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Abstract

Purpose Neurocysticercosis is common in regions endemic for Taenia solium. Active-stage neurocysticercosis can be treated
with antiparasitic medication, but so far no study on efficacy and safety has been conducted in Africa.

Methods We conducted a prospective cohort study on treatment of neurocysticercosis in Tanzania between August 2018
and January 2022. Patients were initially treated with albendazole (15 mg/kg/d) for 10 days and followed up for 6 months.
Additionally in July 2021, all participants who then still had cysts were offered a combination therapy consisting of alben-
dazole (15 mg/kg/d) and praziquantel (50 mg/kg/d). Antiparasitic treatment was accompanied by corticosteroid medication
and anti-seizure medication if the patient had experienced epileptic seizures before treatment.

Results Sixty-three patients were recruited for this study, of whom 17 had a complete follow-up after albendazole mono-
therapy. These patients had a total of 138 cysts at baseline, of which 58 (42%) had disappeared or calcified by the end of
follow-up. The median cyst reduction was 40% (interquartile range 11-63%). Frequency of epileptic seizures reduced
considerably (p <0.001). Three patients had all active cysts resolved or calcified and of the remaining 14, eight received
the combination therapy which resolved 63 of 66 cysts (95%). Adverse events were infrequent and mild to moderate during
both treatment cycles.

Conclusion Cyst resolution was unsatisfactory with albendazole monotherapy but was very high when it was followed by a
combination of albendazole and praziquantel.

Keywords Tuenia solium - Neurocysticercosis - Neglected tropical diseases - Antiparasitic medication - Albendazole -
Praziquantel

Introduction only neurological sign/symptom. Severe headache or focal

neurological deficits are other common neurological signs/

Neurocysticercosis (NCC), caused by larvae of the zoonotic
tapeworm Taenia solium, is common in people with epilepsy
in low-income and middle-income countries where sanita-
tion is poor and pigs roam in search for food [1-3]. Stud-
ies have shown that in areas highly endemic for T. solium,
around 30% of people with epilepsy suffer from NCC, with
wide variation even between communities in the same area
[4-9]. Epileptic seizures are the most common, but not the
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symptoms of NCC [10, 11].

NCC lesions go through a cycle of four different stages
vesicular, colloidal, granular-nodular and nodular-calcified
stage [12]. The first three are active stages (viable stage:
vesicular lesions; degenerating stage: colloidal and gran-
ular-nodular lesions), while the nodular-calcified stage is
considered as inactive. Patients are mostly symptomatic in
the degenerating (colloidal and the granular-nodular) stage
but can also be or become symptomatic in the other stages
[13-15].

NCC lesions may naturally evolve through the above
stages and eventually calcify or disappear without calcifi-
cation; a process that can take several years which can be
sped up by antiparasitic medication. In general, treatment
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recommendations for NCC depend on the stage, number and
the location of lesions, i.e., whether they are in the brain
parenchyma or in the extraparenchymal space. Currently,
two sets of NCC management guidelines are in place—one
by the World Health Organization (WHO) and one by the
Infectious Diseases Society of America (IDSA) together
with the American Society of Tropical Medicine and
Hygiene (ASTMH). Although both guidelines are similar,
they differ in some aspects [16, 17]. For extraparenchymal
NCC, the IDSA/ASTMH guidelines recommend removal
of the cysts by minimally invasive neurosurgical endoscopy
if lesions are intraventricular, and antiparasitic treatment if
cysts are located in the subarachnoid space (basal cisterns or
Sylvian fissure) [17]. The WHO guidelines do not make any
recommendations for treatment of extraparenchymal NCC
[16]. For parenchymal NCC, the WHO guidelines recom-
mend albendazole or praziquantel monotherapy depending
on availability of drugs [16]. IDSA/ASTMH recommend
two different antiparasitic treatment regimens depending on
the number of lesions. For patients with one or two active
lesions, albendazole (15 mg/kg/d) monotherapy is recom-
mended for 10 to 14 days, accompanied by corticoster-
oid medication and, if necessary, anti-seizure medication
(ASM). For patients with more than two lesions, a combina-
tion therapy of albendazole (15 mg/kg/d) and praziquantel
(50 mg/kg/d) is recommended, in addition to corticosteroids
and ASM. These recommendations are primarily based on
results from two clinical trials by the Cysticercosis Work-
ing Group in Peru, and expert opinions [18, 19]. In both
trials, significantly better efficacy of combination therapy
compared with albendazole monotherapy in terms of cyst
resolution was found only in patients with more than two
active-stage lesions. Whilst there was only one further study
assessing combination therapy for paediatric NCC [20],
experts confirmed the superiority of combination therapy
from their treatment of patients outside research settings
[21-26]. For albendazole monotherapy, a recent meta-anal-
ysis reported resolution of all cysts in 41% (95%CI 36-47%)
of patients and a cyst degeneration of 81% (95%CI 70-94%)
[27].

