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Summary
Background Subarachnoid neurocysticercosis (SANCC) is an uncommon but severe form of Taenia solium infection. 
There is limited evidence to guide clinical management. We aimed to describe the clinical and laboratory features of 
a cohort of patients with SANCC, and assess the impact of different management strategies on their clinical course.

Methods We performed a multicentre retrospective cohort study with patients from 15 medical centres across nine 
states in the USA. SANCC was defined based on histopathology; the presence of cysts in the basilar subarachnoid 
spaces/sylvian fissures/spine with antibody positivity to T. solium/meeting Del Brutto criteria; or inflammatory 
cerebrospinal fluid (CSF) with positivity to T.solium antigen or qPCR and negativity to viral, fungal, and bacterial 
pathogens. Each site reported up to the most recent 7 sequential patients with SANCC based on institutional 
memory or systematic searching of the electronic medical records. Data entry was performed from Nov 12, 2021 to 
Nov 28, 2022. Minimal criteria for inclusion was a discharge summary for a hospitalisation due to SANCC. Data 
collection centred around the earliest hospitalisation associated with the SANCC. Data from prior and subsequent 
inpatient and outpatient visits were also collected. Data were analysed to assess the impact of treating with
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anthelmintics based on CSF biomarkers, the normalisation of imaging, or a fixed duration on SANCC recurrence 
rates. Diagnostic delay was defined as patients with prior hospitalisation or extensive workup for a complication (e.g. 
stroke, hydrocephalus, meningitis, mass) but without SANCC suspected. Those with a diagnostic delay and those 
with a diagnosis of SANCC but were initially managed without anthelmintics (e.g. shunt, cyst removal) were 
considered to have a delay in anthelmintic treatment. The effect of delay in anthelmintic treatment on subsequent 
Emergency Room visits and hospitalisations was assessed.

Findings Data were collected on 75 patients with neurocysticercosis. Of whom, six patients were determined to not 
meet the definition of SANCC and were excluded; ultimately, 69 (40 male, 29 female) met the definition of SANCC. 
The year of case-defining SANCC hospitalisation ranged from 2009 to 2022, with a median year of 2016. Median 2.5 
years, interquartile range (IQR) 0.94–4.0 years. SANCC was a new diagnosis in 59 patients. Of these, 18 (31%) had 
prior medical visits for SANCC manifestations (i.e. hydrocephalus [17%], stroke [5%], and/or meningitis [7%], brain 
mass [3.3%], TIA [1.6%], or intracranial hypertension without hydrocephalus [1.6%]) but SANCC was not 
considered. At the time of discharge, 9 (13%) patients were not given albendazole and/or praziquantel due to cost 
or availability. 52 patients had >60 of post-hospitalisation follow-up and completed the intended course of therapy. 
Use of CSF T. solium biomarkers (antigen [TsAg] and/or qPCR) to guide length of anthelmintic therapy decreased 
SANCC recurrence (0 [n = 0 of 17] vs. 23% [n = 8 of 33], p = 0.039, odds ratio [OR] 95% confidence interval [CI] 
0.0–0.84), whereas use of magnetic resonance imaging normalisation to guide treatment length did not decrease 
recurrence (15% [n = 3 of 20] vs 16.67% [n = 5 of 30] p > 0.9, OR 95% CI 0.21–4.18). A delay in anthelmintic 
treatment was associated with an increase in subsequent SANCC-related Emergency Department visits or hospital 
admissions (median 1, IQR 1–2) compared to no anthelmintic delay (median 0.5, IQR 0–1; p = 0.018).

Interpretation SANCC is commonly misdiagnosed and diagnostic and therapeutic delays may lead to more sub-
sequent hospital encounters for SANCC-related problems. Use of CSF Ts biomarkers to guide anthelmintic therapy 
may decrease SANCC recurrence. However, given the small sample size, adjustment for confounders with 
regression analysis was not performed and we cannot exclude confounding as responsible for differences seen. 
Larger, prospective studies are needed to confirm these findings.

Funding Division of Intramural Research, National Institute of Allergy and Infectious Diseases.

Copyright Published by Elsevier Ltd. This is an open access article under the CC BY-NC-ND license (http:// 
creativecommons.org/licenses/by-nc-nd/4.0/).
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Introduction
Neurocysticercosis (NCC) develops when a person in-
gests ova that are shed from a T. solium intestinal 
tapeworm (“pork tapeworm”) carrier and the parasitic 
larva migrates into the central nervous system (CNS). 
NCC manifestations and clinical course are highly 
dependent on cyst burden and location. Cysts found in 
the brain parenchyma are a major cause of seizures in 
endemic regions. The global burden of NCC is 
conservatively estimated at 2.8 million disability 
adjusted life years due to seizures. 1 Not considered in 
this number is the significant morbidity and mortality 
caused by extraparenchymal NCC. In this form, cysts 
are found within the ventricles (“ventricular NCC”) or 
in the subarachnoid space (subarachnoid NCC 
[SANCC]). Not all cysts in the subarachnoid space 
behave the same. Subarachnoid cysts in the convexity of 
the brain present, and are treated, like parenchymal 
NCC. 2 Conversely, subarachnoid cysts originating in 
the basilar cisterns, Sylvian fissures, or around the 
spine have the potential to take on a multilobulated

(“racemose”) form. The term SANCC is generally used 
to refer to cysts in these specific latter locations. 2 

