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Abstract

Neurocysticercosis, an infection of the central nervous system with the larval stage of the cestode
Taenia solium, is common in developing countries but its occurrence and management in
allogeneic hematopoietic stem cell transplantation (HSCT) has not been reported previously, to
our knowledge. We report the case of an immigrant female patient who underwent a matched-
related allogeneic HSCT for acute lymphoblastic leukemia and was incidentally found to have a
solitary viable neurocysticercosis lesion. However, despite severe immunosuppression, the size of
the cyst did not increase. More importantly, restoration of the immune system did not induce
significant inflammation or seizures. Subsequent follow-up demonstrated complete resolution of
the neurocysticercosis lesion. Thus, in the setting of HSCT, an asymptomatic patient with a single
neurocysticercosis lesion was successfully managed without the use of anthelmintics, steroids, or
anti-epileptics.
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Neurocysticercosis is an infection of the central nervous system (CNS) caused by the larval
stage of the cestode Taenia solium, commonly known as the pork tapeworm.
Neurocysticercosis is endemic in Central and Latin America, Africa and Asia, although
transmission of the infection has been reported on all continents (1). Neurocysticercosis
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ranks highest among CNS infections caused by helminth parasites worldwide, and as much
as 29% of adult-acquired epilepsy may be attributable to this disease (1-6). Infection is
acquired by ingestion of gravid segments of the adult worm, called proglottids, either from
the environment because of soil contamination of the food chain, or by infection following
direct hand-to-mouth transfer. Once exposed to gastric acid and bile, infective oncospheres
are released in the upper small intestines of the human host, penetrate the intestinal wall, and
disseminate throughout the body, including the CNS (7-10).

Immunocompromised patients, such as those undergoing hematopoietic stem cell
transplantation (HSCT), are predicted to be at increased risk for reactivation and
dissemination of some infections, such as toxoplasmosis and tuberculosis (11, 12). However,
the natural history of neurocysticercosis in the setting of transplant recipients is not well
understood. The few available reports have been published in the context of solid organ
transplantation. One renal transplant recipient and 1 liver transplant patient presented
acutely after acquiring neurocysticercosis (13-15), and in 1 case, a liver transplant patient,
who likely acquired infection years before, the disease appeared to reactivate after
transplantation (13). To the best of our knowledge, no cases of neurocysticercosis have been
reported in the context of HSCT. Given that conventional treatment for neurocysticercosis
with live parasites includes co-administration of relatively high-dose steroids with
anthelmintics (16), which would potentially interfere with HSCT outcomes, little experience
and no guidelines exist for the management of neurocysticercosis in this setting.

We report a case of a 35-year-old Hispanic woman with acute lymphoblastic leukemia
(ALL) who underwent matched-related donor HSCT and was subsequently found to have
had asymptomatic neurocysticercosis prior to her transplant. We found that conservative
management, without the use of anti-parasitic agents or corticosteroids, resulted in complete
resolution of the infection within 8 months of her transplant, without apparent sequelae.

Case report

A 35-year-old Hispanic woman, who emigrated to the U.S. from Mexico 10 years earlier,
was diagnosed with pre-B cell ALL when she presented to her primary care physician with
gum bleeding, headache, fever, and lymphadenopathy for 2 weeks. Past medical history was
significant for diabetes mellitus type Il. Her white blood cell count was 304,700, with 98%
blasts, an absolute neutrophil count of 300 cells/uL, hemoglobin 6.3 gm/dL, and platelet
count of 21,000/uL. She had a complex karyotype at diagnosis with the presence of the
Philadelphia chromosome translocation t(9;22), deletion of 8p and 9p. She underwent
emergent leukapheresis. Lumbar puncture showed 36% blasts in the cerebrospinal fluid
(CSF) and she had leukemic retinopathy on examination; magnetic resonance imaging
(MRI) of the brain and orbits did not show any evidence of leptomeningeal or parenchymal
involvement by ALL.

