has been raised about the use of praziquantel in MDA in people who
may be infected with the viable larval stages of T. solium in the central nervous
system (neurocysticercosis, NCC) [3]. This is because praziquantel is active on the
larval form of T. solium present in the brain due to its capacity to cross the blood
brain barrier [4—6], as well as being effective on adult T. solium parasites due to its
local intestinal action. Praziquantel is thus one of the two anthelminthic drugs used
to treat neurocysticercosis, after the diagnosis is confirmed by neuroimaging stud-
ies. Although NCC is a major cause of seizures and epilepsy in the communities
in which the parasite is present, NCC can remain asymptomatic for as long as 30
years [7]. While conducting MDA with praziquantel for taeniasis or other diseases in
T. solium endemic areas, people with asymptomatic NCC may receive praziquantel.
In this case, although the doses of praziquantel used for MDA (taeniasis: a single
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dose of 10mg/kg; schistosomiasis and small liver fluke programs: a single dose of 40mg/kg) are much lower than those
used for the treatment of NCC (50mg/kg/day for 10—14 days), it can nevertheless be sufficient to reach the brain caus-

ing inflammation of the cysts and neurological symptoms [6]. This situation seems to be infrequent, as millions of people
have received MDA in T. solium endemic areas [2,8,9] and only few neurological adverse events (AE) linked to NCC have
been reported. These were mainly epileptic seizures, including status epilepticus, and intracranial hypertension [10] which
may be life-threatening. Of course, under-reporting cannot be totally ruled out, not least because of the persistent stigma
attached to epilepsy in many endemic countries [11,12]. While these concerns have been raised in various fora [3,13], and
very good information is available on the safety of administering medicines for neglected tropical diseases [14], there is
limited information or detailed policies aimed to avoid these serious AE and to outline best practice for managing neuro-
logical AE should they occur.

In Madagascar, MDA with praziquantel has been used widely as part of the schistosomiasis control program and also
in a large-scale pilot for taeniasis conducted between 2015 and 2017 [15]. During December 2021, as part of a large One
Health program for the control of T. solium in the Vakinankaratra region of Madagascar, the Ministry of Health of Mada-
gascar intended to implement an MDA campaign with praziquantel. Tragically, some days before the campaign was due,
a boy in a different but nearby area died following treatment with praziquantel as part of the MDA program for schisto-
somiasis. Due to the characteristics of the clinical presentation, it was considered likely, although not confirmed, that the
event was caused by the development of an obstructive hydrocephalus linked to a latent NCC. As a result, the Ministry of
Health ceased all MDA in the country until further prevention and management activities were put in place. Partners in the
planned T. solium project, including the Ministry of Health of Madagascar and the World Health Organization (WHO), as
well as the clinicians and consultant neurologist, worked together to develop and implement a plan to prevent and mini-
mise neurological AE when using praziquantel. In this paper we describe the plan to prevent and minimise neurological
AE, and its implementation and results during two MDAs aimed at taeniasis in 2022 and 2024.

Methods
Ethics statement

Intervention and assessment protocols were designed and implemented in compliance with ethical approvals for the study
granted by the Ethics Committee for Biomedical Research of the Ministry for Public Health Madagascar No.88-MSANP/
SG/AMM/CERBM.

Diagnostic procedures were undertaken by the patient’s treating physician. Written informed consent was obtained from
the parent of the child whose CT images are included in this article.

Plan and activities to minimise neurological AE

Before starting the MDA with praziquantel, a plan was developed to reduce the risk of neurological AE related to NCC,
and to improve their management in case of occurrence with 3 objectives:

Objective 1: Prevention of neurological AE by detecting individuals with symptoms and signs compatible with NCC. This
is essential as these individuals have a clear contraindication to receive praziquantel during the MDA [3]. Praziquantel
can generate inflammation around the cerebral cysts and worsen the neurological signs [6]. To avoid this occurrence
the individuals with symptoms compatible with NCC (epileptic seizures, progressive intense headaches unresponsive
to conventional pain killers, focal deficits, decreased vision, impaired speech, and ataxia) should not receive praziquan-
tel. In addition, as the presence of cysts outside the central nervous system may be associated with NCC, people with
ocular or subcutaneous cysticercosis should not receive praziquantel either [16]. In these cases, niclosamide can be
provided as an alternative to praziquantel for taeniasis, as per the WHO guidelines for taeniasis [3]. The advantage of
niclosamide is that it is not absorbed from the gut and does not have a systemic effect.
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Objective 2: Early detection of neurological AE. This is critical because the immediate attention of patients is essential to
reduce morbidity and mortality.

