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Abstract: Neurocysticercosis (NCC) is caused by the larval stage of Taenia solium. This parasitic
disease is endemic in many areas of the world and is emerging in Europe. NCC can affect different
brain regions, but simultaneous involvement of the parenchymal, subarachnoid, and ventricular
regions is rare. We report the case of a 39-year-old woman from Honduras, resident in Rome
for 10 years, who presented to the Emergency Department complaining of headaches, transient
hemianopsia, and bilateral papilledema. MRI showed a concomitant parenchymal, subarachnoid,
and ventricular involvement in the brain. T. solium IgG antibodies were detected in the blood. The
etiological diagnosis of NCC was obtained by identifying T. solium in cerebrospinal fluid using Next
Generation Sequencing. Endoscopic neurosurgery with the placement of a ventricular shunt and
medical long-term anti-parasitic treatment with a cumulative number of 463 days of albendazole and
80 days of praziquantel were performed. A successful 4-year follow-up is reported. NCC is one of
the most common parasitic infections of the human CNS, but it is still a neglected tropical disease
and is considered to be an emerging disease in Europe. Its diagnosis and clinical management remain
a challenge, especially for European clinicians.

Keywords: Taenia solium; parenchymal neurocysticercosis; subarachnoid neurocysticercosis; ventricular
neurocysticercosis; brain infection; quantitative polymerase chain reaction; Next Generation Sequencing;
neglected tropical disease
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1. Introduction

Neurocysticercosis (NCC) is caused by the larval stage (cysticercus) of the pork tape-
worm Taenia solium (T. solium). This parasitic disease affects the central nervous system
(CNS) and is endemic in many areas of the world, including Asia, sub-Saharan Africa, and
Latin American countries.

According to the Pan American Health Organisation, NCC affects 14.9 million people
in the Americas [1], making it one of the most frequent helminthic infections of the CNS.
In endemic areas, seroprevalence for anti-T. solium antibodies ranges from 2 to 30% [2].
In these regions, T. solium is also the main cause of acquired epilepsy, contributing to
approximately one-third of cases, ranging from 0.5 up to 67.6% in a published systematic
review and meta-analysis [3]. In the U.S., around 2000 patients are hospitalized for NCC
each year, and around 5000 cases are diagnosed [4]. Due to the increase in migration and
travel, Tnenia cases have emerged in Europe, with estimated prevalence ranging from 0.02
to 0.67%, with the lowest reported in Italy (0.02-0.04%), and only one human cysticercosis
case was suspected as an autochthonous among those published [5]. Cases in European
countries with low NCC prevalence are often found in travelers or migrants from endemic
regions [6].

NCC can affect different brain regions, and the clinical symptoms can vary depending
on the number of cysts present, their location, and the resulting inflammation. Simultaneous
involvement of the parenchymal, subarachnoid, and ventricular regions is rare, particularly
in Europe, and can be linked to a severe prognosis [6].

This case involves a 39-year-old woman from Honduras who resides in Rome. She was
diagnosed with NCC affecting the parenchymal, subarachnoid, and ventricular regions.

2. Case Presentation

A 39-year-old woman from Honduras, residing in Rome for 10 years, presented to the
Emergency Department on 16 May 2020 with complaints of headaches, transient hemianop-
sia, and bilateral papilledema. A brain CT scan revealed minute meningeal calcifications in
the right parietal region, parenchymal lesions, and tetraventricular hydrocephalus.

The patient had a history of epilepsy since the age of 17, for which she was on anti-
epileptic therapy for approximately 4 years, and she also experienced occasional headaches.
She was then transferred to the Neurology department, where a brain MRI confirmed the
presence of parenchymal lesions (one of them 6 mm in size in the right temporal region
with contrast enhancement and two calcific lesions) and a cyst in the fourth ventricle
that expanded out downwards to the cisterna magna and tetraventricular hydrocephalus
(Figure la—d). A spine MRI showed a faint enhancement in the perimedullary region
extending from the craniocervical junction to the fifth cervical vertebra. Chest and abdomen
CT scans were normal.

