1duosnuey Joyiny 1duosnuen Joyiny 1duosnuey Joyiny

1duosnuey Joyiny

Author manuscript
Trends Parasitol. Author manuscript; available in PMC 2018 January 01.

-, HHS Public Access
«

Published in final edited form as:
Trends Parasitol. 2017 January ; 33(1): 65-73. doi:10.1016/j.pt.2016.09.003.

Disease Centered Around Calcified Taenia solium Granuloma

Theodore E. Nash?, Javier A. Bustos?”, Hector H. Garcia?3, and for The Cysticercosis
Working Group in Peru

ILaboratory of Parasitic Diseases, National Institute of Allergy and Infectious Diseases, National
Institutes of Health, Bethesda, Maryland, United States of America

2Unidad de Cisticercosis, Instituto Nacional de Ciencias Neuroldgicas, Lima, Peru

SDepartamento de Ciencias Celulares y Moleculares, Facultad de Ciencias y Filosofia,
Universidad Peruana Cayetano Heredia, Lima, Peru

Abstract

Taenia solium (the pork tapeworm) is present in most developing countries, where it is a frequent
cause of seizures and other neurological disease. Parasitic larvae invade the human brain,
establish, and eventually resolve, leaving a calcified scar. While these lesions are common in
endemic regions and most of these are clinically silent, a proportion of individuals with calcified
cysticerci develop seizures from these lesions and in from 30-65% of the time associated with
perilesional edema, likely due to host inflammation. This manuscript summarizes the importance,
characteristics, natural history and potential prevention and treatments of symptomatic calcified
neurocysticercosis.
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Neurocysticercosis: A Leading Cause of Seizures Worldwide

Taenia solium neurocysticercosis (NCC) is a major contributor to seizures and other
neurological morbidity worldwide and thus an important global health problem [1, 2].
Cysticercosis is also increasingly diagnosed in industrialized countries, mainly due to
migration from endemic areas, with approximately 2 000 new cases diagnosed in the United
States each year [3, 4]. In endemic countries, nearly 30% of neurologic seizures are
attributable to NCC [5]. Neurocysticercosis is endemic in most of the developing world
where pigs are raised in non-industrialized conditions as food source, such as Latin America,
most of Asia including the Indian subcontinent, and regions of China, Sub-Saharan Africa,
and parts of Oceania (Figure 1) [1, 6, http://www.who.int/mediacentre/factsheets/fs376/en/].
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Calcified 7aenia solium brain granulomas (see Glossary) are usually, but not always, small
round lesions that develop from degenerating larvae mostly in the parenchyma of the brain.
In endemic populations, these are the most common radiologic finding, detected in 10-20%
of unselected persons by computed tomography (CT) [7-12]. In these settings, a large
majority of individuals with calcifications are asymptomatic and most have never had
symptoms related to NCC. In fact, calcifications were designated as “inactive”
neurocysticercosis and thought to play no role in the pathophysiology of disease and seizure
activation. However, several studies over the past 15 years point to a subset of calcifications
that are the foci for intermittent seizure activity and are often associated with the temporary
presence of surrounding perilesional edema, which is likely due to host inflammation [13-
15]. Here we review the importance, characteristics, natural history and potential prevention
and treatments of symptomatic calcified neurocysticercosis.

Characteristics of Calcified Neurocysticercosis

Calcifications are frequently found in CT images of individuals with and without a history of
seizure and/or epilepsy in 7. solium endemic regions [7, 9-11, 16-19] (Table 1). They
appear to be more frequent in endemic regions but no official comparison has been reported
[7-10]. Although these calcifications cannot usually be differentiated from similar calcified
lesions due to other etiologies, there is little question that most are derived from
degenerating granulomas. The most direct evidence comes from serial observations using
computerized tomography (CT) and magnetic resonance imaging (MRI) of patients with
characteristic 7. solium cysts that degenerate naturally or following cysticidal treatment [20,
21]. In a sizable proportion, these lesions gradually become calcified, typically evolving into
characteristic dense calcifications. The proportion of cysts that calcify vary, ranging from
approximately 10-60% following cysticidal treatment [20, 22]. In addition, characteristic
scolices (anlage of the head of tapeworm in the cyst) are frequently detected in calcified
lesions by phase corrected gradient echo MRI. Gupta and colleagues reported scolices in 14
of out 21 (67%) of patients with a single brain calcification [23]. Definitive histopathological
studies of calcifications are non-existent or possibly are lost in the early literature; only a
few examples of the histopathology of calcifications are described in available older
literature or in recent publications [24-27] (Figure 2).

