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Abstract

Background

Sparganosis is a parasitic infection caused by the plerocercoid larvae of Spirometra man-
soniin East and Southeast Asia. The plerocercoid larvae sometimes invade the encepha-
lon, resulting in severe cerebral sparganosis. Surgical removal of the larvae is considered a
standard therapy for cerebral sparganosis. In contrast, the efficacy and safety of long-term,
high-dose praziquantel treatment for cerebral sparganosis have not been explored.

Methodology/Principal findings

In this multicenter retrospective study, we assessed the records of 96 patients with cerebral
sparganosis who consulted at three medical centers from 2013 to 2017. Forty-two patients
underwent surgical lesion removal, and the other 54 patients received long-term, high-dose
praziquantel (50 mg/kg/day for 10 days, repeated at monthly intervals). The primary outcome
was the complete disappearance of active lesions on cerebral magnetic resonance imaging.
The secondary outcomes included the modified Rankin scale score at 90 days, incidence of
seizure, eosinophil count, and serological Spirometra. mansoni antibody titer. The efficacy of
praziquantel treatment was similar to that of surgical lesion removal for cerebral sparganosis
with respect to both the primary outcome and secondary outcomes. Although binary logistic
regression models also supported the primary outcome after adjustment for age, sex, lesion
location, and loss to follow-up, some unavoidable confounders might have biased the statisti-
cal power. No significant clinical complications or laboratory side effects occurred in the prazi-
quantel group with the exception of a relatively benign allergic reaction.

Conclusions/Significance

In this small-sample, nonrandomized, retrospective exploratory study, some patients with
cerebral sparganosis were responsive to long-term, high-dose praziquantel with an efficacy
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similar to that of surgical lesion removal. These findings increase the treatment flexibility for
this serious infection.

Author summary

Sparganosis is most prevalent in developing countries in East and Southeast Asia, proba-
bly because public health strategies have not prioritized its prevention. The plerocercoid
larvae of Spirometra mansoni sometimes invade the brain parenchyma, resulting in cere-
bral sparganosis. In general, surgical removal of the larvae is considered a standard ther-
apy for cerebral sparganosis. One alternative treatment for sparganosis is short-term, low-
dose praziquantel, which has had limited success. However, the efficacy and safety of
long-term, high-dose praziquantel treatment for cerebral sparganosis have not been
explored. In this study, we evaluated the effectiveness of long-term, high-dose praziquan-
tel for treatment of cerebral sparganosis in China. We conducted a retrospective explor-
atory study using routinely recorded data from 96 patients at three medical centers. Forty-
two patients underwent surgical lesion removal, and the other 54 patients received long-
term, high-dose praziquantel. Treatment of cerebral sparganosis by long-term, high-dose
praziquantel showed an efficacy similar to that of surgical lesion removal with respect to
the primary outcome (complete disappearance of the active lesions on cerebral magnetic
resonance imaging). However, this was a small-sample, nonrandomized retrospective
study, and the results should be further confirmed by a large-sample prospective study or
other studies.

Introduction

Sparganosis is a type of parasitic zoonosis associated with infection by the larval cestode of
Spirometra mansoni [1]. Most cases have been reported in East and Southeast Asian countries,
especially in China [2], South Korea [3], Japan [4], and Thailand [5]. Humans become infected
with Spirometra mansoni by drinking water contaminated with procercoid-infected copepods,
eating undercooked meat of snakes or frogs infected with Spirometra mansoni, or applying the
flesh or skin of an infected frog or snake to poultice open wounds [1, 6]. The plerocercoid
larva usually affects the subcutaneous tissue or muscle in a human host [7]. However, it can
also sometimes invade the encephalon, resulting in severe cerebral sparganosis [8, 9], which
can be manifested as headache, seizure, limb paralysis, aphasia, cognitive disorder, and other
focal neurological deficits [10, 11]. Characteristic magnetic resonance imaging (MRI) findings
such as aggregated ring-like enhancement, the tunnel sign, and wandering lesions are very use-
ful in the diagnosis of cerebral sparganosis [12].