So far, no study on antiparasitic therapy in patients with
NCC has been conducted in sub-Saharan Africa. Therefore,
we aimed to conduct the first sub-Saharan African study on
treatment efficacy and safety of albendazole monotherapy
and albendazole and praziquantel combination therapy in
patients with active, symptomatic NCC; cyst resolution at
imaging represented the primary outcome and reduction
of symptom frequency the secondary outcome. We also
assessed the feasibility of anti-parasitic treatment in patients
with NCC in a rural African setting.
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Methods
Patient recruitment and eligibility criteria

We conducted a prospective cohort study of patients with
active NCC in rural southern Tanzania consisting of two
parts: the albendazole monotherapy treatment study within
the SOLID project and the albendazole and praziquantel
combination therapy treatment study TOPANA. For the
albendazole monotherapy treatment study patients were
recruited through the SOLID project from three district
hospitals (Ifisi, Tukuyu and Vwawa) between August 2018
and April 2020. These district hospitals were chosen because
they are in areas endemic for 7. solium and because the infra-
structure around Mbeya city, in particular the laboratory
facilities, were well suited for the study requirements. The
SOLID project aimed at assessing a novel point-of-care test
for the diagnosis of T. solium taeniasis and (neuro)cysticer-
cosis. The protocol of the SOLID project has been published
elsewhere [28]. NCC diagnosis was made following the lat-
est Del Brutto criteria, by a combination of neuroimaging
(computed tomography [CT]) and laboratory testing (Anti-
gen ELISA, LLGP-EITB, and rT24H-EITB) [29]. CT scans
were interpreted by two independent readers (CR, neuro-
radiologist; AF, clinical expert for NCC). In case of disa-
greement, a third reviewer (ASW, consultant neurologist)
adjudicated the case. The number of cysts (with and without
scolex), stage (vesicular, colloidal-vesicular, granular-nodu-
lar and calcified) and location of lesions (intraparenchymal
or extraparenchymal) were assessed. All patients with at
least one NCC lesion in the vesicular stage were eligible for
the treatment study within the SOLID project. Symptomatic
patients and patients without contraindications for antipara-
sitic treatment, were eligible for treatment with albendazole
monotherapy. All other patients (i.e., asymptomatic patients,
patients with contraindications for treatment and patients
who refused treatment) underwent follow-up within clinical
routine care without antiparasitic treatment.
“Symptomatic” was defined as ever having had epileptic
seizures or severe progressive headache. Severe progressive
headache was defined as a severe headache that interferes
with the patient’s daily activities and that gets progressively
worse over time. The definition of epilepsy and severe pro-
gressive headache was made by the neurologists/general
medical doctors within the team (DS, CM, AF, GZ, BIN,
ASW) according to current research standards. Asymp-
tomatic patients (i.e., patients not eligible for treatment),
patients with contraindications for treatment or patients who
refused treatment were also included and were followed-up
without treatment to assess the natural course of disease.



Efficacy and safety of antiparasitic therapy for neurocysticercosis in rural Tanzania: a... 1129

Treatment: albendazole monotherapy

The initial antiparasitic treatment was albendazole 15 mg/
kg/d (up to 1200 mg/d in two doses) for 10 days accompa-
nied by oral corticosteroid therapy (dexamethasone 12 mg/d
in one dose if less than 10 cysts, otherwise 20 mg/day in
one dose; the higher dose was chosen for patient safety
reasons) to suppress inflammation caused by degenerating
cysts in the brain and the resulting inflammatory response.
Corticosteroid therapy started one day prior to albendazole
therapy with a single loading dose of 16 mg. After the end of
albendazole treatment, dexamethasone therapy was tapered
for 3 days with half the dosage per day. Also, all patients
with epileptic seizures were continued on ASM. If neces-
sary, ASM was optimized before therapy to control epileptic
seizures. Patients who still had active NCC lesions after the
re-evaluation in July 2021 were treated with a combina-
tion of albendazole (15 mg/kg/d) and praziquantel (50 mg/
kg/d) for 10 days. Based on the experience from the first
treatment round (albendazole monotherapy) with only few
adverse events and good tolerability of medication, 12 mg
dexamethasone was given to every patient irrespective of
the number of active NCC lesions. Alike albendazole mono-
therapy, all patients with seizures were continued on ASM
which was optimized before therapy, if necessary.