SANCC is associated with a higher mortality rate 
than parenchymal NCC due to the frequent develop-
ment of increased intracranial pressure and shunt 
complications, particularly in areas with low access to 
neurosurgical services and brain imaging. 3,4 SANCC is 
also more difficult to treat than parenchymal NCC, 
likely due to the ability of the parasite to regenerate, low 
penetration of albendazole and praziquantel to the 
subarachnoid space, and the large burden of organism 
typical of SANCC. 5–7 SANCC cysts possess stem cells in 
their tegument enabling them to persist and regrow, 
resulting in relapsing meningitis and formation of new 
cysts over time in the absence of adequate anthelmintic 
therapy. 5,7 Current guidelines advise a strong recom-
mendation to treat SANCC with antiparasitic drugs and 
initiate anti-inflammatories prior to starting. They do 
not offer specific recommendations regarding using 
albendazole, praziquantel, or combination therapy. 
They also offer a weak recommendation for continuing
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anthelmintic treatment until radiologic resolution of 
viable cysts on magnetic resonance imaging (MRI), but 
lack data to support this approach. 2 Moreover, since 
subarachnoid cysts have a similar appearance to the 
cerebrospinal fluid (CSF) and subarachnoid scarring 
permanently alter the appearance of the space, there is 
increasing evidence that imaging can be a misleading 
treatment endpoint. 8,9 Using imaging as the guide for 
treatment response, one study demonstrated a 10-day 
albendazole course caused complete cyst collapse in 
26% of patients 6 months following therapy. 7 Addi-
tionally, short courses of anthelmintics similar to 
treatment for parenchymal disease are unlikely to cause 
durable cure in the majority of patients with SANCC. 7 A 
recent small retrospective study where 10–20 days of 
albendazole was the predominant treatment approach

showed no difference in preventing recurrent SANCC 
meningitis compared with corticosteroids alone-seen in 
approximately 50% of both groups. 10 T. solium antigen 
(TsAg) and real-time polymerase chain reaction (qPCR) 
assays have shown promise in guiding anthelmintic 
therapy, but data have been limited to small numbers on 
banked samples retrospectively tested, small descriptions 
of the biomarkers decreasing with treatment, and a 
single centre experience with no comparison to other 
treatment strategies. 1,9,11 No prior study has compared 
outcomes of patients whose treatment was guided in real 
time by these biomarkers to other strategies to guide 
anthelminthic use. There is no current gold standard in 
SANCC to indicate cure. Historically, durable cure has 
only been demonstrated with prolonged follow-up 
demonstrating no new lesions on imaging or recurrent

Research in context

Evidence before this study
PubMed and Google Scholar were searched: 
(((“subarachnoid"[All Fields] OR “racemose” [All Fields]
OR “meningitis” [All Fields]) AND (“Therapy"[All Fields]
OR “albendazole” [All Fields] OR “praziquantel” [All Fields] OR 
“Treatment” [All Fields] OR “anthelmintic” [All Fields] OR 
“antihelminthic” [All Fields]) AND (“cysticercosis” [All Fields] 
OR “neurocysticercosis” [All Fields]) AND 
(excludepreprints[Filter])) NOT (review[Publication Type]) 
AND (excludepreprints[Filter])) NOT (case reports[Publication 
Type]) PubMed results were limited to humans. Scopus was 
searched with the terms “cysticercosis” OR 
“neurocysticercosis” AND “racemose” OR “subarachnoid” 
AND “treatment duration” within the article title, abstract, 
and keywords. Web of Science was searched with the terms 
“neurocysticercosis” (All Fields) and “subarachnoid” (All 
Fields) and “treatment” (All Fields). Searches were performed 
on Sept 9, 2025. While several studies have assessed the 
immediate radiologic improvements in cyst size with 
anthelmintic treatment, only one assessed recurrence rates 
following therapy in comparing strategies. The study was a 
single centre retrospective cohort by Angerri-Nadal et al. 
(2025) that included 15 patients (total) with SANCC, 
comparing anthelmintic treatment to corticosteroids only, 
with only two patients in the latter category. There was a 
high relapse rate in both groups (∼50%), but the study did 
not have enough patients in the corticosteroid treatment 
group to power the conclusion that there was no significant 
difference in using anthelmintics compared to steroids alone 
to prevent relapse.

Added value of this study
To our knowledge, this is the largest study in SANCC 
comparing treatment strategies to prevent SANCC 
recurrence. This multicentre retrospective cohort study 
reports 69 patients with SANCC, of which 50 had >60 days 
of post-hospital follow up and completed anthelmintic

therapy. Treatment strategies were compared for differences 
in radiologic SANCC recurrences during follow-up. Patients 
whose anthelmintic treatment length was guided by Taenia 
solium CSF biomarkers (T. solium antigen and/or qPCR [Ts 
biomarkers]) were less likely to experience SANCC recurrence 
compared to those where CSF Ts biomarkers were not part of 
the treatment strategy. Recurrence rates in patients whose 
treatment was guided by cyst resolution on imaging did not 
have a significantly different relapse rate than those whose 
treatment length was not guided by cyst resolution. 
Moreover, there was no significantly different length of 
anthelmintic treatment overall between these two groups, 
suggesting the need for individualised therapy length in 
SANCC.

Implications of all the available evidence
Anthelmintic therapy for SANCC causes short-term 

improvement in the size of cysts on neuroimaging. The 
higher the dose of albendazole and the longer the course, 
generally the more substantial the short-term improvement 
in cyst size. However, imaging can be misleading in 
determining cure, and overall prognosis is dependent on long 
term follow-up to capture relapse. Patients with SANCC 
treated with anthelmintics (albendazole and/or praziquantel) 
until CSF Ts biomarker negativity were significantly less likely 
to experience subsequent radiologic relapse than those 
where biomarkers were not used as part of the treatment 
strategy. Our findings show there was no relapse difference 
in those patients where imaging normalisation guided 
anthelmintic treatment compared with those where it was 
not. Neurocysticercosis guidelines have previously 
recommended SANCC anthelmintic use guided by radiologic 
resolution on magnetic resonance imaging. This study was 
limited by small total numbers and, therefore, lack of 
adjustment for confounders. Larger and prospective, 
randomised controlled trials in assessing treatment of SANCC 
are needed.
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meningitis, 12 which is not available in most studies. 
Albendazole and praziquantel are very expensive in the 
United States (US), and frequently in short supply, pre-
cluding the widespread use of prolonged therapy. 13,14 

Given the paucity of published data to guide SANCC 
treatment duration and other aspects of care, we uti-
lised a collaborative multicentre approach to perform a 
retrospective cohort study to identify the impact of 
different management strategies on patient outcomes. 
Moreover, we wanted to quantify the frequency of 
SANCC misdiagnoses. Given our collective clinical 
experience, we hypothesised that delays in anthelmintic 
therapy would lead to increased medical encounters 
following the initial hospitalisation due to longer un-
controlled inflammation and parasite growth.