Blood tests detected T. solium IgG antibodies (ELISA TAENIA SOLIUM IgG, Novalisa,
NovaTec Immunodiagnostica GmbH, Germany, and Western blot IgG CYSTICERCOSIS,
LDBIO Diagnostics, Lyon, France), while tests for Quantiferon TB Gold, Widal and Wright
reactions, HIV, Trypanosoma cruzi, and Treponema pallidum were negative. No parasites were
found in the stool samples. On 19 May 2020, an analysis of the cerebrospinal fluid (CSF)
showed low glucose level (12 mg/dL), high protein levels (110 mg/dL), and an increased
number of cells (105/mm?3) with histiocytes, some neutrophils, and few lymphocytes; there
were no eosinophils (Table 1). A home-made polymerase chain reaction (PCR) test for
T. solium was negative. For this purpose, 1 mL of CSF was pelleted, and the pellet was
extracted with QIAamp DNA Mini Kits (Qiagen, Hilden, Germany) and eluted in 50 pL
of elution buffer. A conventional end-point PCR was performed using, as target region,
a mitochondrial sequence of a 314 bp fragment of the mitochondrial 12S rRNA gene [7].
PCRs for M. tuberculosis, Toxoplasma gondii, Listeria monocytogenes, Treponema pallidum,
and Aspergillus on CSF were also negative. No bacteria were detected using microscopic
examination, and the Filmarray PCR assay for neutotropic pathogens (including various
bacterial, viral, and fungal agents), Cryptococcus neoformans antigens, and HIV-RNA on
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CSF were all negative. The patient was started on a four-drug regimen for tuberculosis
along with steroids, but it was discontinued 21 days later when Next Generation Sequencing
(NGS) identified T. solium in the CSF (Table 1). For NGS, 140 uL of CSF were extracted
using a QIAmp viral RNA minikit (Qiagen) following the manufacturer’s instructions
and were eluted in 30 pL of water. Reverse transcription and Sequence Independent
Single-Primer Amplification (SISPA) were performed [8]. The obtained DNA was purified
and the shotgun sequencing run was performed by using the Ion Torrent S5 platform
(Thermofisher). On 18 June 2020, T. solium IgG (Western blot IgG CYSTICERCOSIS, LDBIO
Diagnostics, Lyon, France) resulted in a positive result for CSE.

Figure 1. Brain MR imaging at diagnosis (a—d) and follow-up (e-h). (a-d). MR images obtained
in 2020 using T2-weighted axial, T2-weighted coronal, T1-FLAIR sagittal with contrast, and T1-
weighted with contrast axial sequences. Findings include dilatation of the supratentorial ventricular
system (a), subcortical localization in the right parietal region (b), pachymeningeal enhancement
observed in the dilated cisterna magna and cervical spine (c) (the red arrows indicate cysts in the
fourth ventricle and cisterna magna), and a small subcortical localization with ring enhancement in
the right temporal region (d-h). MR images obtained in 2023 using T2-weighted axial, T2-weighted
coronal, T1-FLAIR sagittal with contrast, and T1-weighted with contrast axial sequences. Notable
changes include regression of ventricular dilatation (e), persistent subcortical localization in the right
parietal region (b), collapse of the cisterna magna with reduced pachymeningeal enhancement (g),
and unchanged subcortical localization in the right temporal region with ring enhancement (h).

On 6 July 2020, an endoscopic neurosurgery with placement of a ventricular shunt
was performed, but the removal of the fourth ventricle cyst was not possible because
of the strong attachment to the wall due to severe inflammation. On 8 July 2020, the
patient initiated oral albendazole treatment (400 mg twice daily, taken for a cumulative
total of 463 days), along with a one-month course of steroid therapy (desamethasone
0.1 mg/kg four times daily, tapered gradually). Additionally, considering the patient’s
prior history of epilepsy, the diagnosis of NCC, and the ventricular shunt procedure (later
ventriculoperitoneal shunt), anticonvulsant medication (levetiracetam 500 mg twice daily)
was added, despite the absence of recent seizures.
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Table 1. Progression of CSF parameters of the patient at diagnosis and follow-up, along with the
corresponding therapeutic interventions administered.