Before treatment initiation, patients were tested for HIV
(blood), tuberculosis (sputum), Strongyloides spp. infec-
tions (faeces) and underwent fundoscopy for the exclusion
of ocular NCC according to the recommendations by IDSA/
ASTMH [17]. Furthermore, patients were examined (gen-
eral medical examination and neurological examination) to
exclude contraindications for treatment. Medication was
handed out to the patient every day by trained nursing staff
and intake was directly observed. First, only albendazole
and dexamethasone were handed out by the nursing staff,
and patients were told to take their ASM as usual. How-
ever, since one of the first treated patients had two epilep-
tic seizures during hospitalisation because of not having
taken their ASM, ASM was subsequently also prepared and
handed out by the nursing staff. Patients were hospitalised
for the entire treatment cycle, but if patients wanted to leave
after day 7 of the treatment cycle, they had to sign a docu-
ment stating that they left against medical advice; these
patients had to come to the hospital every day to pick up
their medication and intake thereof was observed. Blood
glucose level and blood pressure were measured every day
and any adverse events of treatment were recorded.

Follow-up of patients receiving albendazole
monotherapy

Patients who were treated with antiparasitic medication
were followed up 6 weeks and 6 months after treatment ter-
mination. Due to the COVID-19 pandemic, follow-up was
interrupted in March 2020. Hence, in July 2021, all patients
treated with albendazole monotherapy were invited for an
additional follow-up visit including CT scanning. This fol-
low-up period lasted on average 28 months after the comple-
tion of the initial treatment (range 16—35 months). At each
follow-up visit, adverse events of therapy, occurrence of epi-
leptic seizures or severe headache episodes were recorded,
patients were examined, and CT scanning (+ contrast) was
conducted.

Recruitment, eligibility, follow-up and treatment
of patients with combination therapy

Patients who still had vesicular NCC lesions at the July 2021
evaluation were offered a second treatment cycle within an
observational study called TOPANA, in which the effi-
cacy of a combination of albendazole and praziquantel was
evaluated. The combination therapy consisted of albenda-
zole (15 mg/kg/d) and praziquantel (50 mg/kg/d). Patients
receiving the combination therapy were followed up 6 weeks
and 6 months after treatment termination and had the same
evaluations as in the SOLID project. Patients receiving com-
bination therapy were also asked to answer two quality of
life questionnaires (see details below).

Outcomes

The primary outcome of this study was the resolution of
cysts which was defined as complete disappearance of cysts
or as calcification of lesions at long-term follow-up. Long-
term follow-up was defined as either 6-month follow-up,
or the follow-up conducted in July 2021. This combination
was chosen because some patients had their regular 6-month
follow-up before the study interruption and others only had
the follow-up in July 2021. For patients (n =7) present at
both timepoints, the July 2021 follow-up was used. Three
patients were only present at the July 2021 follow-up but did
not have a regular 6-month follow-up; seven patients only
had a regular 6-month follow-up and were not present at the
July 2021 follow-up. The secondary outcomes were reduc-
tion of symptoms associated with NCC, defined as reduction
of the number of epileptic seizures per year and reduction of
the number of episodes of severe progressive headache. For
the number of epileptic seizures per year, the frequency was
extrapolated by multiplying the frequency per week with 52,
the frequency per month with 12 or the number of seizures
during 6 months of follow-up by 2.
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For the treatment round with combination therapy, the
secondary outcome was the change in quality of life between
baseline and at the 6-month follow-up. Two questionnaires
were used: the QOLIE-31 and the WHOQOL-BREF ques-
tionnaire. Both questionnaires are well validated and have
been published elsewhere [30, 31]. They were first trans-
lated into Kiswahili and then back-translated to English by
native Kiswahili speakers. The QOLIE-31 is a short version
of the QOLIE-89 and assesses epilepsy-specific quality of
life with 31 questions; one question is a general question on
quality of life and the remaining 30 questions are summa-
rised into the following seven sub-categories (each ranges
from O to 100) which are combined to an overall score that
ranges from 0 to 100: seizure worry (5 questions), overall
quality of life (2 questions), emotional well-being (5 ques-
tions), energy/fatigue (4 questions), cognitive function (6
questions), medication effect (3 questions) and social func-
tion (5 questions). The WHOQOL-BREEF is a short version
of the WHOQOL-100 and consists of 26 questions which
are grouped into four categories of quality of life: physical
health, psychological health, social relationships, and envi-
ronment. The categories are not epilepsy specific. The scores
of each category range from 4 to 20.