Although surgical removal of the parasite has been considered standard therapy [13], failure
of this treatment in some cases has also been reported [14, 15]. Surgical lesion removal has
been considered the first-line therapy for cerebral sparganosis just because treatments with
anthelmintics, including praziquantel, have been described as ineffective [16, 17]. Since prazi-
quantel was first introduced as a broadspectrum antiparasitic drug in 1975, it has been proven
to be a successful treatment for the majority of human infections by trematodes and cestodes
including schistosomiasis, clonorchiasis, paragonimiasis, taeniasis, and cysticercosis [18].
However, the efficacy of praziquantel therapy for cerebral sparganosis remains controversial.

PLOS Neglected Tropical Diseases | https://doi.org/10.1371/journal.pntd.0006918  October 22, 2018 2/14


https://doi.org/10.1371/journal.pntd.0006918

@' PLOS NEGLECTED
2 : TROPICAL DISEASES Praziquantel for cerebral sparganosis

Some patients who received conventional-dose praziquantel (25mg/kg/day for 3 days) alone
experienced a worsening of their clinical condition [19].

In 2012, our group reported that three patients with cerebral sparganosis showed good ther-
apeutic responsiveness to high-dose praziquantel (50 mg/kg/day for 10 days) [9]. In 2013,
Roman et al. also found that high-dose praziquantel treatment (75 mg/kg/day for 7 days) was
efficacious in a patient with inoperable cerebral sparganosis [20]. Cerebral sparganosis is a
severe and disabling disease, but public health strategies have not prioritized its prevention
and treatment. Therefore, investigation of the efficacy and safety of high-dose praziquantel
treatment for cerebral sparganosis is important because the drug treatment may be convenient
and cost-effective. In this study, we compared the efficacy and safety of long-term, high-dose
praziquantel with surgical removal in the treatment of cerebral sparganosis. Our results
showed that most patients with praziquantel therapy achieved favorable outcomes during fol-
low-up.

Materials and methods
Ethics statement

All patient data were anonymized in the manuscript and database. Because of the uncertainty
of the efficacy and safety of long-term, high-dose praziquantel treatment for cerebral sparga-
nosis, the routine clinical procedure was evaluated and approved by the institutional ethics
review board of the First Affiliated Hospital of Nanchang University (approval number:
2013-06).

Study design

This was a multicenter retrospective study using data collected by physicians monitoring
patients with cerebral sparganosis in three academic medical centers: the First Affiliated Hos-
pital of Nanchang University, Peking University People’s Hospital, and Jiangxi Provincial
Institution of Parasitic Diseases. The primary objective of this research was to evaluate the effi-
cacy and safety of long-term, high-dose praziquantel treatment (50 mg/kg/day for 10 days,
repeated at monthly intervals) for cerebral sparganosis compared with surgical therapy.
Because of the successful experience in our clinical centers before 2012 [9], we established a
routine clinical procedure for cerebral sparganosis under the supervision of Drs. Hong, Xie,
and Wan in the three medical centers at the end of 2012. Therefore, the clinical charts and
imaging data were relatively complete in the retrospective review, but a quantitative assess-
ment of the pretreatment disease severity was absent.

Patient grouping

All consecutive patients with cerebral sparganosis from January 2013 to December 2017 were
retrospectively retrieved from the database. The patient list was compiled by searching the
electronic medical records using the International Classification of Diseases Tenth Revision
(ICD10) discharge code B70.151. The inclusion criteria included: (1) patients showed cerebral
symptoms associated with at least one structural lesion; (2) patients had definite evidence of
sparganum infection that was proven by immunopositivity to Spirometra mansoni antibody in
both serum and cerebrospinal fluid (CSF) tests and/or pathological evidences; (3) patients
underwent follow-up cerebral MRI and serological immunological tests in our centers. The
exclusion criteria included: (1) patients lost to follow-up; (2) patients with severe cardio-pul-
monary dysfunction, resulting in contra-indication for surgery; (3) patients with severe liver
and/or renal dysfunction, resulting in contra-indication for surgery or praziquantel treatment;
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(4) patients with surgical lesion removal, who had initially received praziquantel; (5) patients
with praziquantel formula treatment after surgical lesion removal.

