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Abstract
The cystic larvae of Taenia solium commonly infect the human nervous system, resulting in
neurocysticercosis, a major contributor to seizure disorders in most of the world. Inflammation
around the parasites is a hallmark of neurocysticercosis pathophysiology. Although mechanisms
regulating this inflammation are poorly understood, anti-inflammatory drugs, particularly
corticosteroids, have been long used alone or with anthelmintics to manage disease and limit
neurological complications and perhaps damage to neural tissues. Only scarce controlled data exist
to determine when and what type of corticosteroids and the treatment regime to use. This article
revisits the mechanisms of action, rationale, evidence of benefit, safety and problems of
corticosteroids in the context of neurocysticercosis, as well as alternative anti-inflammatory
strategies to limit the damage caused by inflammation in the CNS.

Keywords
central nervous system; corticosteroids; cysticercosis; neurocysticercosis; seizures; Taenia solium

Taenia solium cysticercosis affects the human brain and other tissues where the larval stages
of the parasite locate, establish and eventually degenerate. When present in the CNS, it
causes seizures, intracranial hypertension or other neurological symptoms. inflammation
accompanies this process and plays an important role in causing morbidity and occasional
mortality. Corticosteroids are commonly used to modulate inflammation in
neurocysticercosis (NCC). However, our knowledge of the specific mechanisms of action,
doses and timing of steroid treatment in NCC are surprisingly incomplete. This article
attempts to summarize the existing information on the use of corticosteroids and other
immunomodulatory agents in NCC.
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Taenia solium infection, cysticercosis & NCC
Neurocysticercosis is an infection with the larval form of the cestode tapeworm T. solium.
The adult tapeworm resides in the human small intestine and produces proglottids
containing infectious ova. When proglottids or liberated eggs excreted in feces are ingested
by freeranging pigs, they develop into cysts, primarily in the muscles and brain. Humans
acquire tapeworms after the ingestion of undercooked infected pork. Like the pig, humans
are infected after the accidental ingestion of ova, which can originate from themselves or
another tapeworm carrier (Figure 1). In humans, cysts can be found in virtually any perfused
organ, but tend to develop most commonly in muscles, the brain and subcutaneous tissue
[1,2].

Disease pathogenesis
Most patients present with brain manifestations, whose nature and severity depend on the
number, location, size and manner of growth of cysts, as well as their stage of degeneration
and accompanying inflammation [3]. The disease caused by NCC results from three basic
pathophysiological mechanisms: mass effects, mechanical obstruction and inflammation
[1,4]. Cysts lodged in the parenchyma of the brain (Figure 2) commonly cause seizures,
while cysts lodged in the ventricles frequently lead to mechanical obstruction and
hydrocephalus. Although a majority of subarachnoid cysts have a usual morphology, and are
often closely adherent to the outer surface of the brain and act similar to parenchymal cysts,
others grow abnormally, mostly in the subarachnoid spaces as proliferating vesicle-forming
membranes, commonly referred to as racemose cysts [5]. These may become large, resulting
in mass effect and/or infltrate among the spaces of the brain and spinal cord. Clinically,
these cause severe chronic meningitis, resulting in hydrocephalus, mass effect, infarcts,
arachnoid cysts, nerve entrapment and, uncommonly, hemorrhage [5,6]. This form is
frequently among the most difficult to treat and is the most morbid.

Role of CNS inflammation in disease
Of the three mechanisms listed previously, inflammation is responsible for the majority of
the clinical manifestations of disease. In most aspects, NCC can best be thought of as a
chronic inflammatory infection of the brain, and this is the principal rationale for
corticosteroid use in this infection.