Statistical analyses

The study followed a convenience sampling of all con-
secutive patients with active, symptomatic NCC recruited
through the SOLID project. The sample size was determined
for the main objective of the SOLID project and the assump-
tions can be found in the published protocol [28]. Descrip-
tive statistics of number, location and stage of lesions were
reported at baseline, and at long-term follow-up for patients
treated and not treated with antiparasitic medication. Fur-
thermore, these statistics were also reported at 6-week and
6-month follow-up for the subset of patients who were pre-
sent at all follow-up timepoints. The medians and interquar-
tile ranges of the change in the number of lesions by loca-
tion and the change in frequency of epileptic seizures were
reported (from baseline to 6-week, 6-month, and long-term
follow-up). Furthermore, these changes were compared from
baseline to long-term follow-up using paired Wilcoxon tests.
Changes in quality-of-life scores from baseline to 6 months
after treatment with combination therapy were assessed
using paired Wilcoxon test. We report descriptive statis-
tics but refrained from statistical testing of comparisons
between treated and not treated patients because patients
were not randomised to treatment but were selected based
on symptoms and (contra-)indications for antiparasitic treat-
ment. We did not run statistical tests either for differences
in the efficacy of albendazole monotherapy and combina-
tion therapy because all patients treated with combination
therapy had received albendazole monotherapy before (even
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though it was at least 16 months [mean 28 months] before).
The change from baseline to 6 weeks and to 6 months after
treatment was analysed for the subset of people with all fol-
low-up timepoints available. Only patients with long-term
follow-up were included in the analysis. A type I error of 5%
was used as a threshold for statistical significance.

Ethical considerations

All patients were informed about all parts of the two treat-
ment studies, the treatment study within the SOLID project
and the TOPANA treatment study (see Methods), and signed
an informed consent before inclusion. The patients who
were included in both the SOLID project and the TOPANA
study signed a separate informed consent of each of the two
treatment studies. Both treatment studies received ethical
approval by the Klinikum rechts der Isar (Technical Univer-
sity of Munich, Germany) Ethical Committee (299/18S for
albendazole monotherapy within the SOLID project; 33/19S
for combination therapy within the TOPANA study), by the
National Ethics Health Research Committee (NatREC) of
Tanzania (NIMR/HQ/R.8a/Vol.1X/2597 for SOLID and
NIMR/HQ/R.8¢/Vol.1/1808 for TOPANA), by the Ethics
Committee of the Institute of Tropical Medicine, Antwerp,
Belgium (IRB/AB/ac/112 Ref 1177/17) and that of the Uni-
versity of Antwerp, Belgium (EC UZA 17/31/352), both
for the SOLID project. The SOLID project including the
treatment of symptomatic NCC patients with albendazole
monotherapy was registered in the Pan African Trials Reg-
istry (PACTR201712002788898). The TOPANA study for
the treatment of symptomatic NCC patients with albenda-
zole and praziquantel combination therapy was registered on
ClinicalTrials.gov (Identifier: NCT03834337). The reporting
of this current study, consisting of the two treatment studies
as described above (see Methods), followed the STROBE
Statement (see Supplement).

Results
Target and study population

Overall, 63 patients were diagnosed with NCC between
August 2018 and April 2020 in the SOLID project (Fig. 1).
Thirty-five of these people had at least one vesicular stage
lesion, of whom 33 were symptomatic. Nine patients were
not eligible for antiparasitic treatment because of the
large number of lesions (range 28-83, n =8) or because
lesions were in critical areas (i.e., in the fourth ventricle,
n=1), putting them at high risk of severe adverse events,
leaving 24 eligible for treatment. Twenty-three patients
received antiparasitic treatment since one eligible patient
refused it. Asymptomatic patients (n=2), patients with
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Patients with neurocysticercosis within the SOLID project
N=63

Patients with only calcified lesions
N=28

A 4

Patients with at least one active stage lesion

N=35
Patients with symptoms Patients without symptoms
N=33 — N=2
Contraindications for
l—» treatment N
N=9,
Patients eligible for treatment
N=24
Refused treatment
~ s l—’ N=1
m Patients treated with albendazole A 4
N=23 Patients eligible for follow-up
Lost to follow-up without antiparasitic
N=6 treatment
Patients with complete follow-up s
after albendazole monotherapy -
N=17
— SeLl
S— - Complete cyst resolution (N=3)
- Lost to follow-up (N=6)
Lost to follow-up
N=5
L0
TOPANA ¥ — 2
2 Patients not treated with
antiparasitic medication with
complete follow-up
N=7
__ - Asymptomatic patients (N=1)
- Patients with contraindications
for treatment (N=6)

Fig. 1 Flowchart of the study. | Eight patients with large number of lesions, one patient with lesion in the fourth ventricle

contraindications for treatment (n=9) or patients who
refused treatment (n = 1) were eligible for follow-up with-
out antiparasitic treatment (Fig. 1). Seventeen of the 23
treated patients and seven of 12 patients not treated with
antiparasitic medication had a long-term follow-up and were
included in the analyses. The others were excluded from the
analysis. The characteristics of included patients are sum-
marized in Table 1.