19 May 2020 1 June 2020 18 June 2020 26 April 2021 28 June 2021 15 October 2021 17 June 2022 22 August 2023
105 (N 40%, 80 20 20 14 v
WBC (n/mm®) L 10%, (N 40%, . (L 40%, 1 . ) 8 )
histiocytes) L 40%) (L.70%) histiocytes 40%) (L 70%, N 10%) (L70%)
Glucose (mg/dL) 12 5 23 54 59 48 56 54
Proteins (mg/dL) 110 120 88 1112 736 837 808 658
Home made PCR
for T. solium negative negative negative negative
(INMI)
NGS positive for
(INMI) T. solium
T. solium Ag . . highly .
concentration *99800 (NIH) hlghl(}I]T%))s itive positive (Ilﬁfl) n(eﬁ]ell;l;)/e
(ng/mL) (ITG)
qPCR for * positive negative negative
T. solium (NIH) (value 24.6 Cq)
Therapy
- Anti-TB yes yes no no no no
- Steroids no yes yes no no yes - -
- Albendazole no no yes yes yes yes
- Praziquantel no no no no yes no

Abbreviations: WBC = white blood cells; CSF = cerebrospinal fluid; N = neutrophils; L = lymphocytes;
E = eosinophils; NGS = Next Generation Sequencing; T. solium = Taenia solium; PCR = polymerase chain re-
action; Ag = antigen; TB = tuberculosis; INMI = National Institute for Infectious Diseases “L. Spallanzani”, Rome,
Italy; ITG = Institute of Tropical Medicine, Antwerp, Belgium; NIH = National Institutes of Health, Bethesda,
USA. Cq = Quantification Cycle * Retrospectively tested.

MRI scans performed in February and April 2021 documented an increased number
of lesions. Upon a more thorough retrospective analysis, these lesions were found to have
been already present in the earlier images from February and April 2020, revealing a greater
number of hyperintensity lesions within the subarachnoid spaces and cysts, including
the cisterna magna (Figure 1). Moreover, on 26 April 2021, a further increase in CSF
protein levels (1112 mg/dL), along with very high levels of T. solium antigen in the CSF
and negative T. solium antigen in serum (Institute of Tropical Medicine, Antwerp), were
found. On April 2021, levetiracetam was discontinued and replaced with zonisamide
because of poor tolerability. An international panel of experts on NCC was consulted;
albendazole therapy was continued, and praziquantel (60 mg/Kg/day, 3000 mg/day) was
added from 19 May 2021, until 7 August 2021, when the patient stopped it on her own
due to abdominal pain. Prednisone at the dose of 50 mg/day was started on 5 May 2021
and then gradually reduced. Between September and October 2021, improvements were
observed in MRI scans, with a decrease in subarachnoid signal intensity and improvement
in CSF parameters. The T. solium antigen in CSF measured 14.5 ng/mlL, and a quantitative
polymerase chain reaction (QPCR, Tsol1R13 qPCR) for T. solium was negative in both CSF
and plasma (NIH Laboratories Bethesda, Bethesda, MD, USA) (Table 1) [9]. Albendazole
was stopped on 14 November 2021 and prednisone was tapered off a few days earlier. After
that, the patient went back to her job as a babysitter and returned to her home country
for about a year. Currently, she is in good clinical condition and has no symptoms, and
she has annual follow-up visits. The last follow-up assessment showed a slight reduction
in CSF protein levels on 22 August 2023 and stable brain MRI scans in September 2023.
The qPCR for T. solium on CSF and plasma were undetectable, and the concentration of
Taenia antigen remained undetectable in CSF and blood (Table 1). At the NIH Laboratory,
the initial CSF samples (collected on 18 June 2020) were retrospectively tested, and qPCR
was found to be positive (value 24.6 quantification cycle, Cq), with a CSF Taenia antigen
concentration of 99,800 ng/mL (negative reference range 0- < 1 ng/mL). The patient remains
under observation.
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Table 1 summarizes the changes in CSF and blood parameters and the prescribed
treatment. Figure 1 displays brain MR images at diagnosis (a—d) and during follow-up
(e-h).