Brain tissue calcifications form as a result of infectious and non-infectious processes
including tumors, degenerative diseases, inflammatory diseases, and a large number of
genetic abnormalities. Why some 7. solium cysts calcify and why calcifications commonly
occur in some tissue dwelling helminthes or their ova is unclear. For instance, 7richinella,
Schistosoma hematobium, Schistosoma japonicum and cysts of Echinoccocus granulosus all
tend to calcify in tissues. 7. solium, as well as all other cestodes, contains calcareous
corpuscles [28], which are small calcified granules mostly in the neck of the invaginated
scolex that may act as a nidus for calcium deposition and at times form visible aggregates
detected in CT examinations as typical small round calcifications [25, 29].
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Factors associated with seizures in calcified cysticerci

In persons who present with seizures caused by viable cysts or by a single 7. solium
degenerating cyst (enhanced on MRI or CT scan after contrast injection), the development of
calcification is a risk factor for recurrent seizures or epilepsy [30]. Although the propensity
to develop seizures is enhanced in symptomatic NCC patients whose lesions eventually
calcify, in endemic settings, most individuals with calcifications do not have a history of
seizures [7-12]. Furthermore, persons with numerous calcifications and seizures usually
have only one or a few calcifications that are foci of seizure activation and cause perilesional
edema [31]. Therefore, the mechanism(s) that result in seizures associated with a specific
calcification must center on past or present characteristics or features associated with that
particular lesion. Whether there is something special about a calcification that leads to
seizures, the inability of some calcified lesions to fully consolidate and still maintain regions
of active inflammation, the persistence of parasite antigen intermingled within the
calcification chronically inciting an inflammatory response with intermittent exacerbations,
or the prior presence of a particularly injurious inflammatory response during the
degenerative process resulting in a propensity of seizures, is unclear. The contribution of the
host is obviously important and essential; it appears to be necessary but not sufficient.

In patients from endemic regions that present seizures or in immigrant communities
originating from endemic countries, the proportion of persons with calcifications is
consistently higher than those without seizures [9, 29], which suggests that individuals with
calcifications have an increased propensity to have seizures. A number of more exacting
studies implicated specific calcifications as seizure foci in 50-73% of those with seizures
and calcifications [32—34]. Patients presenting with calcified NCC may have as high seizure
recurrence rates compared to other stages of NCC. Sharma et al. [35] reported a not
statistically significant greater proportion of recurrent seizures within 6 months in those who
presented with an incident seizure due to a calcification compared those who presented with
an incident seizures due to a single enhancing granuloma (34.3 % vs. 25.0%) [35] In a
cohort of patients followed prospectively who had only calcified NCC, a history of seizures
(in comparison with individuals with calcified NCC and no seizures, e.g. headache only),
and a positive cysticercosis serology had a predicted recurrent seizure rate of 36% at 5 years
[13]. In the same study, those who developed perilesional edema did not differ in age, sex,
cysticidal treatment, location of the calcification or duration of disease, when compared to a
matched control group.