Characteristics of the seventeen included patients
who received antiparasitic treatment

The median age of treated patients was 42 years (inter-
quartile range [IQR] 32-55 years); eleven (65%) were
male, and all but one (94%) were smallholder farmers.
On average, patients had 8.1 active-stage lesions (median
5; IQR 1 to 11); five patients had only one single active-
stage lesion. Overall, these patients had 138 active lesions,

of which 39 (29%) were located in the extraparenchymal
space (all in the subarachnoid space and sulci around the
cortex; none in the ventricles or basal cisterns), and 99
(71%) in the brain parenchyma. Ninety-six lesions con-
tained a scolex and a total of 258 (median 14; IQR 8 to 20)
calcifications were seen on the CT scans (Tables 1 and 2).

Sixteen of the 17 treated patients had been suffering
from epileptic seizures for a median of 13 years. All
patients had epileptic seizures with generalisation, 15
(94%) with unilateral onset and with a median number
of four seizures per year; all were on ASM. Six patients
reported frequent headache episodes, most commonly with
a strength of 3 on a scale from 0 (no pain) to 5 (worst pain
imaginable).
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Table 1 Baseline characteristics
of included patients with

Treatment group-albendazole Non-treatment

active symptomatic NCC who monotherapy (%) group (%)
were treated with albendazole Number 17 7
monotherapy or not treated
with antiparasitic medication Sex
between August 2018 and April Female 6 (35) 3(43)
2020, Tanzania Male 11 (65) 4(57)
Age
Median [IQR] 42 [32-55] 50 [37.5-53.5]
Range 27-68 26-60
Occupation
Smallholder farmer 16 (94) 5(71)
Other 1(6) 2(29)
Recruitment
Ifisi 1 (6) 1(14)
Tukuyu 6 (35) 0(0)
Vwawa 10 (59) 6 (86)
Headache 6 (35) 3(43)
Seizures 16 (94) 6 (86)
Age of onset of seizures
Median [IQR] 28 [21.3-38.3] 43.5 [40-47]
Time since onset of seizures
Median [IQR] 13 [7.3-23] 7 [3-8.8]
Anti-seizure medication 16/16 (100) 2/6 (33)
Onset of seizures
Focal 15 (94) 4.(67)
Generalised 1(6) 2 (33)
Anti-seizure medication type
Phenobarbitone 4 (25) 0
Carbamazepine 1(6) 0
Phenytoin 1(6) 0
Phenobarbitone 4+ Carbamazepine 9 (56) 1(50)
Phenobarbitone + Phenytoin 1(6) 1(50)
Seizure frequency
Daily to weekly 0 0
Weekly to monthly 530D 0
Monthly to yearly 6 (38) 5(83)
Less than yearly 5@31) 1(17)
Median per year 410.5-12] 2.5[0.84]

IOR interquartile range

Characteristics of eligible patients who did
not receive antiparasitic treatment

Seven patients were not treated with antiparasitic medication
and were only followed up. These patients were in the median
50 years old (IQR 37.5-53.5 years), four were male (57%)
and five were smallholder farmers (71%). These patients had
in total 183 and on average 26.4 active-stage lesions (median
20; IQR 9-47), 19 in the parenchyma (median 11; IQR 7-31.5)
and 7.4 in the extraparenchymal space (cortical sulci, median
11, IQR 2-11.5). Six of the not treated patients had epileptic
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seizures (in the median for 7 years) and two were on ASM
(Table 1 and STable 1).

Follow-up of patients treated and not treated
with albendazole monotherapy

At long-term follow-up, 58/138 (42%) and 3/183 (2%) of
cysts had resolved in patients treated with albendazole mon-
otherapy and not treated, respectively. The median reduction
in the number of active cysts per patient was 40% (interquar-
tile range 11% to 63%) in patients who were treated and 0%
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Table 2 Cyst resolution at baseline and long-term follow-up in patients receiving albendazole monotherapy

Baseline N=17 Long-term follow-up N=17 Lesion reduction

Sum  Median [IQR] Mean Sum Median [IQR] Mean Median (IQR) p value (Wilcox)
Total active lesions 138 5[1-11] 8.1 80 3 [1-6] 4.7 40% (11-63%) 0.14
Active parenchymal lesions 99 3[1-6] 5.8 58 1[1-3] 3.4 25% (0-45%) 0.36
Active extraparenchymal lesions 39 1[0-4] 2.3 22 0[0-2] 1.3 50% (24-100%) 0.28
Number of cysts with scolex 96 411-5] 5.6 62 1[0-5] 3.6 45% (13-100%) 0.23
Calcifications 258 14 [8-20] 15.2 260 17 [8-20] 153 0% (0-0%) 0.92
NCC with active lesions 17 14
Epileptic seizures 16 4v
Median [IQR] per year® 410.5-12] 0[0-1] 100% (50-100%) <0.001

