Curr Infect Dis Rep (2014) 16:443
DOI 10.1007/s11908-014-0443-8

CENTRAL NERVOUS SYSTEM INFECTIONS (J LYONS, SECTION EDITOR)

Imaging in Neurologic Infections I: Bacterial

and Parasitic Diseases

Pooja Raibagkar - Martha R. Neagu - Jennifer L. Lyons -
Joshua P. Klein

Published online: 28 October 2014
© Springer Science+Business Media New York 2014

Abstract Often presenting as medical emergencies, nervous
system infections can be diagnostically challenging. Knowl-
edgeable utilization of neuroimaging modalities and the un-
derstanding of characteristic imaging findings facilitate early
diagnosis and treatment. In the first part of this two-part
review, we address common and unique diagnostic imaging
features of bacterial and parasitic nervous system infections.
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Introduction

Nervous system (NS) infections are associated with signifi-
cant global morbidity and mortality. For individual patients,
they can have devastating consequences and considerable
impact on quality of life. Neuroimaging can aid prompt
diagnosis and facilitate effective treatment of NS infections.
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In the first part of this two-part review, we focus on neuroim-
aging characteristics of selected bacterial and parasitic NS
infections.

Computed tomography (CT) and magnetic resonance im-
aging (MRI) are the mainstays in imaging of NS infections.
CT is highly sensitive for detecting hemorrhage, mineral
deposits, and bony defects. MRI, however, is superior in most
other respects. In NS infections, MRI can delineate edematous
areas with increased vascular permeability and can show
ischemia, necrosis, and pus. Infection may cause interruption
of the blood brain barrier (BBB), which can appear as abnor-
mal enhancement on postcontrast T1-weighted (T1W) MR
sequences. MR thus further assists in the diagnosis of
infection of either the brain parenchyma (cerebritis), the
meninges (meningitis), or both. The T2 fluid-attenuated
inversion recovery (FLAIR) sequence suppresses CSF
hyperintensity and highlights meningeal inflammation by
distinguishing the hyperintense signal due to inflammation
from the hypointense signal of cerebrospinal fluid in the
sulcal and cisternal spaces. The short tau inversion recovery
(STIR) sequence helps identify spinal or soft tissue inflam-
mation by suppressing the hyperintense signal from fat.
Both cytotoxic edema resulting from the infection and the
hypercellularity of abscesses restrict the free movement of
water molecules. This change in water diffusivity is seen in
diffusion-weighted imaging (DWI) sequences on MRI. Vas-
culopathy, vascular occlusion, vascular dissections, and an-
eurysms can be appreciated noninvasively using either CT
or MR angiography. MR spectroscopy can sometimes help
differentiate infectious from neoplastic processes such as in
tuberculomas and other space-occupying infections easily
confused with tumors.

Incorporating neuroimaging into clinical practice can facil-
itate rapid diagnosis of life-threatening NS infections and
reduce leading global disabilities due to NS infections such
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as hearing loss and vision problems [1]. In addition to diag-
nosing NS infections, imaging is essential in clarifying the
etiology of clinical deterioration, in prognostication, in as-
sessment of treatment efficacy, as well as in planning neu-
rosurgical interventions when required. The first part of this
two-part review will focus on the main imaging findings
involving infections of particular regions of the central ner-
vous system (CNS) and the characteristic imaging findings
of selected bacterial and parasitic infections. The second part
of this two-part review focuses on neuroimaging of fungal
and viral NS infections.