The patients were classified into a surgical therapy group and long-term, high-dose prazi-
quantel therapy group according to the following principles. All patients initially received a
detailed clinical assessment, followed by medical education about cerebral sparganosis in
order to enable an informed decision regarding the choice of either praziquantel treatment or
surgical treatment themselves. The physicians did not make a decision regarding treatment
options for them, except patients with multiple lesions who would directly receive praziquantel
treatment. The final treatment plan was chosen according to the willingness of the patients or
their legal guardians. The disease severity and high-risk lesions located at some important
brain regions might have been overemphasized in some communications, but the proportion
could not be determined in the retrospective study. However, high-risk lesions were not con-
sidered an operative contra-indication because our neurosurgeons had excellent technical
skills and experience for the operation. The main reasons for opting for long-term, high-dose
praziquantel treatment were refusal to undergo surgery, lesions located at important func-
tional areas of the brain, and initial tentative therapy (i.e., some patients wanted to try two
cycles of praziquantel treatment, and subsequently underwent surgical lesion removal if a posi-
tive therapeutic outcome was not obtained).

Variable evaluation

The clinical variables evaluated in this study were age, gender, epidemiological history, head-
ache, seizure, hemiparesis, and aphasia. The epidemiological history was judged by whether
the patients had been infected with Spirometra mansoni by drinking water contaminated with
procercoid-infected copepods, eating undercooked meat of snakes or frogs infected with Spiro-
metra mansoni, or applying the flesh or skin of an infected frog or snake to poultice open
wounds. The laboratory variables were the cerebral MRI characteristics (aggregated ring-like
enhancement, the tunnel sign, lesion migration, high-risk lesions, and multiple lesions), blood
eosinophil percentage, and serological and CSF levels of antibodies for a panel of parasitic
infections including spirometra mansoni, schistosoma japonicum, cysticercosis, paragonimiasis,
clonorchiasis, toxoplasmosis, and echinococcosis. Aggregated ring-like enhancement refers to
conglomerate ring-shaped enhancing lesions on MRI, usually three to six bead-shaped rings
(SIA Fig). The tunnel sign is about 4 cm in length (usually 2-6 cm) and 0.8 cm in width (usu-
ally 0.5-1.5 cm), and exhibits marked enhancement on coronal and sagittal contrast MRI (S1B
Fig). Lesion migration indicates the presence of new and old lesions in different cerebral loca-
tions due to the migration of larva (S1C and S1D Fig). Multiple lesions are defined as the exis-
tence of at least two active lesions located at different encephalic regions. A high-risk lesion is
alesion located at an important functional area of the brain, including the brain stem, thala-
mus, and precentral gyrus. The Spirometra mansoni IgG antibody titer was expressed as the
optical density value on microplate enzyme-linked immunosorbent assay. The cut-off value of
the optical density was 0.30 as determined by normal human serum in our laboratory.

Therapeutic strategy

Surgical removal of lesions included two types of clinical procedures: craniotomy and CT-
guided stereotactic aspiration. After the surgery, the patients were routinely administered with
low-dose praziquantel (50 mg/kg/day for 4 days) to prevent possible residual infection. In the
praziquantel treatment group, the patients were initially treated with 50 mg/kg/day in three
divided doses for 10 days, and the treatment cycle was then repeated at monthly intervals, until
the active lesions had completely disappeared on MRI. The MRI scan was performed at the
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beginning of the next treatment cycle. The maximum number of repetitive cycles of prazi-
quantel administration could not exceed eight cycles. If more than eight were needed, the
patient would be treated by surgery. If a patient developed an allergic or hypersensitive reac-
tion during therapy course, 5 mg/day of dexamethasone was intravenously administered for
no more than five days.

Efficacy assessments

The clinical manifestations of cerebral sparganosis were closely related to the site of the lesions,
and the clinical prognosis was significantly associated with the recovery of granulomatous
lesions. Active ring-like or tunnel-like enhancements represented the direction of active
inflammatory tunnels in different dimensions. Therefore, the primary efficacy endpoint was
defined as the disappearance of active lesions on contrast MRI. All patients underwent an MRI
scan before the treatment. The surgical patients underwent a follow-up MRI at one month
postoperatively. The patients treated by praziquantel underwent an MRI scan at the beginning
of each treatment cycle. If the active lesions disappeared, the praziquantel treatment was dis-
continued. If a patient developed neurological symptoms at any time after completion of the
treatment regimen, cerebral MRI was performed immediately. Development of a new lesion
after the active lesions had disappeared was defined as treatment failure.