She underwent induction therapy similar to Children’s Oncology Group ALL protocol
(vincristine, idarubicin, prednisone, and peg-asparaginase) and CNS therapy with intrathecal
cytarabine and methotrexate. She achieved first complete remission on day 28 and
subsequent bone marrow biopsy did not show any evidence of disease. She completed 2
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cycles of consolidation therapy and was then started on maintenance dasatinib. Her
chemotherapy course was complicated with Clostridium difficile pancolitis and probable
fungal pneumonia.

She was referred for matched sibling HSCT after 3 months of consolidation therapy in a
molecular complete remission. She consented to our Institutional Review Board-approved
protocol (13-H-0144). Pre-transplant conditioning utilized fludarabine 125 mg/m2,
cyclophosphamide 120 mg/kg, and total body irradiation 1200 cGy with lung shielding to
600 cGy. She also received a cranial radiation boost with 1200cGy for her history of CNS
involvement. Graft-versus-host disease prophylaxis was instituted with single-agent
cyclosporine (levels 100-200 ng/mL) from day -6 to day +21. The graft source was CD34+
selected (4-log ex vivo T lymphocyte-depleted) peripheral blood progenitor cells from her
human leukocyte antigen-identical brother. Antimicrobial prophylaxis included ivermectin
(15 mg orally daily for 2 doses on day —8) as empiric Srongyloides prophylaxis, given
routinely to all patients with a geographic predisposition at our institute, and post-transplant
acyclovir, trimethoprim-sulfamethoxazole, and voriconazole. She engrafted fully and
achieved complete donor CD3+ lymphoid and myeloid chimerism at 3 weeks post
transplant.

The post-transplant course was complicated by C. difficile colitis, cytomegalovirus
reactivation, BK virus hemorrhagic cystitis, and Klebsiella pneumoniae urosepsis. She
developed an altered mental status on day +130 associated with blurring of vision. These
symptoms resolved spontaneously the next day, and were later attributed to corticosteroids
administered as treatment for a rash the previous day. During the evaluation of her altered
mental status, an MRI of the brain with contrast (Fig. 1B) showed a small extra-axial cystic
structure (1.2 cm x 2 cm) overlying the left precentral gyrus with a thin irregularly
enhancing rim. Minimal mass effect on the adjacent gyri was observed, but no edema or
parenchymal invasion were noted. The cyst contents were isointense to CSF both on T1- and
T2-weighted MRI images (Fig. 1B, E). A small eccentric T1 hyperintense structure was
identified in the cyst, forming an incomplete circle. The overall appearance was highly
suggestive of a neurocysticercosis cyst with an identifiable scolex, or “head” of the parasite
(Fig. 1H, J). No calcifications were noted on computed tomography scan examination
performed at the same time as the second MRI scan.

At that point, careful review of an initial MRI performed 10 months before HSCT showed
that the cystic structure with scolex was present, but was smaller in size (Fig. 1A, D, G).
Lumbar puncture revealed mild pleocytosis upon CSF analysis (red blood cells 4/mm3,
white blood cells 13/mm3, lymphocytes 87%, other cells 13%, protein 31 mg/dL, and
glucose 60 mg/dL) with no evidence of a leukemic, bacterial, or viral infection. Serum and
CSF immunoblot assay (an enzyme-linked immunoelectrotransfer blot [EITB] assay
performed at the Centers for Disease Control and Prevention [CDC], Atlanta, Georgia,
USA) were positive for T. solium antibodies.

Ophthalmologic evaluation ruled out retinal cysticercosis, revealing only non-proliferative
diabetic retinopathy. Because of concern for a potential negative impact of corticosteroids
on elimination of residual leukemia, conventional anthelmintic therapy and corticosteroids,
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the latter required to suppress post-treatment pericystic inflammation, were withheld and a
strategy of watchful observation was adopted. Anti-epileptic therapy was deferred because
of the subarachnoid location of the cyst and the absence of parenchymal lesions.

In the following weeks, trends in absolute lymphocyte counts and eosinophil counts,
indicated successful immune reconstitution (Fig. 2). Repeat MRI 4 months after initial
diagnosis of neurocysticercosis demonstrated interval spontaneous resolution of the
previously identified cyst and scolex (Fig. 1C, F), leaving a small amount of residual signal
abnormality on T2 and FLAIR weighted images in the adjacent gyrus, suggestive of residual
gliosis (Fig. 11).