Methods
Study design and ethics
Twenty-four US institutions were invited to contribute 
data from patients with SANCC based on their location 
and immigration patterns in the USA. 15–17 Of the 24 
invited institutions, 15 received an institutional review 
board (IRB) waiver or IRB approval (see Supplemental 
Methods) and completed data entry. Seven patients 
included from a natural history study (National Insti-
tute of Allergy and Infectious Diseases, USA, Natural 
History Neurocysticercosis study NCT00001205) signed 
informed consent, and all other institutions received 
waivers of informed consent prior to data collection. 
Full details on institutional review board waivers and 
approval numbers are given in Supplementary 
Table S7. This report adheres to STROBE reporting 
guidelines. See Supplemental Data for study protocol.

Participants
Patients were defined as having SANCC if they fulfilled 
the criteria for at least one of three definitions, which 
are in line with current guidelines 2 (Table 1). Each 
included patient was thoroughly vetted by data man-
agers to ensure that provided radiologic and surgical 
data aligned with the purported reasons for study in-
clusion. Sites were instructed to find the earliest hos-
pitalisation due to a known diagnosis of SANCC, or that 
led to the diagnosis, termed here “SANCC hospital-
isation”. For a hospitalisation to be considered due to 
SANCC, either an MRI or an LP had to have been 
performed with compatible findings (see Supplemental 
Table S1) up to 2 months prior to hospitalisation. These 
definitions were used to avoid hospitalisations due to 
shunt infections or that may have been due to SANCC, 
but where the diagnosis was missed. The minimal data 
requirement for patient inclusion was a discharge 
summary from the SANCC hospitalisation. Past medi-
cal history at time of SANCC hospitalisation, the hos-
pital course, subsequent hospitalisations, follow-up

visits, and reporting institution information were 
collected. Among the participating sites the practice is 
to admit patients with SANCC to initiate treatment 
since this is a period at risk for clinical worsening, even 
if they have been diagnosed as an outpatient. Moreover, 
the diagnosis of SANCC typically requires awaiting 
testing results to return over several weeks. We thus 
used the admission date for the earliest SANCC 
admission as a way to establish a relatable timeline 
across patients for follow-up.

Treatment of all patients was strictly at the discre-
tion of each clinician. While clinicians within

Characteristic
Male, n(%) 49 (71)
Female, n(%) 20 (29)
Median age at hospitalisation (range), years 43 (15–76)
Median year of admission (range) 2016 (2009–2022)
Median years from US immigration to
hospitalisation a (range) 

20 (1–40)

Country of origin, n (%) 
Cape Verde 2 (3)
El Salvador 3 (4)
Guatemala 10 (14)
Honduras 3 (4)
India 1 (1)
Mexico 46 (67)
Nicaragua 1 (1)
United States b 1 (1)
Unknown 2 (3)

Prior diagnoses, n (%) 
Headaches 39 (57)
Seizures 15 (22)
Parenchymal NCC 4 (6)
Extraparenchymal NCC (with or without
concurrent parenchymal NCC)

10 (14)

Prior NCC, unknown lesion location 3 (4)
No known NCC 52 (75)

Symptoms at hospital presentation, n(%) 
Headache 55 (80)
Nausea and/or vomiting 32 (46)
Blurry vision/diplopia 23 (33)
Dizziness 30 (43)
Focal neurologic symptoms 21 (30)
Seizure 14 (20)
Partial 4 (6)
Generalised 11 (16)

Confusion 13 (19)
Weakness 12 (17)
Loss of consciousness 6 (9)
Fever 5 (7)
Gait abnormality 4 (6)
Urinary retention/incontinence 3 (4)

SANCC, subarachnoid neurocysticercosis; NCC, neurocysticercosis; US, United 
States. a Known year of immigration n = 54. b Travel to Central America and 
Mexico.

Table 1: Demographics of patients with SANCC (n = 69).
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institutions may have adopted more similar treatment 
approaches, no institution had a universal approach 
that it applied to all patients.

Each site submitted a maximum of the seven most 
recent (sequentially seen) patients with the minimum 
required data. Each site was capped at seven to limit the 
time commitment of this project and facilitate 
participation.

Procedures
Deidentified study data were collected and managed 
using REDCap electronic data capture tools hosted at 
the National Institute of Allergy and Infectious Dis-
eases. 18 Each site had access to their own raw data 
following data entry. Data entry was completed between 
November 12, 2021 and November 28, 2022. Once data 
from free text fields were further coded and further 
potential identifiers removed, all authors had access to 
the full dataset. The lead study site reviewed entries for 
accuracy. Following the SANCC hospitalisation, the 
follow-up period included any Emergency Department 
(ED) visits, hospital admissions, and outpatient 
Neurology and Infectious Diseases clinic visits until the 
conclusion of the data entry period. Each site searched 
electronic medical records for these visits.

Definitions were constructed following data entry 
for consistent application of terminology in data ana-
lyses. These definitions were applied to each site’s data 
and sent back to site investigators for confirmation 
prior to final data tabulation and analysis:

Delay in SANCC Diagnosis: At the time of SANCC 
hospitalisation, the presence of a previous hospital-
isation for an associated complication (e.g. shunt 
placement, ischaemic stroke, subarachnoid haemor-
rhage, aseptic meningitis) or a previous workup for 
CNS-related symptoms and a compatible lesion on 
imaging, but SANCC was not suspected. Patients with 
an established prior history of extraparenchymal NCC 
were excluded from this analysis.

Delay in Anthelmintic Therapy: Patients with a diag-
nostic delay and those with diagnosis of SANCC 
managed without anthelmintics were together consid-
ered to have a delay in anthelmintic therapy.

SANCC Recurrence: The appearance of new cysts on 
follow-up imaging, or a worsening of previously 
visualised leptomeningeal disease and worsening 
symptoms on follow-up that prompted re-initiation of 
treatment.

New SANCC diagnosis: SANCC diagnosed within the 
prior 2 months of the SANCC hospitalisation AND the 
admission was either a planned admission (often for 
treatment purposes) or a transfer from an institution 
where the diagnosis was made.

Relatedness of hospital visits to NCC during the 
follow up period was indicated by the reporting site. For 
consistency in consideration of SANCC-relatedness 
across sites, entries were reviewed independently by

two authors (E.O. and J.G.) and deemed either unre-
lated to SANCC or possibly/probably related to SANCC. 
Disagreement on relatedness to SANCC was adjudi-
cated by a third author (M.D.). Any symptoms or 
complications possibly or likely related to SANCC dis-
ease or side effects of corticosteroids were considered 
related to SANCC. ED visits for seizures due to paren-
chymal NCC, other documented infections, medication 
refills, or trauma were regarded as unrelated. Patients 
with less than 60 days of follow-up after SANCC hos-
pitalisation were excluded from this analysis.