The secondary efficacy endpoints were the clinical outcome assessed by the modified Ran-
kin scale (mRS) score 90 days after the end of the treatment, the incidence of seizure, the eosin-
ophil count, and the serological Spirometra mansoni antibody titer. The mRS is a 7-point scale
ranging from 0 (no symptoms) to 6 (death). A score of <2 indicates functional independence.
A seizure was defined as a clinical event occurring after the end of treatment regardless of
whether seizures existed before treatment. The eosinophil count was determined at the end of
treatment, and the number of patients with an eosinophil percentage of >5% was counted.
Serological titers were only compared between the beginning and the end of treatment.

Safety assessments

The clinical symptoms assessed in this study were vital signs, headache, dizziness, sleepiness,
abdominal pain, diarrhea, and any reported adverse events. The laboratory indices were hema-
tology parameters, alanine aminotransferase, aspartate aminotransferase, blood creatinine,
blood urea nitrogen, urine parameters, and electrocardiography. An allergy to praziquantel
treatment for cerebral sparganosis usually manifested as fever, chills, pruritus, and urticaria
occurred in the first or second treatment cycle. Adverse events were defined as clinical symp-
toms with onset or worsening severity at or after the first dose of praziquantel until the end of
the safety follow-up (day 30).

Statistical analysis

All statistical analyses were performed using the Statistical Package for the Social Sciences 17.0
software (SPSS, Inc., Chicago, IL, USA), and a p-value of <0.05 was considered statistically sig-
nificant. Categorical variables were presented as count (percentage). Continuous variables
were reported as mean + standard deviation. The statistical significance of intergroup differ-
ences was assessed by pooled-variance and separate-variance Student’s t-test, chi-squared test,
or Fisher’s exact test as appropriate. To adjust for the confounders in this retrospective study,
several binary logistic regression models were established in a sub-analysis to identify the
outcomes.
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Results
Patient demographic and baseline characteristics

The patient disposition and analysis were depicted in Fig 1. In total, 108 patients were screened
by the discharge code, among whom 99 patients met the inclusion criteria and nine were
excluded due to loss to follow-up. Initially, 42 patients underwent surgical lesion removal, and
57 patients received long-term, high-dose praziquantel. Three patients who initially received
tentative praziquantel treatment underwent surgery when no therapeutic effects were observed
after two treatment cycles. Therefore, the surgical group comprised 42 patients and the prazi-
quantel group comprised 54 patients. There were no significant differences in demographics,
epidemiological history, clinical manifestations, or relevant laboratory data between the two
groups (Table 1 and S1 Table).

Clinical outcomes

All 42 patients in the surgery group initially underwent surgical lesion removal (24 by craniot-
omy and 18 by CT-guided stereotactic aspiration) and achieved complete lesion recovery one
month after surgery. However, three patients developed new lesions during the postoperative
follow-up: one had a new lesion in the second month after stereotactic aspiration, one reoc-
curred in the third month after craniotomy, and one reoccurred in the fifth month after
stereotactic aspiration. The treatment effects between craniotomy and CT-guided stereotactic

108 patients with cerebral sparganosis

9 patients excluded
> by loss of follow-up

Y
99 patients included

initial praziquantel group
n=57

|3 patients retreated

Y
surgical group final praziquantel group
n=42 50mg/kg/day«10d n=54

Fig 1. Flowchart of study enrollment and rationale for exclusion.

https://doi.org/10.1371/journal.pntd.0006918.9001
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Table 1. Baseline characteristics between the praziquantel and surgical treatment groups.

Variables

Age (years)

Male

Clinical features
Epidemiological history
Headache

Seizure

Hemiparesis

Aphasia

Radiological changes
Ring-like enhancement
Tunnel sign

Lesion migration
Multiple lesions
High-risk lesion
Laboratory tests
Eosinophil percentage >5%
Serological titer (OD)
CSF titer (OD)

Praziquantel group (n = 54) Surgical group (n = 42) p value®

28.02+16.67 28.88+12.77 0.784
37 (68.5%) 33 (78.6%) 0.272
10 (18.5%) 7 (16.7%) 0.814
21 (38.9%) 14 (33.3%) 0.575
40 (74.1%) 32 (76.2%) 0.812
22 (40.7%) 18 (42.9%) 0.727
11 (20.4%) 9 (21.4%) 0.899
53 (98.1%) 41 (97.9%) 1.000
45 (83.3%) 32 (76.2%) 0.384
13 (24.1%) 10 (23.8%) 0.976
5(9.3%) 0 (0%) 0.066
7 (13.0%) 4(9.5%) 0.751
30 (55.6%) 22 (52.4%) 0.757
1.81+0.83 1.65+0.81 0.355
1.25+0.47 1.13+0.53 0.240

Abbreviation: OD, optical density; CSF, cerebrospinal fluid.