Pyogenic Meningitis

A life-threatening emergency, bacterial meningitis requires
immediate initiation of antibiotics and, when possible, prompt
diagnostic CSF sampling. Notwithstanding, meningitis re-
mains a diagnostic challenge due to variable clinical presen-
tations depending on the microorganism, stage of infection,
and immune status of the patient. A further complication is
the unavailability of proper investigational modalities in
resource-poor settings. History, physical exam, and identifi-
cation of risk factors are crucial in determining the need for
imaging prior to safe performance of lumbar puncture (LP).
Focal neurologic deficits, papilledema, a reduced level of
consciousness (Glasgow coma scale <I1), new-onset sei-
zures within a week of presentation, as well as a history of
stroke, mass lesions, or CNS infections in the immune-
compromised setting all necessitate head imaging prior to
LP [2]. Absence of the above clinical features correlates
with normal CT imaging in up to 97 % of cases. CT
findings that comprise contraindications to performing an
LP include flattened or effaced cortical gyri, narrowed sulci,
loss of gray and white matter differentiation, effacement of
the basal cisterns or of the fourth ventricle, compressed
ventricles, noncommunicating hydrocephalus, parafalcine
or cerebellar tonsillar herniation, and lateral displacement
of midline structures [3]. Given the serious sequelac of
delaying diagnosis and treatment of bacterial meningitis,
the absence of head imaging should never delay the LP
when clinical suspicion for herniation is low [4, 5].

In early pyogenic meningitis, CT and MR imaging may
be normal. With disruption of the BBB, however, imaging
becomes abnormal. Meningitis is associated with edema
and potential compression of the ventricular system, lead-
ing to transient ventricular dilatation, widening of sub-
arachnoid spaces along the interhemispheric fissures, and
enhancement of the leptomeninges on contrast-enhanced
CT or MRI [6]. CT without contrast may show ventricular
dilatation and effaced sulci or basal cisterns occasionally
with inflammatory debris seen as increased CSF density
[5]. Precontrast TIW MRI may show isointense exudates
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obliterating the basal cisterns, which will appear hyperin-
tense on T2W images. The T2-FLAIR sequence
distinguishes leptomeningeal enhancement from hyperin-
tense CSF with increased protein content. In cases of
endarteritis obliterans, venous thrombophlebitis, and other
thromboembolic events, cytotoxic edema can be evident as
reduced diffusivity on the DWI sequence [7¢¢]. While
communicating hydrocephalus is the most common com-
plication of meningitis, other complications include
ventriculitis, infarction, cerebritis, abscess, myelitis, and
subdural empyema formation. The most common abnor-
mal findings on cranial imaging in adults with pneumo-
coccal meningitis, for instance, are hypodense lesions on
unenhanced CT that raise suspicion for brain infarction
(17-30 %), brain swelling (20-29 %), and hydrocephalus
(5-16 %) [8].

Cerebritis and Abscess

When infection proceeds along the perivascular spaces into
the brain parenchyma, it produces cerebritis. On imaging,
cerebritis is characterized by focal areas of vascular conges-
tion, petechial hemorrhage, and edema. Cerebritis proceeds in
four stages: early cerebritis, late cerebritis, early capsule for-
mation, and late capsule formation. In the early phase of
cerebritis, CT shows an ill-defined area of low attenuation
with surrounding mass effect, while MRI shows T1
hypointensity and T2 hyperintensity with little or no contrast
enhancement. DWI is the key diagnostic sequence, showing
marked diffusion restriction resulting from cytotoxic edema
and from highly cellular pus [7¢¢]. As the immune system
attempts to contain the area of infection, peripheral encapsu-
lation and central liquefactive necrosis ensue. Abscess cap-
sules tend to form peripherally and are often somewhat thinner
on the side proximal to the ventricle. Encapsulation initially
demonstrates three characteristic imaging findings on
contrast-enhanced CT: (1) a hypodense, nonenhancing, ne-
crotic center; (2) a faintly hyperdense, enhancing rim; and (3)
surrounding hypodense, nonenhancing edema. TIW MRI
shows similar hypointensity at the center of the abscess,
surrounded by an isointense or mildly hyperintense rim, and
a peripheral region of hypointense edema. T2W MRI shows a
moderately hyperintense center surrounded by a relatively
hypointense rim and hyperintense surrounding edema [9].
Once the abscess is fully formed, it has a well-defined, com-
plete capsular ring that enhances strongly and uniformly with
contrast on both CT and MR imaging. Surrounding edema
may subside somewhat with these changes. The most com-
mon causative bacteria are Streptococcus and Staphylococcus
species. Fungi, parasites, and mycobacteria are found in less
than 2 % of cases [10].
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Ventriculitis