Outcomes
The influence of concurrent ventricular and paren-
chymal NCC on SANCC management was assessed 
post-hoc. We compared rates of therapeutic extraction 
of cysts in patients with ventricular disease to those 
without ventricular disease. We also assessed duration 
of anthelmintics and corticosteroids in those with 
coexisting non-calcified parenchymal NCC.

Variables considered in influencing outcomes 
included a sex, a delay in diagnosis, delay in anthel-
mintic treatment, and the, and strategy guiding 
anthelmintic duration (normalisation of imaging, pa-
tient symptoms, fixed duration, CSF Ts antigen/qPCR, 
blood Ts antigen/qPCR, or other factors), and 6 month 
post-hospitalisation MRI findings. Factors guiding 
anthelmintic duration were not mutually exclusive 
choices, and multiple selections were possible, as 
indicated in the patient chart. Since subarachnoid cysts 
have the propensity to take on the racemose phenotype, 
it is common to find additional cysts on high resolution 
imaging, even if only 1 is seen on imaging with standard 
MRI sequences. It is also not routine for radiologists 
provide measurements of every cyst in the subarachnoid 
space. Thus, the number of cysts and size of cysts were 
not systematically collected, nor adjusted for.

Statistical analysis
Contingency analysis assessing treatment strategy was 
performed using each treatment strategy individually 
compared with patients across all other treatment 
strategy categories. Outcomes analysed were SANCC-
related rehospitalisations and ED visits, SANCC recur-
rence, total time on anthelmintics, and total time on 
corticosteroids. Sex was recorded from documentation 
on patient medical records.

To assess for reporting bias in those with a delay in 
anthelmintic treatment, the number of non-SANCC 
hospital encounters was assessed as was the duration 
of follow-up between those with and without a delay in 
anthelmintic therapy. To assess for selection bias in 
treatment strategy comparisons and anthelmintic delay 
comparisons, follow up time was also compared be-
tween the groups. Since sites utilising CSF Ts bio-
markers were generally regarded as higher volume 
SANCC centres than those that did not utilise CSF Ts
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biomarkers, a contingency analysis comparing number 
of SANCC recurrences at centres that used CSF Ts 
biomarkers for any patients included in this study, 
compared with centres that did not use CSF Ts bio-
markers to guide treatment for any patients included in 
this study.

As a descriptive study there were no sample size 
calculations. Statistics were performed using Prism 
GraphPad v10.2. Calculated P values were two-sided, 
and ≤0.05 were deemed significant. All variables 
were considered nonparametric for comparisons. 
Mann–Whitney U test was used to compare continuous 
numeric variables between dichotomous groups. 
Kruskal–Wallis test was used to compare continuous 
numeric variables across three or more groups. Cate-
gorical variables were compared using Fisher’s exact 
test. Odds ratio confidence intervals were calculated 
using the Baptista-Pike method.

Role of the funding source
The funding source had no role in study design, data 
collection, data analysis, or data interpretation, the 
writing, nor the decision to submit the paper for pub-
lication. All authors had full access to the study data. 
EMO and JJG had final responsibility for the decision to 
submit for publication.

Results
In total, 15 medical centres across nine states (Texas [2], 
California [6], Illinois, North Carolina, Alabama, Mas-
sachusetts, Colorado, Florida, Maryland) in the United 
States participated in this study. All centres are teaching 
hospitals, and 11 are considered safety net hospitals. 
Further details on the participating institutions and 
source data can be found in the Supplemental Data. 

Data for a total of 75 patients were entered into 
REDCap. Six cases of cysts involving only the ventricles 
or subarachnoid space of the convexity of the brain 
without evidence of coexisting basilar cistern, Sylvian 
fissure, or spine disease, and did not otherwise meet 
the definition of SANCC (Supplemental Table S1), were 
excluded from the analysis. Therefore, a total of 69 
patients with SANCC were analysed, unless otherwise 
specified (Fig. 1).

Cohort demographics are shown in Table 1. Most 
patients were male (71%, n = 49) immigrants from 
Latin American countries (91%, n = 63). For those that 
immigrated to the US, median time from immigration 
to the US to hospitalisation was 20 years (range 1–40 
years). The year of case-defining SANCC hospitalisation 
ranged from 2009 to 2022, with a median year of 2016. 
Headaches were the most common prior diagnosis 
(57%, n = 39), as well as the most common presenting 
symptom at the time of SANCC hospital admission 
(80% n = 55, Table 1). Most patients (75%, n = 52) did 
not carry a previous diagnosis of NCC. Median duration

of continuous symptoms prior to hospitalisation was 
eight weeks (interquartile range [IQR] 2–37 weeks). 
Duration of hospitalisation was a median of nine days 
(IQR 5–14 days).

While there were rare cases restricted to the spine 
(6%, n = 4) or meningitis without discernible cysts 
(1.5%, n = 1), 93% (n = 64) of patients had intracranial 
subarachnoid cysts found in locations defining SANCC 
(i.e. basilar cisterns, etc). Nearly half (46%, n = 32) had 
no parenchymal cysts or calcifications. Ven-
triculomegaly was seen on brain MRI in 59.4% (n = 41) 
of patients at hospital admission, most commonly due 
to non-communicating hydrocephalus (38%, n = 26). 
Communicating hydrocephalus was seen in 18.8% 
(n = 13). Twenty-four patients underwent a complete 
spine MRI, which demonstrated cysts, abnormal 
enhancement, and/or arachnoiditis in 11 (46%). The 
lumbosacral spine was most frequently affected with 
cysts and/or arachnoiditis seen in eight patients (33%). 
Additional MRI findings are described in Supplemental 
Table S2.