Objective 3: Rapid and adequate management of neurological AE. All patients should receive adequate care with the right

medication.

To achieve these objectives, six different activities were included in the plan (Fig 1):

1. Training of community health agents (CHA) and health agents (HA): This activity was aimed at supporting

objectives 1 and 2. In Madagascar CHA are part of the community, there are typically two per fokontany (the smaller

administrative unit), and usually they provide the MDA medication. HA are staff of the Ministry of Health and act as
supervisors. We used the training of the trainers’ cascade to enable CHA and HA to:

« Distinguish symptoms and signs compatible with NCC, to identify people not eligible for MDA with praziquantel. The

WHO produced a document and a poster (Fig 2) to assist with the training [16,17].

* |dentify rapidly neurological AE. It was emphasized that NCC is a pre-existing condition in a very small proportion

of the participants, and it is not caused by the medication. This clarified that neurological AEs could not occur in all
participants, as well as avoiding unwarranted fears associated with MDA. WHO and the Ministry of Health produced
a poster (Fig 3) [18] to assist with the training.

Activities and objectives of the plan to minimise neurological adverse events

when using praziquantel in T solium endemic areas

1- Training community and
health agents

2]

Training contents:

1.1 - Detection of individuals with symptoms and signs compatible
with neurocysticercosis

1.2 - Early detection of neurological adverse events

1.3 — Use of alternative drugs (if applicable)

2- Awareness creation

‘.
S
@

-

2.1 - Use of posters in the community and distribution sites
2.2 = Meetings with community leaders
2.3 = Meetings with parents at schools

3- Use of alternative %
drugs

3.1 - If applicable, for example for taeniasis, use of niclosamide for
people not eligible for praziquantel

4- Surveillance of adverse

events _@_
2/

4.1 - Active surveillance during at least 3 days
4.2 - Passive surveillance during at least 7 days

5- Local health centers
preparedness

5.1 - Training of the staff at the local health centres on the rapid
and adequate management of neurological adverse events
5.2 — Ensure availability of basic medication

6- Regional hospital @
preparedness

6.1 — Ensure the hospital is aware of the mass drug administration
and prepared to receive patients with potential adverse events

Fig 1. Activities and objectives of the plan.

https://doi.org/10.1371/journal.pntd.0012590.9001
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« Correctly administer niclosamide. People not eligible for praziquantel would be offered niclosamide. It is very important
that niclosamide is properly chewed to ensure its efficacy. This was the first time that niclosamide was used in Madagas-
car so special training was provided, including dose calculation (adults 2g; children 10-35 Kg 1g).

2. Awareness creation: This activity was conducted to support objectives 1 and 2. Several strategies were used to cre-
ate awareness in the community of the symptoms and signs compatible with NCC, as well as the early identification of
neurological AE.

» The posters mentioned above (Figs 2 and 3) were used in each location where the drugs were administered, and the com-
munity agents worked door to door.

» Meetings were conducted with the village leaders and with parents at schools.

3. Delivery of alternative drugs: As part of the prevention activities, people who were identified with symptoms and
signs compatible with NCC were offered niclosamide instead.

SYMPTOMS AND SIGNS

compatible or associated with

NEUROCYSTICERCOSIS

Progressive Cysts in
severe headache, the eye
not relieved with .
Seizures pain killers Lumps under

the skin

People showing any of these symptoms
& signs should not receive praziquantel
without medical supervision

Fig 2. English version of the poster used for training and awareness on symptoms and signs compatible with neurocysticercosis. Source:
World Health Organization [17]: https://www.who.int/publications/m/item/WHO-UCN-NTD-VVE-2022.2.

https://doi.org/10.1371/journal.pntd.0012590.g002
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4. Surveillance: This activity was to support objective 2 and in accordance with the Pan American Health Organization
recommendations [3]. Active surveillance was conducted during and after the MDA campaigns. The MDA campaigns
lasted each 8 days; for the first five days the CHA delivered praziquantel and identified people non eligible to receive
it; the following three days, they delivered niclosamide to the people who had been identified as non-eligible for prazi-
quantel. During all this time, they were active in the community seeking to identify any potential neurological AE by
going door to door. During the following 7 days the CHA were still present in the community, attending any putative AE.