Certain calcifications are more likely to be foci of seizures. These include calcifications with
a visible scolex detected by MRI gradient echo imaging giving rise to perilesional edema
episodes [23], those with presence of perilesional gliosis (that can be demonstrated using
magnetization transfer MRI) [36, 37], increased enhancement (also better determined by
dynamic contrast-enhanced MRI), and in the same study, in patients with increased serum
matrix metalloproteinase-9 (MMP-9) levels and MMP-9 gene polymorphisms [38]. In
addition, there may be a link to seizures and calcifications leading to mesial temporal
sclerosis resulting in a secondary cause of epilepsy in this group [39,40].
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Perilesional Edema in Areas of Seizure Activity

Besides semiological and electroencephalogram (EEG) localization of repetitive seizures
around a calcification, the most compelling evidence implicating calcifications as areas of
seizure activity is the presence of perilesional edema (PE) around a calcification at the time
of clinical seizure or focal neurological finding [31]. PE (Box 1) is defined as the episodic
appearance of edema and enhancement surrounding a calcification by MRI, most intense
closest to the calcified lesion, a typical pattern of edema caused by a leaky blood brain
barrier (BBB). In early studies, there was an almost perfect association of the presence of PE
with a clinical event, usually a seizure but sometimes headaches or other focal neurological
complaints [14]. With a more liberal use of MR, later studies also showed that PE may less
commonly occur without any symptoms. Edema usually subsides within 6 weeks although it
may persist for longer sometimes associated with waxing and waning edema and symptoms
[31]. The presence of perilesional edema around calcifications was first reported by Del
Brutto in 1992 [41] in 5/16 patients with recurring seizures after stopping anti-seizure
medication and subsequently briefly noted in reports by White et al [42] and Garg et al. [43].
The first full report of a patient with perilesional edema was by Sheth et al in 1999 [44]. In
the same year Nash and Patronas reported 3 patients with recurring perilesional edema
episode, one over 10 years, which suggested these may be an important mechanism of
epilepsy associated with neurocysticercosis [45]. Subsequently, a number of series
documented the perilesional edema around calcifications in the United States [13, 14,45],
Brazil [46], Peru [14], Germany [47], and India [23, 38,43] indicating this is a general
phenomenon and not limited to a specific geographic region [48-55]. These and additional
studies of the cause of seizures in patients with calcified NCC found that roughly between
30-65% of patients were found to have PE [13, 14, 45, 46, 56, 57]. Only one prospective
study has been performed that suggests PE episodes are a common cause of seizures and/or
epilepsy in a well-defined endemic urban population [13]. This study followed a cohort of
patients with calcified NCC residing in urban Lima, Peru. All had a history of seizures, the
presence of calcified neurocysticercosis and absence of other brain lesions, and a positive
cysticercosis serology.. Of the 29 persons who incurred recurrent seizures, 24 could be
studied of which 50% showed perilesional edema. The study also showed a 9% (2/23)
presence of asymptomatic perilesional edema in the matched controls, indicating that silent
perilesional edema is not a rare event. The presence of edema around a calcification in a
subset of cases suggests the existence of at least two different mechanisms causing seizures,
one associated with PE and the other not associated with PE. Alternatively, seizures in all
individuals with calcified NCC may involve similar mechanisms but differ in the presence of
overt edema, or the magnitude of the edema may be lower than the levels detectable by
imaging.

The proportion of seizures or epilepsy due to PE in rural endemic regions has not been
determined but the aforementioned study suggests that the proportion will be sizable due to
the association between seizures and/or epilepsy and the presence of calcified NCC,
conjointly with the absence of viable or degenerating cysts. On the other hand, a factor that
might lower the proportion of seizures or epilepsy due to PE in rural endemic regions is the
frequent negative serology in patients with calcifications [58,59]. Our initial study in Peru
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required a positive serology, which may have selected a group with more ‘active’ lesions,
increasing the proportion with PE [14]. Older lesions could be less frequently associated
with perilesional edema.

Evolution of Perilesional Edema

The natural history of perilesional edema episodes has not been well described. In particular,
long-term follow-up of a large group of patients is lacking. An example of serial
observations in a single patient is demonstrated in Figure 3. This patient presented four
separate episodes over 7 years beginning about 1.6 years after treatment for NCC.