Twenty-eight patients underwent lumbar puncture 
around the time of hospitalisation and had available 
results (Fig. 2). While the median CSF WBC was 43.5/ 
mm 3 there were a few patients with counts greater than 
500/mm 3 . Most patients had lymphocyte-predominant

75 individuals recorded 
in database

6 excluded that did not meet 
de � nition of SANCC (see Table 1) 

69 hospitalised with SANCC

59 received a 
new diagnosis 

of SANCC

10 with a known 
history of extra-

parenchymal 
NCC

52 completed 
intended course 
of anthelmintics

4 excluded with <60 
days of follow-up for 
post-hospital analyses 

65 with ≥60 days 
 

follow-up a � er hospitalisation

8 lost to 
follow-up 

before 
completing 

therapy

4 remain 
on 

treatment

1 death 
(COVID19)

51 with 
post-

treatment 
outpatient 
assessment

1 without post-
treatment follow-up

50 with 
information 

on what 
guided 

treatment

Fig. 1: Flow diagram of patient cohort.
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meningitis, although a few were neutrophilic. Elevated 
protein (CSF protein >60 mg/dL) and hypoglycor-
rhachia (CSF glucose <45 mg/dL) were common (39%, 
n = 11 and 36%, n = 10 out of 28, respectively). While 
not all laboratories comment on eosinophil presence in 
the CSF, 16 of the 24 patients (67%) with available data 
had eosinophils detected in the CSF. Most patients had 
positive immunoassays for Taenia-directed antibodies 
in either the serum or CSF. There were two cases of 
false negative serum antibody utilising a commercial 
Enzyme-Linked Immunosorbent Assay (ELISA), 
resulting in a sensitivity of 94.3% (33 positive out of 35), 
no false negatives for the serum Enzyme-linked 
Immunoelectrotransfer Blot ([EITB] sensitivity 100% 
[n = 12 out of 12]), and one false negative CSF EITB 
(sensitivity of 88.9% [n = 8 out of 9]).

In most patients (n = 59, 86%), the earliest hospi-
talisation associated with a known diagnosis of SANCC 
with accessible records was also the hospitalisation 
when the patient received a diagnosis of SANCC. Thus, 
we had the opportunity to assess for complications 
related to undiagnosed SANCC and the impact of 
diagnostic delays on these patients. We sought to cap-
ture patients with a previous hospitalisation for an 
associated complication, or those who had undergone 
evaluation for CNS-related symptoms with a compatible 
lesion previously noted on imaging, but in whom 
SANCC was not suspected at that time. Often these 
patients had encountered multiple medical pro-
fessionals and had undergone extensive diagnostic 
evaluations. Out of the 59 patients without a previously 
established diagnosis of extraparenchymal NCC, 18 
(30%) experienced a delay in diagnosis that met our 
clinical definition. Most commonly, patients had a prior 
hospitalisation for hydrocephalus (n = 10), stroke

(n = 3), and/or meningitis (n = 4) without consideration 
for SANCC (Fig. 3A). Table 2 lists the most common 
and unique clinical and radiographic features that 
should prompt consideration for the diagnosis of 
SANCC in a patient with compatible epidemiologic 
exposure.

Several patients in the cohort were initially managed 
following the SANCC diagnosis without anthelmintic 
therapy (Fig. 3A). Four patients with a previously 
established diagnosis of SANCC at the time of SANCC 
hospitalisation were managed without anthelmintic 
therapy. Three of these underwent shunt placement for 
symptom management (1 also had intraventricular cyst 
removal) an unknown period prior to study capture. 
The fourth patient was followed clinically for six 
months until SANCC admission. Ultimately, they were 
all started on anthelmintic therapy during the SANCC 
hospitalisation. An additional 2 patients with a new 
diagnosis of SANCC were managed with surgical 
removal of subarachnoid cysts without anthelmintic 
therapy at the time of SANCC hospitalisation. One was 
lost to follow-up after 128 days. The other required CSF 
diversion for hydrocephalus 2 years later and was sub-
sequently treated with anthelmintics.

We analysed the impact of a delay in anthelmintics 
with subsequent hospital encounters (ED visits or hospi-
talisations). Reasons for a delay in anthelmintic treatment 
are shown in Fig. 3A. Patients with a delay in anthelmintic 
therapy were found to have significantly more hospital 
encounters possibly or likely due to SANCC following 
their SANCC hospitalisation (median 1, IQR 1–2) 
compared to those without anthelmintic delay (median 0.5 
IQR 0–1 p = 0.02, Fig. 3B). The reasons for these visits are 
shown in Fig. 3C and were most commonly hydroceph-
alus or non-infectious shunt malfunction. To assess for

Fig. 2: Lumbar puncture and laboratory parameters in subarachnoid neurocysticercosis (SANCC). A) Total cerebrospinal fluid (CSF) white 
blood cell counts ([WBC] left axis, cells/mm 3 ), and relative percentage of the cell differentials (right axis, %) of 28 patients who underwent 
lumbar puncture. Four patients had CSF processed at laboratories that do not quantify eosinophils in CSF, and eosinophils are classified as 
“other cells”. However, “other cells”, likely represents a variety of cell types. One patient did not have a differential available. B) CSF protein 
and glucose (left axis, mg/dL) and opening pressure (right axis, cm of H 2 O) are shown. Hash mark denotes median. C) Results of the serologic 
or CSF testing for Taenia-specific antibodies (n = 50). ELISA, Enzyme-Linked Immunosorbent Assay; EITB, Enzyme-linked Immunoelectro-
transfer Blot.
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reporting bias in those with a delay in anthelmintic 
treatment, the number of non-SANCC hospital encoun-
ters was assessed and found to be similar between the 
groups (p = 0.36), as was the duration of follow-up be-
tween those with and without a delay in anthelmintic 
therapy (p = 0.12 [Supplemental Figure S1]).

The most common anthelmintic regimen at the 
time of discharge was combination therapy with 
albendazole and praziquantel (47.8%, n = 33 of 69), 
followed by albendazole monotherapy (29%, n = 20). All 
but one patient received corticosteroids in addition to 
anthelmintics. No anthelmintic was prescribed at the 
time of hospital discharge in 18.8% (n = 13) for varied

reasons (Supplemental Table S3). Patients were not 
prescribed one or both anthelmintics in 8.6% due to 
cost, typically with further arrangements to be made as 
an outpatient. Combination therapy was desired but not 
utilised in 4.3% (n = 3) of patients due lack of drug 
availability in the pharmacy. Patients were discharged 
on monotherapy with the available alternative agent in 
these cases.