*Extrapolated

"Number of patients who had epileptic seizures during follow-up

(interquartile range 0—4%, Table 2 and Fig. 2A) in patients
who were not treated (S Table 1). At long-term follow-up
all lesions had resolved in two of five (40%) treated patients
with single lesions, and one of twelve (8%) patients with
more than one vesicular lesion. Medians of 25% and 50%
of parenchymal and extraparenchymal lesions resolved dur-
ing the long-term follow-up period, respectively. The eleven
patients who were present at the 6-week and 6-month follow-
up had a cyst resolution of 28/78 (36%) cysts after 6 weeks,
and 32/78 (41%) after 6 months (Fig. 2B, S Table 2, and S
Fig. 1). Seven patients were present at a 6-month follow-up
and the follow-up in July 2021; four of them did not have a
change in the number of active lesions, and three patients
had one cyst resolved in total. Overall, the median frequency
of epileptic seizures reduced from 4 [IQR 0.5-12] before to
0 [IQR 0-1] per year (p <0.001) after albendazole mono-
therapy and only four patients experienced epileptic seizures
during follow-up.

Follow-up of patients treated with combination
therapy

Eight patients received treatment with combination therapy
in July 2021 after re-evaluation. These patients showed a
median cyst resolution of 41% (interquartile range 20-45%;
overall resolution of 35/101 active lesions) at long-term
follow-up after receiving albendazole monotherapy. After
treatment with the combination therapy at 6-week follow-up,
61/66 lesions (92%) had resolved and at 6-month follow-up,
63/66 lesions (95%) had resolved. Six out of eight patients
had no active lesions anymore (Fig. 2A-C, S Fig. 1 and S
Table 3). The overall epilepsy-specific quality of life meas-
ured by the QOLIE-31 increased from a median score of 87
(IQR 80-89) to a score of 95 (IQR 93-95; p=0.02; Fig. 3
and S Table 4). An increase in quality of life was observed
in all sub-categories of the QOLIE-31 (apart from medica-
tion effects and social function which were 100 already at

baseline). The category with the lowest baseline score was
energy/fatigue (75 points, IQR 71-80); for this category, and
also for seizure worry and cognitive function large increases
of more than ten points were observed. An increase was also
observed in all four WHOQOL-BREEF categories, but only
psychological health, social relationships and environment
were statistically significant.

Safety and adverse events with albendazole
monotherapy and combination therapy

With albendazole monotherapy, one patient with epilepsy
had two epileptic seizures within 2 h on day 5 of the treat-
ment cycle. None of the patients had headache during
therapy and no other local or systemic adverse events were
observed. Blood pressure and fasting blood glucose levels
remained stable within normal range throughout the treat-
ment cycle. Of the eight patients who received treatment
with a combination of albendazole and praziquantel, three
reported a headache episode, which in one patient lasted
for 3 days. Alike albendazole monotherapy, blood pressure
and fasting blood glucose levels remained stable and mainly
within the normal range throughout the treatment cycle (S
Figs. 2 and 3).

Discussion

This is the first study on systematic antiparasitic treatment in
people with active symptomatic NCC in sub-Saharan Africa.
In Tanzanian patients, we found cyst resolution with alben-
dazole monotherapy to be slightly lower than previously
reported in studies of Latin American and South-East Asian
populations [27]. However, in most patients who received
albendazole monotherapy, not all vesicular cysts resolved.
Subsequent combination therapy of albendazole and prazi-
quantel, on the other hand, rendered nearly all patients
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tion therapy. They are a subset of the 17 patients on the left. B Cyst
resolution in the seventeen patients treated with albendazole mono-
therapy. C Cyst resolution in the eight patients treated with combina-
tion therapy
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vesicular cyst-free. Of note, most cysts had been resolved
within 6 weeks after the combination therapy. Patients who
received either single or combination therapy also reported
fewer epileptic seizures after therapy. Quality of life, espe-
cially in terms of energy and fatigue, improved after com-
bination therapy.

In our study, treatment was safe and there were hardly
any adverse events apart from mild to moderate headache,
which resolved with anti-inflammatory medication. In the
trial in Peru, severe adverse events were also reported to be
rare [18]. However, it is important to point out that our study
was conducted under strict research conditions and treatment
was supervised by a study team on site (with a neurology
consultant stand-by). This situation is not comparable to
the current treatment situation in rural sub-Saharan Africa,
where there are very few trained specialists. This needs to be
considered when recommending treatment regimens for this
region. It should be noted that although adverse events seem
to be rare, they can be severe and potentially lethal. Hence,
close supervision is crucial to detect clinical deterioration
as early as possible. We, therefore, recommend that patients
should be hospitalised throughout the entire treatment cycle,
arequirement that is hard to meet under local circumstances,
as people are usually only admitted to hospital for severe
illness. Also, family members usually accompany patients
and take care of them during their admission. Therefore,
hospitalisation has a major financial and social impact on
the patient’s family, and it is unlikely that patients can be
motivated to stay in a ward only for safety of treatment.