Ventriculitis, referring to inflammation of the ependymal
lining of internal CSF spaces, is a frequently lethal com-
plication encountered in up to 30 % of cases of meningi-
tis. Staphylococcus and Enterobacter species are the most
common culprits in postcranial surgery patients [11]. Chronic
inflammation of the ependyma may cause ependymal cell over-
growth, septation, or segmental dilatation of ventricles and
manifests radiographically as periventricular hyperintensities
and “entrapped” ventricles, best seen on T2W MRI sequences.
There is also a prominent enhancement of the involved
ependyma following contrast administration (Fig. 1). Intraven-
tricular septations and adhesions can be diagnosed by cranial
ultrasonography in neonates. The hallmark of ventriculitis is
the presence of irregular purulent debris in the dependent
portions of the ventricles with associated restricted diffusion.
Periventricular calcification is very rare in pyogenic
ventriculitis compared to viral infections [7¢e, 12].

Subdural Empyema

Bacterial infection can track via retrograde thrombophlebitis
into the calvarial emissary veins and from there to the subdural

space, causing subdural empyema [13]. This purulent extra-
axial fluid collection is an uncommon complication of men-
ingitis and is seen in roughly 15 % of all extra-axial fluid
collections [7¢]. Due to proximity of the brain parenchyma to
the rich venous network in the subdural space, empyema often
requires combined medical and surgical treatment [14]. CT
can show a lentiform collection that is slightly denser than
CSF, but the location near the cranial vault limits the diagnos-
tic accuracy of CT, especially for empyema in the posterior
cranial fossa [13]. MRI can help differentiate purulent from
sterile effusions, the latter of which are a more common
complication of meningitis and often resolve spontaneously
over weeks to months. Contrast enhancement of the dura on
T1W MRI and restricted diffusion on DWI are key in differ-
entiating empyema from nonpurulent extra-axial collections.
Other imaging characteristics are similar to those seen in
pyogenic abscess [15].

Pyogenic Spinal Infection

Pyogenic infections of the spine have a broad spectrum of
clinicoradiological manifestations varying from discitis to
osteomyelitis and from epidural to intramedullary abscesses.
Discordance between symptoms and extent of infection, as

Fig.1 Neuroimaging of selected infections. Sagittal (a) and axial (b) T1-
weighted MRI of the thoracic spine following intravenous administration
of gadolinium. There is extensive abnormal epidural enhancement and a
space-occupying mass that deforms the spinal cord, most prominent at the
T4-T6 vertebral levels (arrows) from a patient with pyogenic spinal
epidural abscess. ¢ Coronal T1-weighted MRI following intravenous
administration of gadolinium demonstrating left lateral ventricular

enhancement (arrow) in bacterial ventriculitis. d Sagittal CT of the brain
showing multifocal calcifications without surrounding edema in a patient
with calcific neurocysticercosis. e, f From a patient with a degenerating
neurocysticercosis lesion. e An axial T1-weighted MRI following intra-
venous administration of gadolinium showing a left temporal rim-
enhancing lesion (arrow), and f an axial CT of the brain showing onset
of calcification of the same lesion (arrow)
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well as the inability to identify the exact pathologic process
from physical exam and history alone, make imaging invalu-
able in identifying the severity of infection and in assessing the
urgency of medical or surgical intervention. Common Gram-
positive organisms infecting the spine are Staphylococcus spp.,
Streptococcus spp. including pneumococcus, and Enterococcus
spp., while common Gram-negative offenders are Escherichia
coli, Salmonella spp., Pseudomonas aeruginosa, and Klebsiel-
la pneumoniae [16]. Within 2 weeks of ongoing infection, there
is 3040 % of vertebral bone matrix loss, and at that time,
abnormalities on plain X-ray films become apparent. There-
fore, X-ray is not sensitive early in infection. Vertebral end
plate erosion is the most reliable sign in acute infection follow-
ed by vertebral body lysis, involvement of the disk space, and
loss of disk height. Chronic infection can lead to frank spinal
deformities, such as unnatural kyphosis or scoliosis. Although
MR is the imaging modality of choice, combined labeled
leukocyte and technetium-99m sulfur colloid marrow imaging
is equally accurate in the diagnosis of complicated osteomye-
litis [17]. The more cost-effective and readily available tech-
nique, however, is CT, which enables visualization of bony
sclerosis and end plate irregularity commonly seen with the
initial loss of trabecular bone architecture. Subsequently, soft
tissue replacement of the bone, erosive changes at the end plate,
and direct inoculation of the disk space can be seen on CT.
Contrast-enhanced CT is usually obtained when MR is contra-
indicated, since epidural venous plexus enhancement can help
highlight the degree of mass effect on the thecal sac.
Myelography can be used if the thecal sac is not well visualized
on contrast-enhanced CT [18].