5. Local health centres preparedness: These efforts were aimed at objective 3, and included two main components:
« Training of health staff in the local health centres. They were trained in clinical and therapeutical aspects of procedures,

drugs, and case management according to the available facilities [19], when to refer the patient to hospital, and on the mes-
sages to be communicated to the patient and the family, such as the medication didn’t cause the disease, but ‘revealed it

« Provision of basic medication to the health centres. Some of the local health centres did not have the appropriate medica-
tion or supplies to deal with neurological emergencies so it was provided. The suggested drugs to be made available at all

In areas where cysticercosis
might be present

Progressive
severe headache,
not relieved with
pain killers

Go immediately to your

Of nearest health centre!

SQIZUreS el

OR

especially after
receiving
medication

At any time, but \

Any acute

neurological symptoms -
(for example dizziness,

loss of mobility or weakness

in arm or leg, loss of vision)

Fig 3. English version of the poster used for training and awareness on early detection of neurological AE. Source: World Health Organization
[18]: https://www.who.int/publications/m/item/WHO-UCN-NTD-VVE-2022.1.

https://doi.org/10.1371/journal.pntd.0012590.g003
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health centres are diazepam or midazolam as antiseizure medications, and oral/IM corticosteroids to manage inflammation
[19]. At health centres with intravenous capability, they should also include valproic acid or phenytoin (ideally both) and IV
corticosteroids [20]. In several endemic countries phenobarbital is the antiseizure medication mostly used. Its utilization
should be done with precaution due to the risk of respiratory depression.

6. Regional hospital preparedness: This action was to support objective 3. The regional hospital was made aware of
the campaign, so that they were prepared to deal with referrals.

Population included and study site

The target population were children over 5 years of age and adults of 9 communes of Betafo and Mandoto districts in

the Vakinankaratra Region of Madagascar. This area comprises 420 villages over 84 fokontany, approximately 220,000
inhabitants, and 21 primary health centres and 3 regional hospitals (1 public and 2 private hospitals) are in operation. The
region is known for its high prevalence of neurocysticercosis [21] and porcine cysticercosis [22,23].

Mass drug administration

Two MDAs were conduct, one in August 2022 and the other one in February 2024. The MDAs were implemented by the
Ministry of Public Health of Madagascar using the protocols in place for the schistosomiasis program and used in the pre-
vious pilot project for taeniasis [15]. The MDAs were organized in a hybrid way, mainly in households (i.e., door-to-door),
but also to work in synergy with the MDA program on schistosomiasis, in schools and health centres by taking advantage
of the activities planned within this framework. In brief, the CHA provided the treatment and HA of the Ministry of Public
Health acted as supervisors. During the first MDA in August 2022, children were targeted for taeniasis and schistosomia-
sis and received a dose of praziquantel of 40mg/kg while the adults received the taeniasis dose of praziquantel of 10mg/
kg. During the second MDA in February 2024, in Mandoto children and adults received praziquantel at 10mg/kg (albeit
few children received 40mg/kg), while in Betafo some children received praziquantel at 40mg/kg to target taeniasis and
schistosomiasis while the rest of children and the adults received praziquantel at 10 mg/kg. Additionally, children in Betafo
also received mebendazole (500mg) for the control of soil-transmitted helminthiases in both MDAs.

Results

The six activities aimed at the prevention, early identification and management of neurological AE were first implemented
during July 2022. The training on the prevention and early identification of neurological AE using the training of the train-
ers’ cascade model included 13 HA, and 255 CHA. Awareness campaigns for the MDA were conducted from the end of
July until the beginning of August, and also included ‘town criers’ and traditional Malagasy theatre ‘Hira Gasy’. Parallel
activities were conducted to create awareness on the symptoms and signs compatible with NCC in the community, includ-
ing discussions with parents of school children. During the MDA, when the CHA delivered praziquantel (door-to-door,
or in health centres and schools, which, when possible, also exhibited the posters from Figs 2 and 3), they were asking
questions to identify people with symptoms and signs compatible with NCC as per the training, and people not eligible to
receive praziquantel were later given niclosamide. The CHA are members of the community, and they remained ‘visible’
and accessible to the community during the surveillance period. Similar activities were conducted before the second MDA
in February 2024.