In order to remain viable and infectious, cysts circumvent harmful host inflammatory
responses that commonly give rise to symptoms. However, eventually, the host immune
response does target the parasite and the cysts begin to degenerate. Clinically, when a
patient with a single or multiple viable parenchymal cysts presents with a seizure, the single
cyst or one or more of the multiple cysts enhance and/or show perilesional edema on MRI
imaging. Histological examination reveals lesions with accompanying inflammation [7].
Parenchymal cysts degenerate through predictable stages over time, characterized by
increased cyst destruction and decreased granulomatous response, resulting in either lesion
resolution or calcification. Pathological changes in lesions are reflected in MRI and, to a
lesser extent, in computed tomography examinations [8]. Both imaging modalities not only
serve as the best way to establish a diagnosis, but are also an excellent way to gauge
presence and degree of inflammation and the effectiveness of anthelmintic treatment [9].
Changes in the size and state or stage of the lesions, and presence or change in the degree of
enhancement and edema are measures of effectiveness of anthelmintic treatment and
suppression of inflammation by corticosteroids [8,9].

Degenerating cysts either calcify in 3 months to 2 years or resolve completely. The timing
and degree of accompanying inflammation are extremely variable. Some lesions are in
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degenerative, inflammatory stages for prolonged periods, but even though the tendency is
for decreased seizure activity as the accompanying inflammation abates and the lesion
resolves or calcifes, seizures may occur at any degenerative stage. Calcified lesions are
associated with seizure activity, but less frequently than degenerating viable parenchymal
cysts. However, because they persist and are the most prevalent radiological finding in
endemic population-based and clinical series, they are associated with more seizures and
epilepsy due to NCC than other forms of the disease [10]. Calcified lesions are commonly
described as inert noninflammatory granulomas. However, it is likely that some calcified
lesions maintain some degree of inflammation, since many calcified lesions enhance on MRI
[11] and there is preliminary histological confrmation that some calcified lesions contain
significant inflammatory responses [12]. The episodic occurrence of seizures or focal
neurological findings in the presence of perilesional edema around calcified T. solium
granulomas is a relatively common phenomenon [10,13,14] and may be a consequence of an
intermittent host response to sequestered antigen.

Basal subarachnoid cysticercosis is the most severe form of the infection owing to frequent
and extensive involvement of the base of the brain, unrelenting growth, extensive mass and
large antigenic load, all resulting in extensive arachnoiditis and hydrocephalus. In addition,
the host may lack mechanisms to adequately process macroscopic membranes in the
subarachnoid space. In contrast to parenchymal brain cysts, which for the most part give rise
to inflammatory responses over a finite time period, racemose cysts, large cysts and
occasionally ventricular cysts tend to invoke long-lasting, continuous, unremitting
inflammatory responses, often involving critical brain structures [5,6,15,16].

Nature of inflammation in NCC
The inflammatory responses in humans are not well studied, but probably reflect the stage of
degeneration. The responses usually consist of varying degrees of mononuclear infiltrates,
mostly made up of lymphocytes, macrophages and plasma cells. Eosinophils, depending on
the stage, are present to varying degrees and may make up a significant part of the
inflammation. Giant cells are occasionally present in granulomatous inflammation. In
infected pigs, which are the only available animal models, there are varying degrees of
granulomatous infltration surrounding the parasite, with more developed granulomas
showing increased cellularity and the presence of epithelioid cells adjacent to the parasite.
Eosinophils are commonly noted and occasionally predominate, sometimes forming
microabscesses.

Although the few calcified granulomas pictured in the literature show lesions devoid of
inflammation, there is a recent example of a calcified lesion surgically removed from a
patient experiencing episodes of perilesional edema in which the histopathology showed
mononuclear inflammation coursing through the capsule, as well as adjacent to the brain.
Eosinophils were present sparingly [12].

Cellular responses in the cerebrospinal fluid of patients with subarachnoid basilar disease
show a moderate lymphocytic pleocytosis. Eosinophils are usually not present to a
significant degree, but a minority of patients develop eosinophilic meningitis.