PEs are commonly recurring usually involving one or several calcifications in the same
patient undergoing PE concurrently or at different times. The number of events can vary
from one to many leading to a severe disability. Serial imaging in a number of patients
showed that in many, PE resolved within 6 weeks, although PE may be surprisingly
prolonged often associated with waxing and waning symptoms associated with the involved
calcification [14, 45-47, 60].

There are a number of characteristics and findings that point to an inflammatory
pathophysiology as a cause of PE. First, some calcifications enhance, suggesting a
perturbation of the BBB, which in the case of neurocysticercosis is most likely due to
continuing inflammation. The presence of enhancement around a subset of calcifications is
consistent with the idea that calcifications differ in important ways. For unclear reasons,
some calcifications maintain varying amounts of inflammation while most others do not.
Only two full histopathological descriptions of calcifications associated with PE episodes
have been adequately examined following surgical removal [25, 26]. Both show
degenerating but recognizable cestode larval structures with a pronounced inflammation
consisting of mononuclear lymphocytes, macrophages and some eosinophils with
astrogliosis and microgliosis in the surrounding brain parenchyma. Sizable aggregates of
calcareous corpuscles are the only foci of calcifications detected on CT examination in these
lesions. This histopathology contrasts with the few photographs and accounts in the older
literature describing mostly amorphous calcifications, little if any recognizable cystic
elements, and modest capsular inflammation [24, 61, 62]. Again, this suggests the
histopathology of calcifications are not uniform and based on the limited humber of
examples, point to histopathological differences between individual calcifications. Thirdly,
positron emission tomography (PET) studies employing a ligand to the translocator protein,
(TSPO), which is upregulated in activated microglia, astrocytes and macrophages, revealed
increased uptake of the ligand in the regions surrounding affected calcifications [15]. In a
few patients studied multiple times and in others who experienced prior PE episodes with
calcifications that were unaffected at the time of study, increased uptake was detected around
some calcifications that had undergone documented earlier episodes. Since increased uptake
of this ligand is mostly due to inflammatory processes, these results suggest that perilesional
edema is due to inflammation. Persistent increase in uptake of ligand in calcifications that
had undergone prior PE indicates either persisting activation after a PE episode or ongoing
activation with periodic acute recurrent exacerbations of inflammation leading to PE [31].
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Other pathophysiologic mechanisms have also been suggested, such as edema due to seizure
activity or intermittent ionic calcium release [45]. However, the edema associated with
seizures is usually diffuse [63—65]. The pattern of edema in focal status is complex and may
involve both cytotoxic and vasogenic edema [66]. Continued subclinical seizure activity
cannot be ruled out [31].

There is no established treatment for symptomatic perilesional edema. Anti-seizure
medication for prophylaxis and treatment, similar to other causes of epilepsy, appears to be
effective. Fortunately, most clinical episodes resolve spontaneously. [45,46] A common
practice is to treat brain edema due to diverse causes with high dose corticosteroids, which
was the clinical approach employed initially. Although there seemed to be initial clinical
improvement, as the dose is lowered or shortly after stopping corticosteroids, symptomatic
perilesional episodes may reoccur, sometimes involving previously involved calcifications
[31, 67]. Abrupt cessation of corticosteroids may trigger PE episodes around calcifications
[47, 68]. Despite the possibility of exacerbation of signs and symptoms with acute and
serious neurological deficits [69, 70], there may be a role for high dose corticosteroids.
However, a slow deliberate corticosteroid taper might prevent rebound edema and recurrent
symptoms [47, 68, 71]. The treatment options for patients with multiple recurrences and
disabling symptoms who develop PE episodes upon a corticosteroid taper are limited. One
patient with many prior disabling PE episodes ceased having them for years coincident with
administration of methotrexate, an antifolate drug used in the cancer therapy and to treat
several autoimmune disorders [72]. Although the experience in this setting is limited, the
clinical effect was dramatic and reinforced the concept that the pathophysiology of PE is due
to inflammation. The effectiveness of corticosteroids and deleterious effects upon abrupt
withdrawal suggest an immunologically regulated cellular inflammatory response and
perhaps the development of an imbalance favoring activating over repressing cellular
responses, upon corticosteroid withdrawal. This type of mechanism might occur
spontaneously in calcified perilesional edema lesions as well as in degenerating cysts, which
also undergo rebound edema upon abruptly stopping corticosteroids [67].