At the time of each MDA, the local health centres were ready to receive any potential neurological AE, and the regional
hospital staff were aware of the MDA process and prepared to receive any patients.

In August 2022, a total of 117,216 individuals were treated over a total of 187,490 eligible population. A total of 42,438
children and 74,163 adults received praziquantel, and 110 children and 505 adults (0.52% of the treated population)
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received niclosamide as they presented symptoms compatible with NCC/non-neurological cysticercosis. In the second
MDA, 163,089 individuals were treated over a total of 196,791 eligible population. A total of 58,773 children and 103,333
adults received praziquantel, and 235 children and 748 adults received niclosamide (0.60% of the treated population)
(Table 1). The low coverage achieved in 2022, is due to the concerns after the fatality that occurred in a nearby area
during the MDA campaign of December 2021. The higher coverage in 2024, reflects the increased confidence of the
population.

In the first MDA, August 2022, one serious neurological AE was identified, during the first day of the campaign. A
13-year-old boy from Mandoto, in the evening of the first day of MDA presented headache, which became stronger during
the night; the next day, he vomited and had seizures. The CHA brought the child and his parents to the Health Center in
Ankazomiriotra where he received appropriate care (anti-seizure medication and painkillers, as well as a check-up of his
vital signs and general condition). A computed tomography (CT) scan done a few days after the event confirmed the pres-
ence of three parenchymal NCC lesions (Fig 4): one with clear inflammatory reaction around (Fig 4a-colloidal stage), one
viable with discrete inflammatory reaction around (Fig 4b—vesicular stage), and one calcified parasite.

Under the guidance of medical experts, it was decided not to give anthelminthic treatment as all the cysts showed clear
signs of degeneration. Anti-seizure medication (valproic acid) was continued, there was no recurrence of seizures, and the
child is currently well, having a normal life. A CT scan made nine months after, showed calcification of the vesicular and
the colloidal cysts (Fig 4c and 4d). In the subsequent MDA in 2024, the boy received niclosamide.

In the second MDA, in February 2024, six people reported epileptic seizures between half an hour to 6 days after the
administration of the praziquantel (they all reported it was the first time they had experienced them), and three children
presented intense headache (Table 2). Of them, six had received praziquantel 10mg/kg, and three praziquantel 40 mg/kg
(Table 2). Adequate treatment (anti-seizure medication and painkillers) was administered, and in all the cases the symp-
toms were controlled without recidivism. Contrast enhanced CT scans were conducted 3 months after the MDA to 8 indi-
viduals; the parents of one of the children with epileptic seizures did not consent. In three of them (2 children with seizures
and one with intense headache), calcifications very suggestive of NCC were observed, associated in one of the patients
with an inflammatory granuloma. The cause of the granuloma was unclear, as it could be due to NCC or tuberculosis. The
affected boy was in good general health, his chest X-ray was normal, he had had no contact with people with tuberculosis,
and the PCR on cerebrospinal fluid was negative for tuberculosis, all of which argue in favour of a diagnosis of NCC. At
the time of writing this paper in February 2025 the boy is still receiving anti-seizure medication (phenobarbital) as when it
was attempted to stop some months previously, the seizures reappeared.

Discussion

The program described here, which sought to minimize the potential for AE following MDA with praziquantel and to identify
and manage AE, provided the government of Madagascar with sufficient confidence that the country’s ban on MDAs was
lifted, and we were permitted to proceed. More than 280,000 people were treated during two MDAs and 10 serious AE
were recorded and treated, all of whom are currently in good health.

Table 1. Number of children and adults that received praziquantel or niclosamide during the MDAs.