The influence of coexisting ventricular and non-
calcified parenchymal NCC on treatment was exam-
ined. Thirteen out of 69 patients underwent surgical 
cyst extraction for therapeutic purposes, only 4 of which 
had ventricular NCC. There was no difference in the

Fig. 3: Delays in anthelmintic treatment and subsequent SANCC-related hospital encounters. A) Description of those patients with a 
delay in commencing anthelmintics. Out of 59 patients without a known history of extraparenchymal NCC, 18 met our definition for a delay 
in diagnosis. Patients could have more than one previous hospitalisation and diagnosis. Meningitis diagnoses included presumed crypto-
coccal, coccidiomycosis, tuberculosis, viral, and bacterial. Some patients treatment for multiple different presumptive meningitis etiologies. 
Out of the full 69 patient cohort, 6 were initially managed without anthelmintics. B)Sixty-five patients had more than 60 days of follow-up 
after their hospitalisation for SANCC, including 23 patients with a delay in anthelmintics. Compared to 42 patients who did not experience a 
delay in anthelmintics, those that did have a delay had significantly more SANCC-related Emergency Department (ED) visits or hospital-
isations following their SANCC hospitalisation. C) Reasons and numbers of SANCC-related subsequent hospital visits are listed. Seizures were 
considered unrelated to SANCC if due to coexisting parenchymal NCC. Steroid related symptoms were steroid-related myopathy (n = 3) and 
gastritis (n = 1). Additional details on hospital visits unrelated to SANCC can be found in Supplemental Data.

Clinical Presentation Imaging

Symptom n (%) Median duration of 
symptoms, weeks (IQR)

MRI finding a n (%)

Headache 46 (78) 8 (2.5–39.5) Ventriculomegaly 34 (57.6)
with nausea/vomiting 28 (47.5) Cysts in the basilar cisterns b 40 (67.8)
with dizziness 24 (40.7) Sylvian Fissure cysts 23 (38.9)
with blurry vision 21 (35.6) Absence of parenchymal calcifications

or cysts 
29 (49.1)

Focal neurologic symptoms 14 (23.7) 7 (1–42) Lacunar infarct 6 (10.2)
Hemiparesis, with or without dysarthria 7 (11.9) Large vessel infarct, aneurysm, or

subarachnoid haemorrhage 
3 (5.1)

Difficulty walking and urinary incontinence 3 (5.1) Lumbosacral spine cysts or arachnoiditis 8 (33.3) c

IQR, interquartile range; MRI, magnetic resonance imaging. a See Supplemental Table S2 for complete MRI findings for full dataset. b Includes quadrigeminal, pre-pontine/ 
medullary, cerebellopontine/medullary, interpeduncular, suprasellar cisterns, stalk of the sylvian fissure. c 8 Out of 24 patients with a complete spine MRI.

Table 2: Prevalence of the most common features of SANCC in 59 patients without a prior diagnosis.
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frequency of surgical extraction of cysts for therapeutic 
purposes in those with ventricular cysts as compared to 
those without ventricular cysts (p > 0.999, odds ratio 
[OR] 1.11, 95% confidence interval [CI] 0.34–3.8). 
However, the median year of hospitalisation for the 20 
patients with ventricular disease was 2016. Prior to 
2018, 6.25% (1 of 16) ventricular cases underwent 
therapeutic cyst removal, but this increased to 75% (3 of 
4) after 2018 (p = 0.013, OR 45, 95% CI 1.79–599).

Duration of anthelmintic therapy and use of corti-
costeroids in the 50 patients with complete data was 
compared for those with and without ventricular cysts 
and was not statistically significantly different (median 
10.5 weeks and 21 weeks, p = 0.086, 95% CI of differ-
ence −1 to 50 weeks and median of 9 weeks and 16 
weeks, p = 0.268, 95% CI of difference −4 to 22 weeks, 
respectively). Similarly, those with concurrent non-
calcified parenchymal NCC did not have a statistically 
significantly different duration of anthelmintics (mean 
32 weeks) compared with those without concurrent 
non-calcified parenchymal NCC (mean 51.9 weeks, 
p = 0.27, [95% CI −16.49–56.3]), nor a difference in 
corticosteroid use (median 9 weeks and 14 weeks, 
respectively, p = 0.09, 95% CI −1–25 weeks).

Fifty-two of 69 patients had more than 60 days of 
follow-up data and completed the intended course of 
therapy. There was one death during the follow-up 
period due to COVID-19. Eight (12.5%) were docu-
mented to have disease recurrence during the follow-
up period, defined as the appearance of new cysts on 
follow-up imaging (n = 7), or a worsening of previ-
ously visualised leptomeningeal disease and symp-
toms prompting re-initiation of treatment (n = 1). 
SANCC recurrence occurred a median of 2.3 years 
following SANCC hospital discharge (IQR 1.0–2.9 
years).

Fifty patients had data on what guided anthelmintic 
duration (Fig. 4). While the majority (n = 34, 68%) of 
patients had their symptoms taken into account in 
determination of the duration of their anthelmintic 
course, it was rare (n = 1, 2%) where this was the only 
factor driving treatment length. Use of blood TsAg and/ 
or qPCR (T. solium [Ts] biomarkers) was infrequent 
(n = 4, 8%) and in all cases the patients also had CSF Ts 
biomarkers. Therefore, patient symptoms and blood Ts 
biomarkers were not considered further as independent 
variables. Of these 50 patients, treatment length was 
guided by normalisation of brain imaging in 14 (28%), 
by CSF Ts biomarker in 13 (26%), both normalisation 
of imaging and CSF Ts biomarkers in 4 (8%), a fixed 
duration in 14 (28%), and other factors in 5 (10%). 
Patients whose treatment duration was guided by CSF 
Ts biomarker negativity had a significantly decreased 
risk of disease recurrence (0% of 17) compared with 
those whose treatment duration did not include the use 
of CSF Ts biomarkers to guide treatment course (n = 8 
of 33, 23%, p = 0.039, odds ratio [OR] 95% CI 0.0–0.84).