Local & systemic immune responses in humans
Studies in human NCC have generally been limited to descriptions of the profiles of
inflammatory mediators or phenotypes of T cells in subsets of patients manifesting varying
degrees of inflammatory pathology. Most of these studies have reported proinflammatory
states during symptomatic periods (defined by the mitogen- or antigen-driven secreted
cytokine patterns by peripheral blood mononuclear cells or cells from the cerebrospinal
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fluid) and asymptomatic chronic disease states associated with regulatory (or an ‘anti-
inflammatory’) milieu [17–20]. Based on these observations, investigators have suggested
that acute symptomatic individuals with NCC have a Th1-type profile in the peripheral
blood, whereas asymptomatic individuals (with live parasites or calcified lesions) have
predominantly Th2 responses to parasite antigens [21]. However, this is too simplistic an
explanation and does not account for very different forms of clinical disease (live cysts,
parenchymal vs subarachnoid disease, or calcific disease). Detailed analyses of local
(pericystic) immune responses and the effects of chronic infections on neural tissues with
regulatory functions (microglia, astrocytes and neurons) are also lacking.

Studies in murine intracerebral cysticercosis, modeled with Mesocestoides corti, have
reported several mediators of inflammation that act locally to recruit cells and, perhaps,
disrupt the BBB [20,22–24]. These studies implicated γδ T cells as important early actors in
the inflammatory responses generated by the invading parasite [25]. However, although
there is undoubtedly induction of severe inflammatory responses around the degenerating
cysts, as discussed earlier, in human infections with T. solium, the specific roles of these
cells and mediators in the inflammation that accompanies degenerating parasites remain to
be elucidated.

Murine studies with Taenia crassiceps and M. corti have also shed light on regulatory
immunological mechanisms that promote parasite survival and a paucity of host
inflammatory reactions to the living parasite. This state of ‘tolerance’ of the parasite appears
to be mediated by regulatory T cells and a subset of functionally distinct macrophages
termed ‘alternatively activated’ macrophages, characterized by high levels of expression of
the mannose receptor (MR) and arginase-1 (Arg1), among other markers [21]. These
macrophages secrete regulatory cytokines, such as IL-10 and related cytokines (IL-19, IL-20
and so on), and TGF-β, and are dependent on IL-4 secreted by unknown cell populations
early in infection, which also promotes a Th2 phenotype in the T-cell response to the
parasite. In murine models of infection, Th2 responses favor susceptibility to infection, but
also appear to protect from neurological symptoms. Limited studies in humans have yielded
insufficient data for definitive conclusions in this regard. The interdependent, yet
contradictory, relationship between inflammation, immunopathology and parasite killing is
particularly important in the CNS, which is an immunologically privileged organ and
tolerates inflammation poorly [1,7]. Thus, there is a strong imperative to use anti-
inflammatory agents to strongly suppress inflammation in NCC.

Effects of corticosteroids on immune responses
Glucocorticoids (GC), as a class of steroid hormones, exhibit potent immunomodulatory
activities, almost all of which occur following binding of the glucocorticoid receptor (GR) in
the cytoplasm of immune cells [26]. GR, a ligand-activated transcription factor, mediates
most, if not all, the effects of GC in cells of the immune system [27,28]. GR is a cytoplasmic
receptor for GC, and is normally bound to and kept inactive by chaperone proteins, such as
heat-shock proteins (e.g., Hsp90, Hsp70 and Hsp23) and immunophilins (e.g., FKBP51,
FKBP52, Cyp44 and PP5) [29]. However, there appears to be continuous shuttling of the
receptor between the two cellular compartments.

Activation of the GR results in numerous direct and indirect immunomodulatory effects on
the innate and adaptive immune responses [26]. Inhibitory effects on a variety of immune
cell populations (including the ones implicated in NCC in animal models; discussed earlier
in the article) and their function have been reported. In addition, a number of mechanisms
interfering with inflammatory responses have been described, such as: inhibition of
lymphocyte binding to endothelial cells resulting in decreased egress of circulating immune
cells to the site of inflammation [30,31]; increased apoptosis of T cells and B cells in the
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thymus and the periphery, via both antibody-induced cell death and caspase activation
[32,33]; inhibition of Toll-like receptor (TLR) pathways in antigen-presenting cells
(macrophages and dendritic cells) via direct inhibitory effects on p38/MAPK
phosphorylation, resulting in decreased NFκ-B [34] and downregulation of dendritic cell
migration and maturation [35–38]