* Comparison between the two groups, using pooled-variances Student’s t test, chi-squared test, or Fisher’s exact test as appropriate, except for age comparison using

separate-variances Student’s t-test.

https://doi.org/10.1371/journal.pntd.0006918.t001

aspiration were not significantly different (95.8% vs 88.9%; absolute difference, 6.9%; 95% con-
fidence interval [-23.9%, 36.9%]; p = 0.567; Fisher’s exact test).

Fifty-one patients who underwent long-term, high-dose praziquantel treatment achieved
complete lesion recovery at the end of treatment. Three patients still had active lesions after
eight cycles of praziquantel treatment, and then underwent surgical removal. Among the 51
patients, three had recurrent lesions at the third, fourth, and sixth month after recovery of the
active lesions, respectively. Among the patients who achieved successful praziquantel treat-
ment, two underwent one treatment cycle; five underwent two treatment cycles; 19 underwent
three treatment cycles; 13 underwent four treatment cycles (Fig 2); and nine required five to
eight treatment cycles (52 Table and S2 Fig). The long-term, high-dose praziquantel treatment
for cerebral sparganosis showed an efficacy similar to that of surgical lesion removal with
respect to the primary efficacy endpoint (88.9% vs. 92.9%; p = 0.727) (Table 2). Even when the
cut-off of the number of treatment cycles was set at five, the primary efficacy endpoint still
showed no significant difference between the praziquantel and surgical groups (81.5% vs
92.9%; p = 0.106). No patients in either group had a mRS score of more than or equal to 5. The
number of patients with a mRS score of <2 was similar between the praziquantel and surgical
groups. The incidence of seizures after the end of treatment was similar between the prazi-
quantel and surgical groups. The numbers of patients with an eosinophil count of >5% and
the serological Spirometra mansoni antibody titer were similar between the two groups at the
end of treatment (Table 2).

Several logistic regression models were configured to further evaluate the confounders that
may have introduced bias into this retrospective study. After adjustment for age, sex, multiple
lesions, and high-risk lesions, the long-term, high-dose praziquantel treatment showed an effi-
cacy similar to that of surgical lesion removal (Table 3 and S4 Table). Because the lesion
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initial 1st cycle 2nd cycle 3rd cycle 4th cycle
Fig 2. Dynamic cerebral MRI changes after praziquantel treatment. A 46-year-old male patient presented with left hemiplegia for
three weeks and was diagnosed as cerebral sparganosis. He was treated with praziquantel (50mg/kg/day) in three divided doses for
10 days, and then the treatment cycle was repeated with monthly intervals until the active lesion completely disappeared on
enhanced MRI. The initial enhanced MRI showed the aggregated ring-like lesions combined with severe edema at the right of
periventricular (A). After the first treatment cycle, the lesion reduced a little in size (B). After the second treatment cycle, the lesion
was obviously smaller (C). After the third treatment cycle, the lesion showed a resolution of swelling (D). After the fourth treatment

cycle, the lesion had completely disappeared (E).
https://doi.org/10.1371/journal.pntd.0006918.g002

locations was considered to be a possible major confounder causing selection bias, the patients
with multiple lesions and high-risk lesions were excluded from a sub-analysis, which showed
that the long-term, high-dose praziquantel treatment still had efficacy similar to that of surgical
removal (Table 3). Of the nine patients who were lost to follow up and thus initially excluded
from the study, six had not received any treatments after diagnosis, but the other three had ini-
tially received praziquantel for two to three cycles. Even when these three patients plus the
three retreated patients were counted as a negative primary outcome in the praziquantel
group, the sub-analysis adjusted for age, sex, multiple lesions, and high-risk lesions showed no
significant difference between the praziquantel and surgical groups (Table 3). Considering that
allergic reactions were only observed in the praziquantel group, the patients with allergic reac-
tions were excluded from the sub-analysis, which still showed that the praziquantel treatment
had an efficacy similar to that of surgical removal (Table 3).

Safety and tolerability

Six patients developed allergic reactions in the praziquantel group, but no patients developed
allergic reactions in the surgical group. Although a difference was observed in the number of

Table 2. Results of the primary and secondary efficacy outcomes between the praziquantel and surgical groups.