Year Drug Mandoto Betafo Total per drug Total per year Eligible population
Children Adults Children Adults (coverage %)
2022 Praziquantel 23,065 43,322 19,373 30,841 116,601 187,490
_ _ 117,216 62.5%
Niclosamide 81 303 29 202 615 (62.5%)
2024 Praziquantel 29,747 51,571 29,026 51,762 162,106 196,791
_ _ 163,089 82.9%
Niclosamide 92 314 143 434 983 (82.9%)

https://doi.org/10.1371/journal.pntd.0012590.t001
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Just after MDA Nine months after MDA
4c

AN d d

Fig 4. Computed tomography (CT) scan images of the boy who presented seizures after the MDA in 2022. 4a: colloidal stage, 4b: vesicular stage,
4c, d: calcifications.

https://doi.org/10.1371/journal.pntd.0012590.g004

A total of 1,598 people were identified with signs compatible with possible NCC and these people were treated with
niclosamide, among whom there were no AE. It is not possible to estimate how many, if any, AE may have been avoided
among these people who were not treated with praziquantel. The re-direction of suspect NCC cases to take niclosamide
rather than praziquantel, could potentially have avoided more serious sequalae, or even deaths.

This was the first time that an MDA for taeniasis considered a participant’s neurological symptoms and signs compat-
ible with NCC prior to treatment, leading to a discrimination between those offered niclosamide rather than praziquantel.
Praziquantel is preferred for treatment of taeniasis because it is considered to be almost always effective [24], whereas a
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Table 2. Details of the persons presenting serious adverse events during the Feb 2024 MDA. Children in Betafo also received mebendazole
(500mg) for the control of soil-transmitted helminthiases.

Age |Sex |District | Symptoms Time Prazi- Scan results
reported by onset quantel | (3 months after MDA)
community health | after MDA | dose
agents
Presenting seizures
8 M Mandoto | Seizures 2 hour 10mg/ Normal
kg
5 M Mandoto | Seizures, headache | %z hour 10mg/ NCC calcification on the right basal nuclei. Partially calcified granuloma with left
kg parietal peri-lesional oedema and contrast enhancement. NCC vs tuberculosis.
12 F Mandoto | Seizures 72 hours 40mg/ Did not consent to scan
kg
1" M Betafo Seizures, headache, | 1 day 10mg/ Normal
nausea kg
25 F Mandoto | Seizures, headache | 2 days 10mg/ Normal
kg
10 M Mandoto | Seizures 6 days 10mg/ Two NCC calcifications, one parietal and the other occipital, both on the left. No
kg contrast enhancement.
Presenting intense headache
11 F Betafo Headache, dizzi- 2h 40mg/ Normal
ness, vomits kg
12 F Betafo Intense headache, | 2h 40mg/ Normal
acute abdominal kg
pain
9 M Betafo Headache, vomits, | 7h 10mg/ Right frontal NCC calcification.
asthenia kg

https://doi.org/10.1371/journal.pntd.0012590.t002

single treatment with niclosamide leaves 30% or more of taeniasis carriers remaining in the community as sources of new
cases of neurocysticercosis [25]. With this in mind, we believe that our strategy has been the most effective in avoiding
serious AEs without losing the preventive effect targeted by the MDA. In the future, other potential developments such as
a reliable point-of-care tests to detect active NCC, might help to improve and refine this strategy.

The percentage of the population that were selected to receive niclosamide, was similar during the two MDA programs
(0.58% of all treatments, 0.52% during the first MDA, and 0.6% during the second MDA). This is useful information for
planning the niclosamide needs for future campaigns. While it is not possible to know the effectiveness of this measure,
having this as an option is of importance for future MDAs.

Although MDA with praziquantel is safe for the vast majority of individuals, serious neurological AE can occur when
asymptomatic T. solium cysts are located in the central nervous system. Due to the absence of symptoms, the exact prev-
alence of asymptomatic NCC is unknown, but is probably high given the latency of several years between infection and
symptoms [7,26—-28]. As endemicity of T. solium is clearly linked to poverty (the T. solium life cycle requires traditional pig
farming with roaming pigs, open defecation and inadequate sanitation), health systems in endemic areas are often precar-
ious. Although MDAs have usually been implemented with all the necessary precautions and information, a standardized
program to reduce the risk of neurological AE and improve their management in T. solium endemic areas was lacking.