Discussion

Although the true prevalence of neurocysticercosis is unknown, it is the most common
helminthic infection of the brain and a major cause of seizures worldwide (17).
Neurocysticercosis is highly endemic in areas of Latin America, Asia, and Africa, and
increased immigration from these areas has resulted in an increased frequency of
neurocysticercosis in developed countries (18). The prevalence of neurocysticercosis both in
the US and worldwide is very likely underestimated, given the number of asymptomatic
infected individuals, lack of availability of standard diagnostic tests in endemic countries,
and reluctance of patients to seek medical attention because of the stigma associated with
epilepsy in many societies.

Neurocysticercosis can mimic a large variety of neurologic syndromes, depending on the
region of the CNS affected. Patients with parenchymal disease most frequently present with
epilepsy (18-20). Patients with subarachnoid or ventricular neurocysticercosis, may develop
hydrocephalus because of ventricular outlet obstruction (21), and frequently have spinal
cord involvement (22). Vascular compromise and strokes have also been reported in
subarachnoid neurocysticercosis located in close proximity to major intracranial vessels
(23). Cysts in the Sylvian fissures can grow to large sizes (>10 cm), because of pressure than
with parenchymal cysts (24).

The diagnosis of neurocysticercosis is based on clinical presentation, cross-sectional
imaging, and evidence of anti-parasite antibodies or parasitic antigens (8, 19, 20, 25).
Computed tomography scan and MRI provide information on the location, number, and
viability of cysts (using alteration in fluid density and calcification as a marker of cyst
death), as well as the severity of the inflammatory host reaction against the parasite (6, 26).
Diagnostic immunologic assays include the EITB assay, developed by the CDC and used to
detect antibodies against the parasite, and antigen-capture enzyme-linked immunosorbent
assay (ELISA) to detect parasite antigens. EITB can be performed on serum or CSF with a
reported sensitivity of 98% and specificity of 100% (27). However, EITB is more likely to
be positive in those with viable, non-calcified, and enhancing cysts/lesions than in those
with calcified cysts. Only 5 of 15 subjects with single enhancing cysts and none of 3 with a
single calcified lesion had a positive EITB result (28). The antigen-detection ELISA
performs better for CSF than for serum samples, but is less sensitive than the EITB assay. In
general, antigen detection has been reported to be most useful for diagnosis and possibly for
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following efficacy of treatment in subarachnoid neurocysticercosis, but is insufficiently
sensitive for similar application in parenchymal disease (29). Nevertheless, the antigen-
capture ELISA, unlike the EITB, is able to differentiate active from resolved or prior
infection (30), a characteristic that has made it useful tool.

In the past, little consensus existed on the standard treatment for neurocysticercosis.
However, recent data from endemic regions have led to the emergence of a growing body of
literature to guide anthelmintic therapy in neurocysticercosis, even in the setting of HSCT.
The location, viability, and number of cysts in the CNS influence the treatment course (7,
31, 32). For viable parenchymal cysts, conventional treatment comprises the anthelmintics
albendazole or praziquantel in combination with corticosteroids to suppress post-treatment
edema that occurs as a response to the dying parasite (33). Anthelmintics are not indicated
for inactive or dead parasites (i.e., calcified or solid lesions without capsules or surrounding
inflammation) (31). Likewise, some studies suggest that asymptomatic patients with a single
parenchymal lesion do not necessarily require anthelmintic therapy, as it has not been shown
to significantly change the natural history (34, 35). Anti-epileptics are recommended for all
neurocysticercosis patients with seizures (3), and also for patients at increased risk of
seizures (31). Seizure risk is highest in the setting of multiple parenchymal lesions,
especially with degenerating parasites and lesions with associated inflammation (36-40).
Asymptomatic patients with only calcified lesions do not routinely require prophylactic anti-
epileptic therapy, in the absence of perilesional edema. Where skilled neurosurgical services
are available, minimally invasive endoscopy is now used frequently for lateral and third
ventricular cysts (41), and open microscopic surgery is an option, when indicated, for fourth
ventricular cysts (25, 31, 32, 42). In all cases of subarachnoid (extraventricular)
neurocysticercosis, prolonged courses of albendazole and corticosteroids are required, and
consensus has not been achieved on the best endpoints of therapy. In any case, experience
and clinical trial evidence are insufficient to determine the best therapy in
immunocompromised patients.