Conversely, those whose treatment was guided by MRI 
normalisation did not have a decreased risk of recur-
rence (n = 3 of 20, 15%) compared to those whose 
treatment was not guided by MRI normalisation (n = 5 
of 30, 16.67%, p > 0.9, OR 0.88 95% CI 0.22–4.19). The 
median time on anthelmintics where CSF Ts bio-
markers were used to guide therapy was 56 weeks (IQR 
29.5–113.5 weeks), significantly longer than in patients 
whose treatment was prescribed for a fixed duration 
(median of four weeks, IQR 2–9 weeks, p = 0.0002). 
However, anthelmintic length in patients managed by 
following CSF Ts biomarkers was not significantly 
different than the length of therapy guided by MRI 
normalisation (median 55 weeks, IQR 10–156 weeks, 
p = 0.46). There was no significant difference in follow-
up duration between the management groups that 
could account for differences in recurrence reporting 
(Supplemental Figure S2). Contingency analysis did not 
show a statistically significant difference in SANCC 
recurrence rates in reporting sites utilising CSF Ts 
biomarkers during this study (n = 4, 11.1%) compared 
with those that did not utilise CSF Ts biomarker use 
during this study (n = 4, 16.7%, p = 0.7, OR 0.63, 95% 
CI 0.2–2.4). However, there is a non-significant differ-
ence in these recurrence rates, and given the small 
sample size, a true difference in recurrence rates in 
sites utilising CSF Ts biomarkers compared to sites that 
did not utilise biomarkers cannot be ruled out as a 
confounder. There was no significant difference in 
duration of corticosteroid use between treatment 
guided by CSF Ts biomarkers (median 40 days, IQR 
14–60) compared to those where normalisation of im-
aging was used to stop treatment (median 18 days, IQR 
5.5–60, p = 0.285). However, patients whose treatment 
was a fixed duration of anthelmintics did have a sta-
tistically significantly shorter course of corticosteroids 
(median 5 days IQR, 2.8–16 days) compared with those 
where CSF Ts biomarkers (median 40 days, IQR 14–60, 
p = 0.001) or normalisation of imaging (median 18 
days, IQR 5.5–60, p = 0.02) guided anthelmintic length 
(Supplemental Figure S3). Results assessing whether 
the six-month post-hospitalisation brain MRI is asso-
ciated with disease outcomes are found in the 
Supplemental Data.

We did not find a significant effect of sex on 
recurrence rates (female 5.6%, n = 1 of 18; male 20.6% 
n = 7 of 34, p = 0.24) or delays in anthelmintics (female 
61.1% n = 11 of 18; male 38.2% n = 13 of 34, 
p = 0.149).

Outpatient follow-up was available for 51 patients 
following the intended course of therapy, a median of 
2.5 years following hospitalisation, IQR 0.94–4.0 years. 
At this visit 59% reported chronic symptoms. At final 
visits, the most common residual symptoms were 
headache (29%), chronic dizziness (16%), and cognitive 
complaints (14% [Supplemental Figure S4]). Cumula-
tive prevalence of ventriculomegaly in this cohort was
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82% (57 of 69) detected at some point during their care. 
Other less common but serious cumulative complica-
tions in this cohort were lacunar cerebral infarcts in 
seven (10%), large vessel infarcts in five (7%), sub-
arachnoid haemorrhage in two (3%), and brain herni-
ation in one patient (1.4% [Supplemental Table S4]).

Discussion
Relapsing and remitting meningoencephalitis has long 
been described as a manifestation of NCC that we now 
call SANCC. 19 Only recently, however, has the reason 
for the relapsing nature of the disease been ascribed to 
the presence of stem cells in the tegument of SANCC 
cysts, enabling the formation of new cysts over time 
without repeat exposure. 5,20 While there have been sin-
gle centre series describing success in SANCC man-
agement, 7,12 to our knowledge this is the first study that 
compares different anthelmintic treatment strategies 
and their influence on SANCC recurrence rates. Most 
prior studies examining SANCC treatment have short

follow-up periods and are not designed to assess for 
disease recurrence. Here we describe a 12% recurrence 
rate, conservatively defined as new cyst appearance on 
imaging or worsening radiographic disease with con-
current symptoms during and a median follow-up 
period of just over two years. A prior smaller case se-
ries reported recurrence rates of 3 individuals out of 34 
(9%), but two patients were judged to have recurrences 
based on increase in CSF antigen alone. 12 The relative 
low recurrence rate in this prior study may be attributed 
to the prevailing management at this centre by 
continuing anthelmintics until negativity of the CSF 
antigen. Here we demonstrate a decreased odds of 
SANCC recurrence when CSF Ts biomarkers are used 
to guide treatment. While studies have demonstrated a 
reduction in size of subarachnoid cysts on imaging 
within the first few months of anthelmintic ther-
apy, 12,21,22 using MRI to determine durable cure can be 
more complicated. Once cysts have collapsed and no 
longer cause mass effect, 3D volumetric MRI sequences 
are required to avoid missing small or collapsed cysts. 23

Fig. 4: SANCC recurrence in various treatment approaches and length of anthelmintic therapy. Fifty patients completed the intended 
course of anthelmintic therapy and had information on what guided treatment duration; eight experienced SANCC recurrence during follow-
up. A) Comparison of those that experienced a recurrence using CSF Ts biomarkers to guide duration of anthelmintics with those patients 
whose treatment did not. B) Comparison of those who experienced a recurrence using MRI normalisation to guide duration of anthelmintics 
with those patients whose treatment was not determined by MRI normalisation. Red denotes patients with SANCC recurrence, black denotes 
patients without SANCC recurrence. C)The duration of cumulative anthelmintic therapy used (albendazole and/or praziquantel) during follow-
up period for the 50 with treatment duration available is shown for each treatment strategy. Four patients whose treatment was guided both 
by MRI normalisation and Ts CSF biomarkers is shown with the CSF biomarker group. Two patients whose treatment course was guided both 
by imaging and a fixed course are shown with the imaging group. An additional five patients were managed by other strategies, including 
stabilisation of imaging (n = 3), patient symptoms only (n = 1), and one had premature halting of anthelmintic therapy. Closed circles 
represent no SANCC recurrence, open squares represent patients who experienced SANCC recurrence. Line and error bar represent geometric 
mean and 95% CI.
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Conversely, scarring and CSF loculations seen on 3D 
volumetrics and standard MRI sequences can give the 
appearance of persistent cysts despite sterile cure, and 
localised enhancement can last for years. 8 In the context 
of these challenges, it is not surprising that recurrence 
rates in this study were similar in patients whose 
treatment was guided by MRI normalisation as those 
who did not. Moreover, this approach lead to a median 
of over a year of anthelmintic therapy, similar to those 
whose treatment was guided by CSF Ts biomarkers. 
The decreased relapse rate in the CSF Ts biomarker 
group suggests individualised approach is likely 
required to achieve durable cure, and this testing can 
assist in identifying the patients where longer courses 
are required, and also enable truncated courses in some 
patients that appear to have viable cysts, but in fact may 
have are areas scarring trapping CSF loculations.