A unifying hypothesis is that PE is similar mechanistically to what is seen in degenerating
cysts. Degenerating cysts at any stage may spontaneously undergo an exacerbated
inflammatory response with increased enhancement and perilesional edema frequently
resulting in seizures [73]. The presence of calcification neither excludes the presence of
inflammation nor the continuation of the same mechanism responsible for inflammation,
edema and resulting seizures caused by degenerating cysts. The available evidence no longer
supports the view that all calcifications are inert monolithic lesions [13, 14, 23, 29, 44-47,
60]. We suggest, as proposed by others earlier, that the origin of the inflammation in
degenerating cysts with and without calcifications and specific calcified cysts is driven by
the presence or episodic availability of parasite antigen, and/or an imbalance between
activating and repressing elements that occur naturally within the lesion, or by abrupt
corticosteroid withdrawal or by abrupt corticosteroid withdrawal [31, 56]. Calcifications
may limit complete parasite degeneration and allow continued availability of antigen to the
host. In this view, interventions aimed to avoid the process of calcifications could result in
improved prognosis. Further research is necessary to elucidate and modulate immunological
mechanisms associated to calcified 7. solium granuloma (see Outstanding Questions).
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Concluding Remarks

In endemic communities, calcified 7. so/ium brain granulomas or calcifications are a
common finding and may be present in up to 19% of the general population [7, 9-11, 16—
19]. Although the propensity to cause seizures is obviously decreased compared to
degenerating viable cysts, in most endemic villages where transmission is not unusually
high, calcified lesions predominate [7-10, 29]. Because calcifications are so common and do
not disappear over time, there is a large number of persons at risk, even though the risk is
low. In a subset of patients with more severe symptoms due to relapsing perilesional edema,
anti-inflammatory and/or immunosuppressive therapy may be of clinical benefit.. In 7.
solium-endemic regions there is a substantial increase in seizure activity and epilepsy. About
30% of seizure activity in these communities is attributed to 7. so/ium infection of the brain.
In contrast to hospitalized patients with seizures that are more frequently caused by
degenerating viable cysts, most patients in endemic regions show calcified lesions typical of
end stage degenerated 7. so/ium granulomas. Recent studies implicate these calcifications as
loci of seizure activity and about 30-50% are associated with surrounding edema that is
likely due to an inflammatory process. Much is not known about how this process occurs
and the long-term consequences in this affected population. Recurring episodes of overt
pericalcification inflammation, which can be frequent and disabling, are common in NCC
and either rare or not recognized in other causes of epilepsy. Future understanding of these
mechanisms offers potential novel methods to prevent and control seizure activity in these
patients, in addition to the use of anti-seizure medications. Can anti-inflammatory
medications be used to dampen injurious seizure causing inflammation or circumvent the
mechanisms that initiate perilesional edema episodes? Can methods to inhibit the formation
of calcifications prevent seizures? These are a just of a few of the questions that need to be
answered and helpful to the many patients that have seizures due to this mechanism.
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Blood brain barrier (BBB)

A highly selective permeability barrier separating the circulating blood from the
extracellular fluid of the brain, composed of specialized endothelial cells preventing many
substances from entering the brain.

Calcareous corpuscles
naturally inorganic deposits composed of concentric layers of calcium carbonate, located in
the scolex of the adults and vesicular stages of 7. solium.

Calcified T. solium brain granulomas
The calcified end stage in the involutive process of cysts due to antiparasitic treatment or
natural death.

Cellular edema
Edema caused by the entry of water into the cells, causing them to swell (cellular swelling).

Corticosteroids
Man-made drugs used for a wide range of conditions mostly employed to inhibit diseases or
processes involving immune mechanisms, inflammation and edema.

Epilepsy
a disease characterized by an enduring predisposition to generate epileptic seizures and by
the neurobiological, cognitive, psychological, and social consequences of this condition.