Glucocorticoid receptor-mediated negative gene regulation targets a large number of
proinflammatory genes via the transrepression mechanism or so-called tethering mechanism
without binding DNA itself [39]. This concept refers to the negative interference of GR with
the activity of other DNA-bound transcription factors, such as NFκ-B, cAMP response
element-binding protein (CREB), interferon regulatory factor 3 (IRF3), nuclear factor of
activated T cells (NFAT), signal transducer and activator of transcription (STAT), T-box
expressed in T cells (T-Bet), GATA-3 and activating protein (AP)-1 [3,40]. The downstream
effects of the action is seen on a vast number of inflammatory proteins, including IL-1β,
IL-2, IL-4, IL-5, IL-6, IL-8, IL-12, IL-18, COX-2, E-selectin, inducible NO synthase
(iNOS), IFN-γ, TNF-α, ICAM, monocyte chemoattractant protein 1 (MCP-1) and VCAM
[28].

Owing to interference with multiple proinflammatory immune mechanisms by GCs, they
have served as potent anti-inflammatory agents in the treatment of neurological
inflammation of diverse etiologies, and NCC is one of many infectious and inflammatory
diseases in which use of GC has become standard practice, as discussed later. However, as
more information emerges about the mediators that regulate inflammation in NCC-targeted
anti-inflammatory therapy, such as the blockade of inflammatory mediators, including as
TNF-α, IL-1β or IL-6, rational alternatives with potentially less severe long-term adverse
outcomes than GC may be discovered [3,16,41,42].

Management of CNS inflammation: role of corticosteroids
As summarized previously, inflammatory responses play a dominant role in the
pathophysiology of disease, and corticosteroids are frequently used to control inflammation
and associated disease in NCC. Corticosteroids have been used in NCC for decades, long
before any specific therapeutic approach other than surgery was available. However, with
the exception of single enhancing lesions, which are solitary degenerating T. solium
granulomas, there are no randomized studies of the benefit of corticosteroids or how to use
them in other forms of the disease.

Corticosteroids are also commonly employed to prevent or modulate brain inflammation that
follows anthelmintic treatment of parasitic cysts with the cysticidal drugs albendazole or
praziquantel. When praziquantel was first used, investigators noted the development of acute
clinical symptoms/signs such as seizures, mass effect and death, which were observed
within the first week of initiating therapy [43]. Through unclear mechanisms, treatment
disrupts the usual stable, noninflammatory host–parasite relationship, initiating an acute
immune response to the parasite. These side effects were rapidly identified as being
secondary to inflammation and effectively managed with corticosteroids. Side effects were
also noted with albendazole, which was introduced a few years later as the second effective
cysticidal agent. In a previously published double-blind trial, the number of seizures with
generalization were increased in the albendazole treatment group in the first month after
treatment and then decreased thereafter compared with controls [44]. Paradoxically, the
inflammatory state that one is trying to otherwise suppress is induced by therapy. As all
parasites are affected at the same time, clinical deterioration is frequent and, in the absence
of potent corticosteroid treatment, may be lethal. These side effects are a major impediment
to antiparasitic therapy and, until recently, how best to treat and/or prevent them was never
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studied. While almost any conceivable regimen, duration, dose or specific corticosteroid
agent have been used when treating viable brain cysticercosis cysts, there are no controlled
studies of coticosteroid use in the literature at all.

The only published controlled studies of corticosteroid use in NCC relate to the management
of single enhancing granulomatous lesions (SEL). In the Indian subcontinent, SELs (a single
T. solium cyst undergoing degeneration with associated edema and inflammation) are the
most common clinical presentation of NCC and a frequent cause of seizures. Treatment of
these patients is well studied in India and includes the only studies of the usefulness of
corticosteroids in comparison with no treatment. Four studies compared corticosteroid
treatment in patients with SEL who presented with seizures within the previous 14 days
(TABLE 1). Two studies by Mall et al.[45] and Garg et al.[46] compared 1 mg/kg
prednisolone for 10 days per os and a 4-day taper plus antiepileptic drugs (AED) to AED
alone, while a third study by Kishore et al. compared the same drug regimen without a taper
to AED alone [47]. The fourth study compared 1 g/1.72 m2 intravenous methyl prednisolone
for 5 days with AED to AED alone [48]. All four studies found a decrease in seizures
(statistically significant in three out of four), mostly at 6–9 months, but three also found an
accompanying significant disappearance of cysts on CT scan [45,47,48]. By contrast, the
only blinded randomized trial found no difference in disappearance at 6 months [46]. These
studies suggest a benefit of cortico steroid treatment in the treatment of SELs with a recent
onset of seizures. The inference is that other types of inflammation-induced damage may
also be amendable to corticosteroid treatment.