Outcomes ‘ Praziquantel group (n = 54) ‘ Surgical group (n = 42) ‘ p value ‘ Absolute Diff [95% CI]
Primary outcome
No active lesions after eight cycles 48 (88.9%) 39 (92.9%) 0.727 -4.0%[-23.9%, 16.2%]
No active lesions after five cycles 44 (81.5%) 39 (92.9%) 0.106* -11.4%[-24.3%, 1.6%)]
Secondary outcome
mRS at 90 days 0.726 2.1%[-18.0%, 22.1%]
0-2 50 (92.6%) 38 (90.5%)
3-4 4 (7.4%) 4(9.5%)
Incidence of seizure 8 (14.8%) 8 (19.0%) 0.581% -4.2%(-19.4%, 11.0%]
Eosinophil count (>5%) 1(1.9%) 1(2.4%) 1.000 -0.5%(-20.6%, 20.0%]
Serological titer (OD) 0.18+0.14 0.20+0.13 0.704 -0.021[-0.077, 0.049]

Abbreviation: mRS, modified Rankin scale; OD, optical density; CI, confidence interval.

* Comparison between the two groups, using Student’s t test or Fisher’s exact test, except active lesion recovery with cut-off of five cycles and incidence of seizure using

chi-squared test.

https://doi.org/10.1371/journal.pntd.0006918.t002
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Table 3. Sub-analysis of primary outcome by binary logistic regression models.

Sub-analysis Praziquantel group (m/n) Surgical group (m/n) p value OR [95% CI]
primary outcome unadjusted 48/54 39/42 0.727 1.625 [0.382, 6.920]
adjusted by two variables * 48/54 39/42 0.532 1.592 [0.371, 6.840]
adjusted by four variables ® 48/54 39/42 0.441 1.778 [0.411, 7.072]
groups without multiple lesions * 43/49 39/42 0.447 1.764 [0.409, 7.616]
groups without multiple lesions and high-risk lesion * 36/42 36/38 0.221 2.857[0.532, 15.344]
groups including additional patients ** 48/60 39/42 0.105 3.091 [0.791, 12.072]
groups without allergic patients ™ 42/48 39/42 0.358 1.989 [0.459, 8.615]

Abbreviation: OR, odds ratio; CI, confidence interval; m, number of effective cases; n, total of case number.

?, adjusted by age and gender;

®, adjusted by age, sex, multiple lesions, and high-risk lesion

*, Three patients retreated and three patients lost to follow up were counted as negative primary outcome in the praziquantel group.

*, Six patients with allergic reaction were excluded from the praziquantel group.

https://doi.org/10.1371/journal.pntd.0006918.t003

Table 4. Comparison of adverse events between the praziquantel and surgical groups.

patients with allergic reactions between the two groups (Table 4), the clinical course of the
allergic reactions was relatively benign and rapidly resolved after the administration of 5mg/
day of dexamethasone. Headache, dizziness, abdominal pain, diarrhea, and sleepiness were
also reported by the patients. The incidence of these symptoms was similar between the prazi-
quantel and surgical groups (Table 4). No differences in vital signs or electrocardiography
findings were identified between the two groups. Increases in the aspartate aminotransferase
(AST) and alanine aminotransferase (ALT) indicated a possibility of liver dysfunction, which
occurred in a small proportion of the patients in the first or second treatment cycle. The dys-
function was characterized by two- to four- fold elevation of the AST/ALT without jaundice
and was resolved by symptomatic treatment. Overall, no clinically meaningful differences in
these laboratory abnormalities were observed between the two groups (Table 4). No patients
withdrew from the study because of adverse events. Binary logistic regression models adjusted

Adverse events

‘ Praziquantel group (n = 54)

| Surgical group (n = 42)

| p value

Clinical events

Allergic reaction 6 (11.1%) 0(0.0%) 0.034
Headache 10 (18.5%) 8 (19.0%) 1.000*
Dizziness 6(11.1%) 3(7.1%) 0.508%
Sleepiness 4(7.4%) 1(2.4%) 0.382
Abdominal pain 4(7.4%) 0(0.0%) 0.129
Diarrhea 3 (5.6%) 1(2.4%) 0.629
Laboratory events
ALT increase 5(9.3%) 1(2.4%) 0.226
AST increase 6 (11.1%) 1(2.4%) 0.132
Creatinine increase 3 (5.6%) 2 (4.8%) 1.000
BUN increase 2 (3.7%) 0 (0.0%) 0.503
Proteinuria 1(1.9%) 0 (0.0%) 1.000

Abbreviation: ALT, alanine aminotransferase; AST, aspartate aminotransferase; BUN, blood urea nitrogen.