SANCC is typically regarded as the most difficult to 
treat form of NCC, and thus for patients with multiple 
forms of NCC, treatment duration is usually driven by 
SANCC. Similarly, we found no significant difference 
in duration of anthelmintic or corticosteroid treatment 
in those with and without coexisting ventricular NCC, 
and those with and without coexisting non-calcified 
parenchymal NCC. Per guidelines published in 2018, 2 

it is recommended that, if possible, intraventricular 
cysts be managed with surgical extraction before start-
ing anthelmintics so as to avoid the risk of obstruction 
or ventricular entrapment. While we found no differ-
ence between therapeutic cyst removal in those with 
and without ventricular cysts in the cohort as a whole, 
management appeared to change over time. Following 
the year of guideline publication there was a statistically 
significant increase in therapeutic cyst removal for pa-
tients with ventricular disease compared to years prior, 
likely reflecting management change as a result of 
guideline publication.

Studies prior to the advent of anthelmintics suggest 
that symptomatic management of SANCC-related hy-
drocephalus with shunt placement alone leads to a high 
complication rate and a fatality rate of 40–50%, 4 mostly 
due to complications of infectious or non-infectious 
shunt failure. More recent data suggest that anthel-
mintic therapy 24 and corticosteroids 25 may reduce NCC-
related shunt failure. We found that those with a 
substantial delay in anthelmintic use, as evidenced by a 
missed diagnosis of SANCC, or an initial treatment 
strategy directed only at symptom management 
(e.g. shunt placement, cyst removal), had significantly 
more subsequent hospital encounters than those that 
did not experience a delay in anthelmintics. The types 
of SANCC-related hospital encounters that were 
increased in the delayed anthelmintic group (non-in-
fectious shunt malfunction, new hydrocephalus, 
SANCC recurrence, severe CNS symptoms, stroke) 
suggest that the disease may become more difficult to 
treat with an increase in inflammation-driven

complications when there is a substantial delay in 
anthelmintic treatment. Improved treatment response 
with a low relative intracranial cyst volume has been 
reported, 7 supporting the hypothesis that early diag-
nosis could render disease easier to treat. Whether early 
diagnosis and treatment can prevent the eventual 
development of hydrocephalus in SANCC remains an 
important question.

Access to care is an additional consideration for 
timely anthelmintic use. Both albendazole and prazi-
quantel have been subject to tremendous price in-
creases in the United States in recent years. 26–28 Nearly 
13% of patients in this cohort had difficulty accessing 
medications at hospital discharge due to cost or drug 
shortages.

SANCC is likely an under-recognised entity in pa-
tients, particularly in non-endemic areas where there is 
less awareness of the diagnosis. Besides the 31% who 
had a prior hospital encounter for hydrocephalus or 
increased intracranial pressure, stroke, meningitis, 
brain mass, or transient ischaemic attack without 
consideration for SANCC, more than half of patients 
already carried a diagnosis of headaches before they 
were diagnosed with SANCC. Three dimensional 
balanced gradient echo MRI sequences have been 
shown to greatly increase the sensitivity of detecting 
subarachnoid cysts, and should be utilised in sus-
pected cases. 23 It is possible that under-utilisation of 
3D volumetric sequences, which must be specifically 
asked for by suspecting clinicians, may have contrib-
uted to the delay in diagnosis in this cohort. Here we 
found that 67% of patients who underwent lumbar 
puncture had detectable eosinophils in the CSF, albeit 
typically not the most predominant cell type. Given 
the rarity of the presence of eosinophils in most 
neuroinflammatory and infectious aetiologies, and the 
high prevalence of cysticercosis worldwide, SANCC 
should be considered in any patient from an endemic 
area with the presence of eosinophils in the CSF. 
Importantly, the presence of non-inflammatory CSF 
does not rule out the presence of SANCC, and 
conversely CSF cell counts can occasionally rise above
500 cells/mm 3 .

There are several limitations to this study. As a 
retrospective study, while attempts were made to limit 
and assess for bias in the dataset, it is inherent in this 
type of study. The median follow-up period was just 
over 2 years, which was just under the median time to 
SANCC recurrence. While this follow-up period re-
mains longer than many SANCC series, uncaptured 
recurrences may have occurred after their final recor-
ded follow-up. Given the small number of total patients 
in this cohort, regression analyses were not performed 
and so adjustment for confounders was not possible. 
Institutions utilising CSF Ts biomarkers to guide 
treatment may have been more experienced in the 
management of SANCC, confounding the driver of
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decreased recurrence rates. However, contingency 
analysis comparing sites that used CSF Ts biomarkers 
with those that did not showed no statistically signifi-
cant difference in recurrence rates. Presentations to 
other healthcare facilities for SANCC-related illnesses, 
and non-emergent complications addressed during 
subsequent outpatient office visits were missed in this 
data set. Radiologic recurrences in the pre-symptomatic 
period in patients not routinely being imaged would 
have also been missed. The finding that there was no 
difference between treatment duration between pa-
tients where CSF Ts biomarkers were used compared to 
those where imaging guided therapy may indicate un-
accounted for confounders. Type 1 error due to the 
large number of comparisons, and type 2 errors due to 
a small sample size cannot be excluded. We did not 
systematically collect adverse reactions to anthelmintic 
or corticosteroid treatments. While we collected data on 
symptoms documented at the final outpatient follow up 
visit, the degree of disability and impact on quality of 
life would not be able to accurately be extrapolated in 
this study. Prospective studies will be needed to better 
understand how SANCC affects quality of life and long-
term disability.

In conclusion, this study suggests that early diag-
nosis and treatment may decrease SANCC-related 
hospital visits, and use of CSF Ts Biomarkers in guid-
ing anthelmintic therapy may prevent SANCC 
recurrences. Larger and prospective randomised-
controlled trials are needed to confirm these findings 
and determine the optimal use of corticosteroids and 
steroid-sparing agents in treating SANCC.
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