Early on, vertebral body bone marrow edema is
hypointense on TIW and hyperintense on T2W MRI. The
addition of gadolinium shows enhancement of the disk space,
the adjacent vertebral bodies (particularly the end plates), and
occasionally the epidural and paravertebral soft tissues.
Hyperintensity on T2W MRI and loss of the internuclear cleft
(a central, transverse T2W MRI hypointense band in the
intervertebral disk) are reliable signs of early discitis. End
plate erosion distinguishes pyogenic spondylodiscitis from
the Modic type I reaction of noninfectious degenerative disk
disease. Gallium scanning can sometimes be used to monitor
response to treatment [18].

Spinal Epidural Abscess

Spinal epidural abscess is a medical emergency, as it can lead
to spinal cord compression with long-term sequelae or death.
Staphylococcus aureus is the causative organism in 70 % of
patients. MRI, the imaging modality of choice, shows an
extra-axial purulent collection as isointense or hypointense
on T1W images and hyperintense on T2W images. The
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collection usually partially enhances with contrast (Fig. 1)
and restricts diffusion on DWI [19].

Infectious Myelitis

Infectious myelitis has many causes that vary by geographic
location. Most common in developed countries is direct infec-
tion and/or indirect inflammation of the cord parenchyma
mediated by a virus. Intramedullary abscesses or vascular
complications from surrounding osteomyelitis can also occur
in bacterial infection. MRI is the mainstay of diagnostic imag-
ing for any type of spinal cord inflammation. Nonvascular
myelitis typically appears as a region of hyperintensity on
T2W MRI and iso- to hypointensity on TIW MRI in a non-
vascular distribution with variable enhancement and parenchy-
mal expansion. While hemorrhage is uncommon in pyogenic
myelitis, it can be seen in myelitis due to certain viruses [18].

CNS Tuberculosis

Tuberculosis (TB) is one of the leading infectious causes of
death worldwide. CNS TB can cause significant morbidity
and mortality, especially among children and HIV-infected
patients. Clinically, CNS TB manifests as meningitis,
tuberculoma, or tuberculous abscess [20]. Even though tuber-
culous meningitis (TBM) is often described as a subacute or
chronic form of meningitis, it can present acutely [21]. Accu-
rate diagnosis can be challenging due to early nonspecific
symptoms and the low yield of CSF smear microscopy and
culture. In patients with no focal neurological deficits, survival
approaches 70 % with early initiation of treatment. To facili-
tate effective early treatment, combining early imaging with
other diagnostic testing is essential in preventing long-term
disability and death [20].