* Comparison between the two groups, using Student’s t test or Fisher’s exact test, except for headache and dizziness using chi-squared test.

https://doi.org/10.1371/journal.pntd.0006918.t004
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for age, sex, multiple lesions, and high-risk lesion further showed that these safety variables
were not different between the two groups (S5 Table).

Discussion

Cerebral sparganosis is a severe disease when the plerocercoid larva of Spirometra tapeworm
targets the central nervous system [21]. The larva damages brain tissue and gives rise to neuro-
logical function deficits caused by inflammatory attacks and the migration process [22, 23].
The natural lifetime of the larva is several decades long in some cases [24]. Therefore, eradica-
tion of the larva is the main therapeutic strategy [25]. Surgical removal is considered the first-
line treatment for cerebral sparganosis because treatment with anthelmintics, including prazi-
quantel, has been described as ineffective [16, 17]. However, both craniotomy and CT-guided
stereotactic aspiration may result in incomplete removal, especially when remnants of the sco-
lex segment are left behind after CT-guided stereotactic aspiration, resulting in larva regenera-
tion [16]. Additionally larva lesions may localize at some important functional structures, in
which cases the surgical procedure will cause severe neurological dysfunction. Thus, the surgi-
cal removal of larva has some limitations.

In this study, long-term, high-dose praziquantel resolved the cerebral lesions in 88.9% of
patients with cerebral sparganosis. Most patients with cerebral sparganosis achieved effective
treatment by praziquantel at 50 mg/kg/day for 10 days at the third or fourth treatment cycle.
The absolute efficacy rate of praziquantel was relatively lower than that of surgical removal,
but there were no significant differences in the primary efficacy endpoint (no active lesions on
MRI) and secondary efficacy endpoints (mRS score at 90 days, seizure, eosinophil count, and
serological titer) between the praziquantel and surgical groups. Quantitative assessments of
disease severity before therapy were unavailable in this retrospective study. Naturally, it was
possible that patients with milder severity whose clinical course showed little progression and
who may not need invasive surgery might select praziquantel treatment. In addition, patients
with complicated clinical course or multiple or high-risk lesions might not select surgical
removal. As a result, although there were no significant differences in the available baseline
data between the praziquantel and surgical groups, some confounders could have biased the
primary outcome. To compensate for this bias, several logistic regression models were estab-
lished to adjust for age, sex, lesion location, and loss to follow-up. These regression models
showed that praziquantel still had an efficacy similar to that of surgery, but some of these
results actually showed borderline significance and indicated a tendency toward a surgical
benefit.

Praziquantel can significantly damage and destroy the whole body of the plerocercoid
except the scolex and neck. The spargana may regenerate from the remnants of the scolex and
neck, which might be responsible for resistance to praziquantel [26]. Therefore, the therapeutic
efficacy of praziquantel for human sparganosis remains controversial. In one study, a patient
with subcutaneous sparganosis failed to recover after being treated with two praziquantel regi-
mens of 3x25mg/kgx5 days at one month interval [27]. In contrast, patients with pleural or
pericardial sparganosis were successfully cured with a regimen of 60 to 75 mg/kg/day of prazi-
quantel for three days [27,28]. For sparganosis in the central nervous system, praziquantel
treatment might be more difficult because only 1/7 to 1/5 of the drug within the plasma can
diffuse into the tissue near the larva lesions [29]. Previous studies also supported the finding
that praziquantel treatment dose not seem to have a killing effect on live worms [19]. In a
recent study, however, the larva in a patient with cerebral sparganosis was successfully eradi-
cated by high-dose praziquantel with a regimen of 3x25 mg/kg/day for seven days combined
with cimetidine (3x400mg daily) and a high-carbohydrate diet [20]. As early as 2012, we
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modified our praziquantel treatment formula to 50 mg/kg/day in three divided doses for 10
days, and then repeated this cycle at monthly intervals until the active lesions completely dis-
appeared on enhanced MRI. Our clinical data showed that most patients with cerebral sparga-
nosis were effectively treated with three or four treatment cycles. The host’s immune cells (e.g.,
granulocytes, histiocytes) and antibodies might act synergistically with praziquantel in the
treatment of tissue-invading sparganosis infections [30]. The repeated administration of prazi-
quantel might increase the probability of antigen exposure on the surface of the regenerative
worm, which might produce more immunoreactivity to attack the regenerative larva [31].
However, the detailed pharmacological mechanism needs to be investigated in further studies.