While no published data are available to guide treatment of neurocysticercosis in a
transplant or immunocompromised patient, conventional management generally suggests
that a combination of high-dose corticosteroids with anthelmintics should be effective (43).
Corticosteroids are used to control post-treatment inflammation surrounding dying cysts
(16). However, high-dose steroids can have a negative impact on a curative graft-versus-
leukemia effect of a recovering immune system in the host, a process that may be necessary
for eradication of the leukemia. Given the very slow enlargement of the cyst over a period of
14 months, the non-critical location with regards to CSF flow, and the asymptomatic nature
of the lesion, careful observation was the consensus for management in our patient.

Altered mental status in this case was ultimately attributed to a different etiology (steroids),
and therefore the neurocysticercosis was an incidental, non-symptomatic finding. She did
not have any history of symptoms attributable to neurocysticercosis. Coming from a region
endemic for neurocysticercosis, it is likely that she acquired the infection well before the
development of ALL. The stability in size of the lesion through the course of chemotherapy,
radiation, and consequent immunosuppression, indicates that the course of infection was not
greatly influenced by the immunosuppression or corticosteroid therapy she received as a part
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of her transplant. It is very unlikely that the prophylactic dose of ivermectin (200 pg/kg x 2
doses) had significant clinical activity against the neurocysticercosis, as a previous report of
efficacy utilized 10 mg per day for much longer durations (15-30 days) to treat albendazole/
praziquantel-resistant neurocysticercosis with uncertain efficacy (44).

Very few double-blind trials have compared cysticidal drugs versus placebo in patients with
parenchymal cysts in the vesicular stage (live parasites). One of the early trials (a suboptimal
study, in the opinion of many experts, because of the heterogeneity of cysts in the study
population) showed no benefit of albendazole over placebo in 29 patients with multiple cysts
(45). Another study found no difference in proportions of patients free of seizures with or
without treatment with albendazole (46). A study from India, in which patients with multiple
parenchymal cysts were treated either with anthelmintics, corticosteroids and anti-epileptics,
or with anti-epileptics alone, reported a higher rate of cyst resolution and fewer seizures in
the follow-up period in patients receiving anti-epileptics alone (47). Reviewing these and
similar studies (48, 49), a Cochrane Database review on drugs for treatment of
neurocysticercosis concluded that insufficient evidence existed to ascribe beneficial effects
to anthelmintics in the treatment of parenchymal neurocysticercosis (50).

An important caveat to many of these studies is that most of the study populations had single
enhancing parenchymal lesions, a stage and type of neurocysticercosis that is thought to
represent late degenerative stages of parasites with inflammatory reactions (6), which differs
from the live cyst stage without surrounding inflammation (51). The best randomized
placebo-controlled treatment trial for live parenchymal cysts did demonstrate clinical benefit
a long-term reduction in generalized seizures (31, 38). Furthermore, in a meta-analysis of 11
clinical studies in which albendazole or praziquantel were used to treat cystic parenchymal
disease, the authors concluded that cysticidal drugs significantly increased the rate of
complete cyst resolution (69% in treated vs. 55% in untreated, after exclusion of an outlier
study) (52). However, their data also indicate that almost a third of the patients did not show
resolution of cysts, irrespective of pathological stage (clear vs. colloidal) with anthelmintic
treatment.