A trial by Singhi et al. compared groups with SEL and an onset of seizures of less than 3
months duration receiving albendazole at 15 mg/kg for 4 weeks, albendazole as above plus
prednisolone for 1 week at 2 mg/kg, and prednisolone for 3 weeks and a 1-week taper [49].
Although the authors found significantly more seizures in the corticosteroid group on
follow-up compared with the other groups, the efficacy of corticosteroids alone compared
with no corticosteroid treatment was not studied. In addition, the two corticosteroid groups
could not be directly compared since they received different drug dosing. They found no
benefit of corticosteroids for 1 week combined with a 4-week course of albendazole
compared with albendazole alone. There was no difference in the disappearance of lesions
among the three groups [49].

A few studies examined the usefulness of anthelmintic treatment combined with
corticosteroids and AEDs [50–52] to corticosteroids and AEDs alone. No inference about
the utility of corticosteroids compared with controls could be discerned.

Despite the absence of controlled trials, corticosteroid treatment is normally used to control
inflammation in almost any clinical setting where there is potential for or there is active
inflammation. They are also used in conjunction with anthelmintic treatment in multicystic
parenchymal, ventricular and subarachnoid disease, and have been used alone in control
groups in studies of the effectiveness of anthelmintics drugs. In some cases, corticosteroid
use is immediately and dramatically beneficial. Examples include control of symptoms in
intramedullary brain or spinal involvement, spinal compression, orbital cysticercosis with
compression of the orbit, acute encephalitis, disseminated NCC and meningitis, just to
mention a few. In some situations, such as disseminated disease and encephalitis,
corticosteroids are used alone as the use of anthelmintics in these conditions is controversial.
Its broad use is testament to a general view that there is clinical benefit, but their
effectiveness has never been studied in randomized trials. Since there are no controlled
studies, there is no regimen in standard use, and in addition these regimens vary greatly
depending on the perceived need and practice. The duration, dose and type of corticosteroids
also vary widely. To employ corticosteroids together with anthelmintics in the treatment of
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parenchymal disease is a common approach. Even in this setting, extensive variability exists.
Some use corticosteroids only as the clinical need arises, while others also use them
prophylactically, as well as during and after therapy. In particular, extensive subarachnoid
disease requires high-dose prolonged treatment in conjunction with extended anthelmintic
therapy.

There are no data concerning the usefulness of corticosteroids in promoting healing in
multicystic parenchcymal disease compared with untreated control. There is an inference
from some studies of SELs that corticosteroids are helpful in the healing of degenerating
lesions.

The best time to administer corticosteroids has not yet been studied in a randomized trial.
However, a retrospective comparison in the treatment of subarachnoid disease suggested a
clinical benefit of pretreatment with corticosteroids before administration of antihelminthics
[53].

Corticosteroids are commonly employed to suppress ongoing inflammation in chronic
subarachnoid and ventricular NCC, either associated with treatment or as a consequence of
the natural course of disease. Long-term use frequently leads to bothersome and sometimes
severe side effects, such as diabetes, weight gain, aseptic necrosis of the hips and numerous
other complications. Attempts to control side effects include the use of every-other-day
corticosteroid dosing [54] to prevent shunt malfunction, use of the lowest dose of
corticosteroids that are effective, and administration of cortico steroid-sparing agents such as
methotrexate. There is brief mention of the use of cyclohexamide [53] or azathioprine in
severe disease [55,56].