In our study, treatment was generally well tolerated. Only
one patient had epileptic seizures during therapy, because he
had not taken his ASM. As this patient was among the first
four patients treated, after the incident, ASM was given to

all patients and intake was also observed. There were also
no metabolic side effects of the treatment, as expected. With
combination therapy, mild to moderate headache was a fairly
common adverse event. Although this is a known common
side effect of praziquantel, we paid particular attention to it
as it may reflect increased intracranial pressure due to focal
or generalised cerebral oedema or hydrocephalus in the light
of a potentially more severe inflammatory process during
combination therapy. Magnetic resonance imaging (MRI)
was also not available, so there was the risk of undetected
intraventricular cysts that could block cerebrospinal fluid
circulation and be life-threatening. We, therefore, observed
these patients closely and performed fundoscopy to detect
signs of increased cranial pressure. When treating patients
for active symptomatic NCC in sub-Saharan Africa, a num-
ber of factors need to be taken into account, especially if
only CT and no MRI is available. First, there are hardly any
intensive care units and there is only limited access to rel-
evant monitoring devices; second, staff is often not trained
in the management of neurological emergencies; and third,
treatment options are limited. Overall, clinical monitoring
of patients in rural areas of LMIC is challenging.

Another issue to consider when treating people with
active symptomatic NCC in sub-Saharan Africa is co-mor-
bidity with HIV/AIDS. In our study, none of the patients
was living with HIV, but treatment effect and side effects
may be different in people living with HIV. Especially in
sub-Saharan Africa, an HIV test should be performed before
treatment, as the efficacy of antiparasitic medication may be
altered due to a compromised immune response. Similarly,
corticosteroid medication may also impact antiparasitic effi-
cacy, blood pressure and blood glucose levels, which are less
stable in people living with HIV [32, 33].
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To date, only two studies have assessed the effect of
combination therapy on active symptomatic NCC in adults
[18, 19]. Both trials were conducted in Peru, but experts
from other parts of the world have confirmed the superior
effect of combination therapy in their daily routine [20-26].
IDSA/ASTMH recommend combination therapy for patients
with more than two active-stage lesions. This cut-off was
derived from the two Peruvian trials in which patients with
one or two active-stage lesions showed a cyst reduction of
63% in both trials (statistically not superior to albendazole
monotherapy), but in patients with more than two lesions,
cyst reduction was 94% and 99% (and statistically superior
to albendazole monotherapy in both studies) [18, 19]. The
sample size of our study was too small to assess differences
in efficacy between patients with up to and more than two
active lesions.

The higher cyst resolution in people treated with com-
bination therapy compared with albendazole monotherapy
needs to be interpreted with caution, as only patients who
did not have a full cyst resolution with albendazole mono-
therapy and no treatment naive patients were treated with
combination therapy. It is well known that previous exposure
to a particular antigen allows for a better immune response
upon a second exposure to the same antigen. The beneficial
role of immune memory, which underlies the success of vac-
cines, has also been shown for other helminth infections such
as schistosomiasis [34-36]. It is, therefore, possible that the
high efficacy observed in the second treatment cycle may be
due to antigen exposure during the first treatment cycle with
albendazole, although treatment with combination therapy
occurred in the median more than 2 years after albenda-
zole therapy. However, it could also be argued that natural
antigen exposure may already have occurred before the first
treatment cycle, as all patients had at least four calcified
NCC lesions (median 17.5). In this study, we were neither
able to evaluate the effect of pre-treatment with albenda-
zole on the efficacy of antiparasitic combination therapy nor
the effect of natural disease progression. Previous studies,
however, highlighted an increased efficacy of combination
therapy over albendazole monotherapy as first-line therapy
[18, 19].