One of the strengths of the program we developed, is its potential applicability to other endemic regions. The program
included specific posters that were designed and distributed to clearly present the contraindications of praziquantel, as
well as the signs/symptoms that should lead patients to be transferred to a health centre. These posters were used both
during training sessions and for community awareness-raising. They have been translated into several languages by
WHO and made available to organizations/governments interested in implementing MDA with praziquantel in T. solium
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endemic areas. On the other hand, basic medications were supplied to the health centres, enabling adequate manage-
ment of any neurological AE, which were mainly epileptic seizures and intracranial hypertension. The main drugs were
corticoids and various anticonvulsants, and health centre staff were trained in their use.

Nine CT scans were carried out in patients with SAEs (one in 2022 and 8 in 2024); 4 of these (44.4%) showed images
compatible with NCC. All the cysts were calcified, with the exception of the patient diagnosed in 2022 (Fig 4), and of one
of the patients diagnosed in 2024 who, in addition to one calcified lesion, presented an inflammatory granuloma, highly
suspicious of NCC. It is relevant to note that in 2022 CT scan was done quickly after the seizure in the local CT scan
device at the regional hospital. Contrarily, and unfortunately, in 2024 due to the local CT scan breaking, the patients had to
be taken to the capital for the CT scans, that were done 3 months after the symptoms. These three CT scans evidenced
calcified lesions in all, associated in one of the patients with an inflammatory granuloma. The higher proportion of calcified
NCC cysts when CT scans, as in 2024, were performed longer after symptoms is consistent with the evolution of NCC
cysts. Indeed, it is reasonable to assume that the symptoms were due to inflammation around the NCC cysts after prazi-
quantel administration. Then, the process of cyst degeneration probably lasted a few weeks, ending with their calcification,
which was the lesion visible on the CT scans.

It is interesting to note that the age range of the patients with neurological AE was 5-25 years of age, and the age
range for the patients in which NCC was confirmed was 5-13 years of age. No adults were identified. The difference in
frequency of neurological AEs between adults and children could be explained by the increased susceptibility of children,
compared to adults, to develop seizures [29] as well as to the known increase in children’s reactivity against cysticerci,
demonstrated by the high frequency of degenerating cysts in this age group [30].

Of the 4 NCC confirmed cases, 3 were from Mandoto (1 during the first MDA, and 2 during the second MDA), and 1
from Betafo (the area in which mebendazole was also given to children). There is very limited information about the safe
use of praziquantel simultaneously with mebendazole in T. solium endemic areas, and we hope the information provided
here, contributes to build that knowledge.

The presence of T. solium in Madagascar is well known [21,22,31], and it has one of the highest rates of porcine cystic-
ercosis infection ever reported [23]. However, as CT scanning remains unaffordable and inaccessible for most Malagasy
patients, information regarding neurocysticercosis cases is infrequent. Unfortunately, we are not in a position to know
how many AE were prevented thanks to the implementation of our program. But the results of the CT scans (four out of
nine (44.4%) revealed the presence of NCC) confirmed the high transmission of T. solium in the region and suggest that
the number could have been much higher if the program had not been implemented. The high T. solium endemicity in
the area, and the awareness and sensitisation campaigns that encouraged people to come forward with adverse events,
might help to explain the numbers of AE identified during the MDAs campaigns.

Our experience demonstrated the importance to have a plan, before MDA with praziquantel is implemented in an area
likely to be endemic for T. solium, for the confirmation and follow-up of any potential NCC cases identified. CT-scans are
necessary in these cases and are often not readily available in regions where MDA is performed. This must be taken into
account in MDA planning, not least for the cost it may represent.

An additional benefit of the MDAs described here was that during its implementation, several people who suffered
epilepsy but were not receiving antiseizure medication approached the HA and enquired about treatment. We believe that
the awareness and the sensitisation campaigns assisted in encouraging people to request medical assistance to manage
their condition. Indeed, epilepsy is still stigmatized in many countries, and the program was able to contribute to a better
perception of what this illness really is.

During our MDA with praziquantel not all cases of neurological AE could be avoided, nevertheless we ensured that at
the best of our knowledge and capabilities, those were minimised, and the necessary actions were taken to provide ade-
quate care and minimise fatalities. MDA with praziquantel is a key tool to control several neglected diseases specially in
children, so it is important to continue its implementation for the benefits for many while minimizing the risks [3]. We hope
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that the policies and procedures developed by this group, and the lessons from Madagascar can help other programs and
countries using MDA with praziquantel in T. solium endemic areas, and that affected communities will benefit.
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