3. Discussion

We report a case of NCC with combined involvement of the parenchymal, ventricles,
and subarachnoid spaces of the brain, as well as the spinal cord. Involvement of all three
brain compartments is rare in Italy and required long-term treatment. The patient was
successfully treated for a cumulative number of 463 days with albendazole and 80 days
with praziquantel. It is worth noting that she still had a viable ventricular NCC 20 years
after symptoms’ onset and 10 years from the date of immigration.

NCC is a Neglected Tropical Disease (NTD) endemic in certain parts of the world,
but relatively rare in Europe. The most common form of NCC is its parenchymal form,
whereas its ventricular and subarachnoid involvement is less frequent. In large series
of cases followed for several years in the USA, ventricular cysts were found in 19% of
121 cases and the subarachnoid form in 25.4% of 134 cases [10,11]. Nevertheless, changes in
current epidemiological trends in NCC indicate that extra-parenchymal NCC is becoming
more prevalent [12]. Furthermore, some evidence suggests the possibility of a more recent
infection of patients affected by parenchymal and ventricular NCC than subarachnoid
NCC, probably related to a longer preclinical phase of extra-parenchymal NCC, explaining
the older age of patients with subarachnoid NCC [13].

The simultaneous involvement of parenchymal, subarachnoid, and ventricular regions
is uncommon. Only 2 out of 46 (4.3%) imported cysticercosis cases in Spain had multiple
types of NCC in a single patient [14]. This condition can indicate a poor prognosis and
significant difficulties for diagnosis and treatment.

Cysts located in different compartments of the brain cause different clinical manifes-
tations and need different clinical approaches, either medical or surgical. The infection
of the parenchymal tissue often causes convulsions. Subarachnoid cysts cause symptoms
related to mass effect, chronic arachnoiditis resulting in infarction and hydrocephalus,
while ventricular cysts primarily cause symptoms due to the obstruction of CSF flow and
associated ventriculitis.

Despite presenting with all three localizations of NCC simultaneously, our patient
complained of only headache and a transient visual impairment, with a history of epilepsy
in the past.

Diagnosing NCC was challenging in our case, as the patient’s origin and anti-T solium
antibodies were suggestive, but not enough to confirm it. Several studies have reported
a high sensitivity of T. solium PCR in CSF, but not 100% [15]. The home-made PCR test
performed at our Institute was negative because of its low sensitivity, and more innovative
and advanced methods like NGS were employed for diagnosis [8,16]. The qPCR on the CSF
collected at diagnosis and retrospectively tested at NIH was positive, probably because
of different sensitivity between the two target regions used: a mitochondrial sequence
(314 bp fragment of the mitochondrial 12S rRNA gene) at INMI, and a very small and
highly repetitive interspersed (non-coding) region, which is probably more sensitive, at
NIH [9].

Assays for the detection of parasite antigen in CSF, serum, and even urine, may also be
useful to confirm the diagnosis, but they are not currently widely available commercially
and are less sensitive than assays for specific IgG. Positive results correlate with the number
of viable cysticerci [17].

In addition, the diagnostic process faced problems because of its time-consuming
and expensive nature and the limited number of international reference laboratories with
sensitive and specific techniques for direct diagnosis of NCC. In fact, antigen and highly
sensitive PCR are performed only in a few reference laboratories.

We can argue that NGS was probably not essential for the diagnosis of NCC in this
case; however, it was a very important support for us, as antibody detection in blood was
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insufficient for diagnosis. In fact, serology positivity in blood simply reflects exposure to
parasites and cannot be used as the only diagnostic criterion. Furthermore, detection of
specific IgG in CSF could results from passive diffusion from blood. Indeed, the diagnosis
of NCC is often made using serologic tests combined with imaging features. However,
imaging is often nonspecific and abnormalities can be missed by standard sequences of
MRI [18], as in our patient, in a non-endemic country, where experience with this disease is
limited. Therefore, NGS was a great support for diagnosis and could be performed within
our laboratory, while qPCR and antigen determination of T. solium were only available in
reference laboratories abroad.