Gliosis

is the reactive change of glial cells in response to trauma or injury to the central nervous
system (CNS). In most cases, reactive gliosis involves the proliferation and/or hypertrophy
of several types of glial cells, including astrocytes, microglia, and oligodendrocytes.

Matrix metalloproteinase-9 (MMP-9)

Enzyme that belongs to the zinc-metalloproteinases involved in the degradation of the
extracellular matrix (collagens IV and V, gelatins | and V, and fibronectin). Also known as
92 kDa type 1V collagenase, 92 kDa gelatinase or gelatinase B (GELB).

Mesial temporal sclerosis

Also known as hippocampal sclerasis, is the loss of neurons and scarring of the deepest
portion of the temporal lobe and is associated with certain brain injuries such as chronic
oxygen starvation to the brain, head trauma, or brain infection, but can also occur without an
apparent cause. In this process, neurons die and scar tissue tends to form within the
hippocampus and amygdala. Mesial temporal sclerosis can cause a form of temporal lobe
epilepsy with partial seizures that can spread or secondarily generalize.

Neurocysticercosis (NCC)
Infection of the central nervous system by the larval stage of the pork tapeworm 7. solium.

Perilesional edema (PE)
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Accumulation of excess extracellular fluid around the calcified 7. sofium brain granuloma
detected by neuroimaging (CT scan or MRI). The most plausible hypothesis is that edema
represents an inflammatory response to calcified granuloma and is frequently and associated
with episodic seizure activity or other neurological signs and symptoms.

Scolex
Cephalic structure of a 7. solium tapeworm, having suckers, hooks, for attachment to the
intestine wall of the definitive host. It is invaginated inside the cyst stage.

Seizure
Transient occurrence of signs and/or symptoms due to abnormal excessive or synchronous
neuronal activity in the brain.

Semiology

Is the body of knowledge that deals with the identification of symptoms (referred by patient
such as headache or nauseas) and signs (identified by examination such as fever or arterial
hypertension) of the various pathological manifestations or medical condition. Semiology as
far as seizures or epilepsy is concerned relates to the temporal symptoms and signs that
points to a particular locus of seizure activity. For instance, the seizures begin with a
heaviness of a right arm that progress to clonic —tonic movements of the arm implicating the
left motor strip.

Taenia solium

Cestode helminth with a life cycle consisting of a tapeworm in the intestines of humans host
alternating with infection in the pig, the natural intermediate host. When cysts formed by the
infection grow within the brain causing neurologic syndromes such as epileptic seizures, the
infection is called neurocysticercosis.

Translocator protein (TSPO)

A mitochondrial protein (18 kDa) usually located in the external mitochondrial membrane.
In the brain, it is found in monocytes, astrocytes and microglial and is upregulated in a
number of conditions, most notably those involving inflammation or infections.

Vasogenic edema
Edema caused by increment in extracellular fluid volume due to increased permeability of
capillary endothelial cells to macromolecular serum proteins such as albumin.
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Box 1

Characteristics of Perilesional Edema around T. solium Calcifications

1.
2.

© N o o

Episodic edema and enhancement.

Found in 30-60% of persons with recurrent seizures and only
calcifications.

Usually 3—-6 weeks in duration, can be longer.

Involves single calcifications usually, multiple calcifications
sometimes.

Mostly symptomatic usually causing seizures, asymptomatic at times.
Variable frequency, may be frequent and disabling.
Likely inflammatory.

No proven treatment, but symptomatic treatment and anti-seizure
medication may work.

Abrupt corticosteroid withdrawal may precipitate perilesional edema in
calcifications previously involved and uninvolved in seizures.
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Outstanding Questions

What is the natural history and prognosis of patients who undergo
perilesional episodes?

Do repeated perilesional episodes lead to gliosis and propensity to
develop seizures caused by non-perilesional edema?

Which factors determine which calcifications undergo perilesional
edema?

What is the nature of the inflammation associated with perilesional
edema and how is it controlled or induced?