In our study, most people reported a considerable reduc-
tion of epileptic seizures after albendazole therapy. This
could be due to several reasons. First, we adjusted the
patients’ ASM regimen before treatment—where neces-
sary—and ensured that patients took their medication for
at least the following 6 months. Stock-outs and discontinu-
ation of medication are common in people with epilepsy
in sub-Sahara Africa [37-39]. Second, patients with fewer
lesions were generally less symptomatic, and although
only few patients had all active-stage lesions resolved after
albendazole monotherapy, a marked decrease of lesions was
observed. Indeed, a previous study described a reduction in
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seizure frequency after albendazole therapy [40]. However,
it would be unlikely that such a large reduction in seizure
frequency would be seen in people who did not have a full
cyst resolution. In the Peruvian trial, an 81% decrease in sei-
zure frequency was reported for patients with full cyst reso-
lution compared to those who still remained with cysts [18].
Third, the anti-inflammatory effect of antiparasitic and corti-
costeroid medication could have impacted the pathogenesis
of epileptic seizures independently of cyst resolution. The
importance of inflammatory processes on epileptogenesis
has been demonstrated previously [41, 42]. Last, recall bias
may also have played a role. This could have been addressed
through the use of seizure diaries, rather than just asking
about seizure frequency at follow-up visits. While frequency
after therapy could have been assessed using seizure diaries,
the frequency before treatment will always be affected by
recall bias, which can go either way—an overestimation or
an underestimation of the frequency, although overestima-
tion seems more plausible. It is important to note that in the
above-mentioned study from Peru, a considerable reduction
of epileptic seizures, particularly of those with generalisa-
tion, was observed and associated with treatment success
[18]. We, therefore, assume that patients truly had fewer
seizures after therapy. Also, we observed an improvement in
quality of life in people treated with combination therapy. In
particular, patients reported feeling more energetic and less
fatigued. This finding could have been expected after with-
drawal from ASM, but all patients remained on ASM until
the end of the study. In addition, a recent study demonstrated
that patients with NCC had lower quality of life [43].

Limitations

Our study had several limitations that may have partially
influenced our results. Firstly, we merged cyst resolution
of patients with 6-month follow-up and those with a longer
follow-up. This may have led to an overestimation of the
true treatment effect of albendazole, but we do not believe
that this significantly influenced our results, as most of the
treatment effect was generally observed within six weeks
after therapy, and the natural disease progression is gener-
ally very slow, as we observed in our small group of non-
treated patients. Other studies also used 6 months as their
endpoint, because no treatment effect of antiparasitic therapy
is expected to occur thereafter. In the patients with a follow-
up at 6 months and in July 2021 (long-term), no cyst reduc-
tion beyond the natural disease progression was observed.
Another limitation of our study was associated with the com-
parison of people who received antiparasitic treatment with
those who did not. In this way, we wanted to study both the
treatment effect and the natural disease progression. How-
ever, we neither randomised them into groups, nor were they
similar in their disease presentation, as only those patients
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who refused therapy or had too many cysts or cysts in criti-
cal locations were not eligible for antiparasitic therapy. Loss
to follow-up was also a problem, especially in the group of
patients not treated with antiparasitic medication. This is a
common problem in resource-limited settings where par-
ticipation in CT examination can require substantial travel;
for some patients in our study from remote areas, this was
almost a day's journey. Nevertheless, we consider this com-
parison important, as otherwise we would not have been able
to establish the natural disease progression. However, we
established the natural disease progression only in a specific
group of patients with many lesions or contraindications for
antiparasitic treatment. Another limitation concerns the
treatment effect of combination therapy. Based on our study
design, we offered the combination therapy to patients who
had previously been treated with albendazole alone and for
whom this treatment failed. While it is likely that treatment
with combination therapy would also have been successful
in patients who were successfully treated with albendazole
alone, we cannot determine this. Therefore, we cannot say
with certainty that combination therapy is more efficacious
than albendazole therapy alone, as we did not treat anybody
with two cycles of albendazole monotherapy or with com-
bination therapy as first-line therapy.

Conclusions

Treatment with a combination of albendazole and praziqu-
antel in people with active symptomatic NCC after treat-
ment with albendazole monotherapy showed excellent
results. In contrast, albendazole monotherapy performed
less well than expected. Treatment was safe under research
conditions and under directly observed therapy, which dif-
fers considerably from everyday treatment conditions in
sub-Saharan Africa. Treatment logistics, which can have a
direct impact on patient safety, are also a challenge to over-
come, particularly the absolute need for neuroimaging in
the context of treatment decision-making (which cannot yet
be replaced by some quantitative measurement of antigenic
load). Therefore, guidelines need to be developed that spe-
cifically address the safety and logistical aspects of treatment
in low-resource settings. The current WHO guidelines on
management of NCC would represent an ideal platform for
incorporating these newer aspects of NCC treatment and
could be updated. The revision should include recommenda-
tions on combination therapy as first-line therapy and on the
dosage and duration of corticosteroid therapy before, during
and after treatment with antiparasitic medication in people
with active symptomatic NCC. Making some changes based
on our observations may increase efficacy and safety of NCC
treatment, especially in low-resource settings, and therefore,

improve health and quality of life of affected patients and
their families.
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