The pathophysiology of TBM typically involves reactiva-
tion of dormant bacilli in a granulomatous focus in or near the
meninges with dissemination of bacilli into the subarachnoid
space. Days to weeks later, meningitis ensues, causing an
intense inflammatory response potentially complicated by
vasculitis, CSF flow obstruction, infarction, aneurysm forma-
tion, hemorrhage, and/or cranial nerve entrapment. While
gadolinium-enhanced MR is slightly more sensitive than
contrast-enhanced CT, both are valuable in identifying certain
features specific to CNS tuberculosis. The most common
imaging features include hydrocephalus, basal exudates, and
meningeal enhancement. Exudates are usually isointense or
hyperintense to CSF on TIW and T2W MRI. Vascular com-
plications can lead to infarcts, which are commonly seen in the
basal ganglia, since the lenticulostriate arteries are preferen-
tially involved. Infarcts can also be seen in the thalami, inter-
nal capsules, and anterior and middle cerebral artery (MCA)
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territories. Magnetic resonance arteriography may show ves-
sel narrowing in the distal internal cerebral artery (ICA) and
proximal MCA segments. Tuberculomas are round to oval
masses of varying sizes, are solitary or multiple, and are seen
in 10-20 % of the infected population in the United States but
with much higher incidence in endemic areas. Tuberculomas
are commonly located at gray-white matter junctions in the
cerebral cortex and basal ganglia [22]. TIW MRI may show
iso- to hypointense granulomas with occasional hyperintense
rings. T2WI can show variable intensity depending on the
stage of the granuloma and whether the center is solid or liquid
in cases of caseating granulomas. Noncaseating granulomas
are usually T2 hyperintense. Caseating granulomas with solid
centers are T2 hypointense, and caseating granulomas with
liquid-necrotic centers are T2 hyperintense. Gadolinium-
enhanced TIWI show homogenous enhancement in
noncaseating granulomas. Caseating granulomas, on the other
hand, will have peripheral rim enhancement [23]. On MR
spectroscopy, TB abscesses show prominent lipid peaks at
0.9, 1.3,2.0, and 2.8 ppm and lactate peaks with absent amino
acid resonances [24]. Diffusion tensor imaging and white
matter tractography may in some cases help differentiate a
tuberculoma from a demyelinating or destructive lesion, with
displacement of fiber tracts in the former and truncation of
fiber tracts in the latter [25]. HIV-infected individuals present
later in the course of TB infection with subtle nonspecific
manifestations like fever and altered mental status [26]. In
countries with high TB incidence, TBM is most commonly
seen in children, while in lower TB transmission settings,
most cases of TBM occur in adults [21].

Spinal tuberculosis is seen in 10 % of tuberculous menin-
gitis patients [27]. Vertebral body osteomyelitis with second-
ary nerve impingement is the most common presentation and
usually involves the thoracic more than the lumbar and cervi-
cal regions [28]. MRI in Pott disease reveals vertebral T1
hypointensity and T2 hyperintensity with contrast enhance-
ment, progressing to vertebral body collapse and subsequent
cord compression. TB less commonly leads to intramedullary
or intradural extramedullary tuberculomas, granulomatous
myeloradiculitis, and spinal artery vasculitis with accompany-
ing spinal cord infarction. Tuberculomas have contrast-
enhancing T1 hypointense rims with high T2 signal centrally,
whereas granulomatous myeloradiculitis may show contrast
enhancement and thickening of the meninges and spinal roots
[29]. Subarachnoid nodules, clumping of the cauda equina
nerve roots, and CSF loculations are some of the other typical
features [28].

Neurosyphilis

Neurosyphilis, seen in 5-10 % of infected patients when left
untreated, is not limited to any particular stage of syphilis

and manifests as a spectrum of disease [30]. While early
neurosyphilis affects the meninges, CSF spaces, and blood
vessels, late neurosyphilis preferentially affects the brain
and spinal cord parenchyma [31]. Neuroimaging is in-
creasingly used in differentiating syphilitic vasculitis from
other vasculitides, as well as in early diagnosis of
neurosyphilis, and in monitoring treatment response. Early
neurosyphilis causes asymptomatic or symptomatic menin-
gitis and meningovasculitis. Imaging at this stage may
show lepto- or pachymeningeal thickening and ventricular
dilatation. Meningovascular disease is an infectious arteri-
tis involving medium- to small-sized arteries, which can
lead to thrombosis, ischemia, and infarction. Imaging thus
shows cortical and subcortical infarcts in the basal ganglia
and middle cerebral artery territories on DWI and T2-
FLAIR images. Multiple infarcts of different ages, intrace-
rebral or subarachnoid hemorrhage, and impaired cerebral
perfusion on perfusion MR imaging are other characteristic
findings of syphilitic vasculitis. Angiography may demon-
strate focal segmental arterial narrowing, focal narrowing
with adjacent dilatation, or complete occlusion of the
basilar, proximal anterior cerebral, middle cerebral, and/or
supraclinoid carotid arteries. Focal meningeal inflammation
may lead to syphilitic gummas, which are areas of inflam-
mation that present as mass lesions contiguous with the
leptomeninges, blood vessels, or brain parenchyma. Neu-
roimaging may show focal areas of enhancement adjacent
to the pachymeninges with a “dural tail” and parenchymal
edema, often indistinguishable from primary or metastatic
brain tumors, meningiomas, or sarcoidosis. CT may show
multiple low-density areas involving both gray and white
matter with linear nonhomogenous enhancement. MRI is
superior to CT in differentiating these possibilities and
shows a leptomeningeal gyriform pattern of enhancement.
Other possible findings include bilateral mesial temporal
T2 hyperintensities; nonspecific white matter lesions in-
volving the frontal and temporal lobes, the hippocampus,
and periventricular areas; and the involvement of optic and
vestibular nerves. In late-stage disease, parenchymal atro-
phy is the most common imaging finding [7¢, 30].