Does the systemic immune state influence promote/control perilesional
edema episodes?

Is the presence of chronic inflammation required for subsequent
perilesional edema events?

Can modified treatment regimens prevent perilesional edema from
occurring?

What is the role of calcification in pathogenesis of perilesional edema?

Can immunosuppressive measures prevent and/or treat perilesional
edema?

How does abrupt cessation of corticosteroids induce perilesional edema
in previously uninvolved steroids?
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Trends Box

Calcified brain cysticercosis lesions can be found in a sizable (10-20%)
proportion of people living in endemic regions

Calcified neurocysticercosis is strongly associated with epilepsy:
lesions are more prevalent in symptomatic compared to asymptomatic
participants, and seizure semiology is frequently concordant with the
localization of the calcified lesion

Seizures in individuals with calcified disease are frequently associated
with perilesional brain edema around one or more calcified lesions.

Gliosis surrounding calcified lesions seems to be associated with
refractory epilepsy.

Calcified NCC has been associated with hippocampal sclerosis, both
for lesions in the temporal lobe as well as for distant lesions.
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Endemicity of Taenia solium, 2015
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Figure 1. Endemicity of Taenia solium
Reproduced, with permission, from http://www.who.int/mediacentre/factsheets/

Endemicity _Taenia_Solium_2015-1000x706.jpg?ua=1. Accessed September 7, 2016.
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Figure 2. Histopathology of a Calcified Taenia solium Lesion
Two histological sections of excised calcified lesion that was causing multiple episodes of

perilesional edema. In A and B, parasite remnants (P) are surrounded by a capsule that
contains inflammation (CAP+I, yellow arrow) and in A, an increase in collagen (CL).
Amorphous material (AM) is closely associated with P. The adjacent brain has increased
glial fibrillary acid protein presence (not shown), perivascular infiltrates and eosinophilic
material. In B, aggregates of calcareous corpuscles (CC) surround P, and are likely
responsible for the calcification. The inset in (A) shows a higher magnification of one area
of inflammation; the inset in B shows a higher magnification of a dense aggregation of
calcareous corpuses. Adapted from [25], with permission.
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Figure 3. Patient with Multiple Episodes of Perilesional Edema Around Calcifications
Serial fluid-attenuated inversion-recovery (FLAIR) images over time from left to right

demonstrating appearance and resolution of perilesional edema around a 7aenia solium
calcification in the right frontal lobe. The patient was diagnosed and treated on 10/4/05; a
viable cyst is noted by the arrow that subsequently calcifies as documented by a computed
tomography examination a few days before (5/14/07) the first episode on 5/17/07.
Perilesional edema develops on 10/16/07, 4/25/11, and 9/29/14 with interim resolution on
9/23/08, 4/7/14 and 10/30 14. The associated edema of a left sided cyst is partially seen on
10/4/05. R and L denote right and left sides of the brain. Arrows point to the site of the
lesion with or without the presence of edema. The date the images were taken is shown.

Trends Parasitol. Author manuscript; available in PMC 2018 January 01.



1duosnuey Joyiny 1duosnuen Joyiny 1duosnuey Joyiny

1duosnuep Joyiny

Nash et al.

Table 1

Page 20

Prevalence of Intraparenchymal Brain Calcifications Detected by CT in Seizure-Free Individuals in Endemic

Regions.

Country Year | Prevalence Comments Refs
Honduras 1999 | 18.9% (14/74) Seronegative [12]
Ecuador 1999 | 14.4% (17/118) | ------ [16]
Guatemala | 2001 | 19.6% (10/51) | ------ [7]

Mexico 2003 | 9.1% (14/154) | - [10]
Ecuador 2005 | 5.3% (1/19) | - [11]
Peru 2005 | 13.8% (8/58) Seronegative [9]

India 2011 | 11.3% (67/595) | Pig farming community | [17]
Ecuador 2015 | 11.3% (28/248) | >60 years [18]
Brazil 2015 | 11.3% (12/106) | Headache patients [19]
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