The practice of the authors is to commonly use 10–16 mg dexamethasone in critical and
severe NCC associated with inflammation. Subsequent dosing depends upon the
effectiveness of treatment, degree of clinical improvement, loss of edema and enhancement
as assessed by MRI. We fnd that short courses of high-dose corticosteroids and abrupt
termination frequently leads to rebound effects so we commonly taper over a period of 6–8
weeks or longer. Shorter tapers may be effective, but have not been studied. There is no
direct information favoring one type of corticosteroid over another. Because dexamethasone
has little mineral cortical activity, we favor its use.

Corticosteroids in perilesional edema around calcified cysticerci
Although corticosteroids are intuitively and commonly employed to treat brain edema due to
a variety of causes, there are no studies suggesting that corticosteroids are of benefit for
perilesional brain edema seen around already calcified brain cysts at the time of a
symptomatic episode. There is a report and anecdotal experience suggesting worsening of
edema and/or symptoms when lowering or stopping corticosteroids [57].

Blood levels of albendazole sulfoxide and praziquantel are particularly variable from person
to person and are affected by a number of drugs [55]. Dexamethasone decreases the serum
levels of praziquantel [58] and affects the metabolism of albendazole sulfoxide, the active
metabolite of albendazole. In one study dexamethasone increased the concentration of
albendazole sulfoxide [59] and in another it decreased the metabolism of albendazole
sulfoxide, leading to an increase in the area under the curve [60].

Perspectives, other potential therapies & research agenda
Although short-term use of corticosteroids causes relatively few side effects, longer use,
which is a common requirement in the treatment of complicated subarachnoid disease, leads
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to a long list of morbid complications that can be life threatening and can be difficult to
manage medically. The authors have used methotrexate as a corticosteroid-sparing agent in
patients who are likely to require more than 3 months of moderate-to-high-dose
corticosteroids. In doses of 20 mg/week or less with folic acid daily (except the day
methotrexate is used), it appears to be safe and effective in controlling chronic disease.
However, it cannot be used to control acute inflammation, as it acts too slowly [61].

Expert commentary
Although little studied, corticosteroids are currently important, if not essential, in the control
of inflammation that occurs during the natural course of disease, or as a result of treatment-
induced inflammation. Better understanding of their actions and effects should lead to sound
therapeutic schemes. Long-term steroid use is accompanied by multiple side effects, and
alternative therapies are needed. Despite increasing interest in biological modulators of brain
and/or systemic inflammation that may be able to replace or reduce the use of
corticosteroids, their application is and will be limited by the lack of animal models to test
efficacy and the safety and costs both to perform trials and to the patient. Nevertheless,
proof-of-principle studies are important to provide treatment for severe, life-threatening
disease.

Five-year view
Determination of how best to use corticosteroids based on mechanisms of inflammation and
controlled trials should be obtained. One ongoing trial is currently studying whether
enhanced corticosteroid dosing is more effective at reducing seizure rates in the treatment of
parenchymal NCC. Although corticosteroids will remain the most common drug used due to
its effectiveness, availability and affordability, in more complicated disease, corticosteroid
side effects associated with long-term therapy are often severe. Other immunomodulatory
agents (probably including anti-TNF agents) need to be found as corticosteroid-sparing or
replacement agents. It is also likely that more efficient anthelmintic treatments arising from
higher doses or combinations of antiparasitic drugs will change the need for and dosing of
anti-inflammatory agents.
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Key issues

• Disease in neurocysticercosis is primarily caused by inflammation.

• Inflammation occurs naturally and is also induced by anthelmintic treatment.

• Corticosteroids are commonly used to control inflammation that occurs during
the natural evolution of disease and as a consequence of anthelmintic treatment.

• How best to use corticosteroids has only been evaluated in randomized trials in
single enhancing granulomatous lesions, where it uniformly decreases seizures
rates.

• The immune response in human disease is only partially known.

• Corticosteroids have broad effects on the immune system.

• Extraparenchymal neurocysticercosis commonly requires high-dose and long-
term steroid use that is associated with severe side effects, limiting their use.

• Corticosteroid-sparing agents are needed to limit severe side effects.
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Figure 1.
Life-cycle of Taenia solium.
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Figure 2.
Parenchymal cysticercosis. Viable (A & D), degenerating (B & E) and calcified (C & F)
cysts on MRI (A–C) and CT (D–F).
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