Given the ambiguity of results from available studies in terms of efficacy of anthelmintics,
many experts would concede that withholding anthelmintic therapy is a viable strategy in
selected cases, for example, in patients without neurological symptoms, with single lesions
that are stable over a period of observation, when other co-morbidities may enhance the
risks of treatment. In the present case, the decision to treat with watchful observation and not
to use anthelmintics or corticosteroids was based on concern about the corticosteroid-
induced loss of a graft-versus-leukemia effect. This conservative strategy was successful,
with involution of the cyst on follow-up (Fig. 1C, F, I) and no neurologic symptoms. The
residual increased FLAIR signal on MRI in the precentral brain parenchyma was the only
evidence of residual gliosis associated with the subarachnoid neurocysticercosis in our
patient.

It is tempting to speculate that the resolution of the cyst could be related to post transplant
immune reconstitution. Notably, our patient did not receive any immunosuppressive drugs
after day +21. Another potential reason for lack of growth and involution may be the use of
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radiation during the induction phase of treatment prior to transplantation. However, the
radiosensitivity of this parasite is unknown.

Our experience offers several generalizable insights applicable to the management of
neurocysticercosis in the setting of transplantation and applicable to single lesions — the
management of multiple lesions and subarachnoid disease differs, and would likely require a
more aggressive therapeutic approach. Neurocysticercosis must always be considered as a
part of the differential diagnosis in transplant patients with cystic lesions found on
neuroimaging. Careful and exhaustive review of previous imaging is mandatory and may
reveal a pre-existing lesion. Conservative management without anthelmintics, steroids, or
anti-epileptics can be a valid strategy in selected cases (asymptomatic, pre-existing, stable,
solitary lesions affecting noncritical areas of the brain). For other situations in the setting of
an immunocompromised state, the benefits of treating the disease, which includes lower
frequency of seizures and faster resolution of cysts, do appear to be significant, but must be
carefully balanced against the risk of toxicity from anthelmintics, anti-epileptics, and
corticosteroids, along with the possible mitigation of a graft-versus-malignancy effect. Even
when anthelmintic therapy is indicated, the slow growth of the parasite allows therapy to be
safely deferred to a time when treatment will be less risky; in the case of acute leukemia,
this might be as long as 3 years, when the risk of relapse is greatly reduced.

This case represents the first ever report, to our knowledge, of neurocysticercosis in an
HSCT patient. The paucity of reports related to neurocysticercosis management in HSCT is
probably a result of geographic and socio-economic barriers to access to transplantation.
However, more cases of neurocysticercosis complicating HSCT might be expected to
present in future, owing to emigration from endemic areas, better access to healthcare, and
extension of HSCT globally to highly endemic under-developed regions of the world.
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Fig. 1.

Magnetic resonance imaging of the neurocysticercosis lesion. Three-D T1-weighted images
of the brain obtained 10 months before hematopoietic stem cell transplantation (HSCT) (A,
D), 4 months after transplantation (B, E), and 7.5 months after transplantation (C, F). A
small extra-axial cystic structure is identified adjacent to the left precentral gyrus (open
white arrows), slightly increasing in size between the first and second examination (A and

B). An eccentric hyperintensity within the cyst (solid white arrows) is suggestive of a
scolex. The imaging is highly suggestive of subarachnoid neurocysticercosis. The last

examination (C and F) show resolution of the cystic structure and internal scolex. (G-J)
Axial FLAIR weighted images across the frontal lobes show a cystic structure with fluid
signal intensity (white arrows) in G (pretransplant) and H (4 months after transplant). The
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last examination (1) shows slight residual hyperintensity at the location of the resolved cyst,
suggestive of gliosis. (J) is a detail from H showing a clear appearance of a scolex.

Transpl Infect Dis. Author manuscript; available in PMC 2016 June 01.



1duosnue Joyiny 1duosnuely Joyiny 1duosnuey Joyiny

1duosnuey Joyiny

Purvey et al.

Page 13

Budesonide
Prednisone
Cyclosporine

Absolute lymphocyte count k/ul

-10

MRI(A)

-8 -6

-4

9mg 6mg
20_mg

——

MRI(C) MRI(D)

il

2 0 2 4 6 8
Time period in months

Absolute eosinophil count k/ul

Fig. 2.

Trend of absolute lymphocyte and eosinophil counts in pre- and post-transplant time points.
MRI, magnetic resonance imaging.
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