It is generally acknowledged that praziquantel is highly safe without serious adverse reac-
tions. Common adverse reactions to praziquantel are usually mild and include abdominal
pain, diarrhea, dizziness, sleepiness, and headache [32]. These clinical complications were not
significantly different between the praziquantel and surgical groups of the present study. In
rare situations, however, praziquantel might cause allergic or hypersensitive reactions in some
patients [33]. In the present study, these allergic reactions usually occurred in the first or sec-
ond treatment cycle with a benign clinical course, and were sensitive to short-term, low-dose
dexamethasone. Although some patients showed a tendency toward mild liver dysfunction in
the first two praziquantel treatment cycles, the laboratory indices showed no significant differ-
ences between the two groups. Importantly, follow-up of the patients treated with long-term,
high-dose praziquantel revealed no delayed adverse events.

This study had some limitations that need to be explicitly acknowledged. First, it was a
small-sample, nonrandomized retrospective study; thus, the statistical power was low. Cases of
cerebral sparganosis are rare, so it is necessary to include data from more medical centers. Sec-
ond, the fact that the patients made the treatment decision themselves undermined the reliabil-
ity of the results. Confounders such as the disease severity, multiple lesions, high-risk lesions,
and doctor-patient communication skills might have produced some bias with respect to the
treatment decision. Third, the clinical data were quite heterogeneous because the treatment
with praziquantel was different in each patient based on the lesion site and response. It was
impracticable to assess the outcome only once and at a fixed time to avoid biasing the results
because of ethical considerations and the pharmacological properties of praziquantel. Overall,
the outcomes of this study should be cautiously interpreted that long-term, high-dose prazi-
quantel had an efficacy similar to that of surgical removal, though the logistic regression mod-
els supported these results. Indeed, several baseline outcomes and safety indices showed
borderline significance with respect to the benefit of surgical removal of larva lesion. However,
the findings in this exploratory study involving real-world practitioners with a high level of
experience add treatment flexibility for this serious infection, and provide a basis to promote a
large-sample, randomized, prospective study of long-term, high-dose praziquantel treatment
for cerebral sparganosis in the future.

Supporting information

S1 Fig. Typical MRI characteristics for cerebral sparganosis. Aggregated ring-like enhance-
ment indicates a conglomerated ring-like enhancement, which is seen as bead shaped, usually
four to six rings, on MRI (A). The tunnel sign is about 4 cm in length (usually 2-6 cm) and 0.8
cm in width (usually 0.5-1.5 cm), which shows marked enhancement on coronal and sagittal
contrast MRI (B). Lesion migration indicates the presence of new (C) and old (D, seven
months ago) lesions in different cerebral locations.

(TTF)
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S2 Fig. The distribution of patients received praziquantel cycles. Among patients with suc-
cessful praziquantel treatment, two patients underwent one praziquantel cycle; five patients
underwent two praziquantel cycles; 19 patients underwent three praziquantel cycles; 13
patients underwent four praziquantel cycles; five patients underwent five praziquantel cycles;
two patients underwent six praziquantel cycles; one patient underwent seven praziquantel
cycles; one patient underwent eight praziquantel cycles.

(TIF)

S3 Fig. The lesion location in the group and surgical groups. No differences were found
across the 2 groups.
(TIF)

S1 Table. The demographic and baseline data between the praziquantel and surgical
groups.
(XLS)

S2 Table. The clinical outcomes data between the praziquantel and surgical groups.
(XLS)

§3 Table. The safety and tolerability between the praziquantel and surgical groups.
(XLS)

S4 Table. Logistic regression models for clinical outcomes adjusted by age, sex, multiple
lesions, and high-risk lesion.
(DOC)

S5 Table. Logistic regression models for safety variables adjusted by age, sex, multiple
lesions, and high-risk lesion.
(DOC)

S1 Checklist. STROBE checklist.
(DOC)
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