We found some difficulties in identifying lesions located in the subarachnoid space and
basal cistern using the classical sequences (Fluid Attenuation Inversion Recovery (FLAIR)
and T1). In fact, only a retrospective analysis of the imaging of our case showed the early
involvement of these compartments. The usefulness is known of 3D MRI with FIESTA
sequences compared to classical sequences to diagnose neurocysticercosis located in the
basal cisterns of the subarachnoid space in patients with a suspected diagnosis of extra
parenchymal NCC. These sequences should be routinely used to favor an earlier diagnosis
and improve the prognosis of patients affected by this severe form of the disease [18].

Moreover, low CSF glucose levels at diagnosis led to the initial consideration, and
subsequent exclusion, of tuberculosis. In tropical settings, NCC and tuberculosis need to be
considered in all differential diagnoses of neurological syndromes with very low glucose
levels in CSF and brain masses [19].

The clinical outcome of NCC differs according to its location: ventricular and subarach-
noid involvement more often leads to neurological complications, long-term consequences,
relevant morbidity, and mortality. Subarachnoid NCC often causes severe sequelae: in a
large series of patients diagnosed and followed up at the NIH, only 42.4% of the patients
were in good health conditions without problems, as in our patient, and 24.2% of them
were unable to work [11]. In intraventricular NCC, 15% had severe disability, as reported
in one of the largest reported series [10].

The therapeutic management of the patient presented considerable challenges. Guide-
lines for the clinical management of NCC are available [20], but the strength of recommen-
dations and the quality of evidence are sometimes weak. The treatment for parenchymal
disease is fairly standard; ventricular disease requires removing the cyst or bypassing
the obstruction, and the treatment of ventriculitis is sometimes necessary. Although the
treatment of ventricular disease has not been subjected to randomized studies, there seems
to be general agreement on what is effective treatment. In our patient, as in others, the man-
agement of subarachnoid disease posed the greatest difficulties. There is no randomized
clinical trial and consensus on how to treat subarachnoid disease, which drugs to use, if
mono- or combined therapy should be used, and for how long. However, recent studies
indicate that treatment with cysticidal agents can be effective if used for a long time and
with careful testing of taenia markers (taenia antigen and/or T. solium DNA) in CSF, and
sometimes in plasma, which can help to define the duration of treatment to prevent parasite
regrowth [9]. The subarachnoid disease needs long-term treatment because of both the
ability of this form to grow and the risk of clinical relapse even decades after insufficient
treatment. Expert opinions suggest that the type and duration of antiparasitic treatment
should be decided individually by the absence of parasite antigens or DNA in CSF.

In fact, antigens in CSF and plasma and DNA in CSF are considered to be a marker
of disease activity along with the normalization of cellularity and hypoglycorrachia in
CSF, and should be monitored in the follow up. They are a useful tool for the decision to
discontinue cysticidal treatment and steroids in subarachnoid NCC [9,20].

In the successful management of this case, the international experts’ scientific board
played a pivotal role. Effective management required a comprehensive multidisciplinary
approach, involving specialists in infectious diseases, neurology, neurosurgery, neuroradi-
ology, microbiology, and a multimodal strategy. This included intensified and combined
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antiparasitic therapy with higher and longer doses than standard protocols, together with
anti-inflammatory interventions.

Drug availability posed an additional challenge in NCC treatment, with praziquantel
not being registered in Italy and albendazole, although registered, presenting availability
challenges for a long off-label duration.

We will continue to closely monitor the disease activity with ongoing long-term
follow-up visits of the patient.

4. Conclusions

NCC is one of the most prevalent parasitic infections of human CNS, but it is still a
NTD, according to the WHO in 2016, and it is considered to be an emerging disease in
Europe. Its clinical management remains a challenge for European clinicians.
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