Isolated involvement of the spine by syphilis is rare in the
present era with a fivefold lower incidence than cerebrospinal
syphilis and syphilitic meningomyelitis. However, tabes
dorsalis (posterior column and nerve root involvement), hy-
pertrophic pachymeningitis, gummas of the spinal cord with
possible resulting compressive myelopathy, spinal syphilitic
vasculitis with resulting infarction, and syphilitic osteitis
(or syphilitic aortitis) are all clinical manifestations occa-
sionally encountered [32]. When neurosyphilis affects the
spinal cord, spinal imaging may show nonspecific nodular
or linear enhancement with diffuse T2 hyperintensities on
MRI, pachymeningeal enhancement, or atrophy, depending
on the type of involvement [33].
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Lyme Neuroborreliosis

Lyme neuroborreliosis (LNB) is caused by CNS infestation
with the vector-borne spirochete Borrelia. CNS involvement
is seen in 10-15 % of patients with disseminated disease in the
first few weeks to months after infection. Two thirds of
affected patients develop a lymphocytic meningitis, about half
develop a painful radiculitis, and fewer develop cranial neu-
ropathies [34]. Nonspecific imaging findings most frequently
reported are cranial nerve enhancement (mainly of the third,
fifth, and seventh cranial nerves) although a clinical correla-
tion between multiple enhancing cranial nerves and neurolog-
ic symptoms is often lacking. Therefore, an incidental finding
of cranial nerve enhancement on MRI is not pathognomonic
for Lyme, and a diagnosis of Lyme neuroborreliosis should
only be pursued in the appropriate clinical context.

Facial neuropathy (3—5 %) and meningitis (1 %) are
the most common manifestations of neuroborreliosis in
pediatric populations. In children, the clinical course is
both milder and shorter. MR findings in pediatric Lyme
infection include the presence of prominent Virchow-Robin
spaces, T2 hyperintense white matter lesions with occasional
enhancement, and pial or cranial nerve enhancement. This
abnormal enhancement typically resolves with adequate anti-
biotic treatment [35].

When there is spinal involvement, imaging may show a
variable combination of intramedullary lesions and
leptomeningeal or spinal nerve root enhancement, as seen in
other infectious and autoimmune processes. T2W spinal MRI
may show diffuse or multifocal hyperintensities. Given these
nonspecific imaging findings, accurate diagnosis depends on
additional confirmatory serologic testing, as well as the ap-
propriate history and clinical context [36]. Table 1 illustrates
the most common CT and MR imaging findings, the most
important diagnostic clues, the imaging modality of choice,
and the radiographic differential diagnosis for all the bacterial
neurologic infections described above.

Parasitic Diseases
Cerebral Malaria

Cerebral involvement occurs in 2 % of those affected with
malaria and is life-threatening. Even with appropriate treat-
ment, malarial infection is lethal in 25 % of patients with CNS
involvement [37]. The neuropathogenesis of cerebral malaria
is thought to be related to cytoadherence of parasitized eryth-
rocytes causing hyperviscosity, vascular occlusion, and leak-
age of cerebral capillaries and venules. This results in diffuse
cerebral edema, widespread small, ring-shaped hemorrhages
located in the subcortical white matter of the cerebral hemi-
spheres, and in cerebral infarcts [38]. Early diagnosis is crucial
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for optimizing outcomes as cerebral malaria rapidly pro-
gresses to coma or death. Without prompt treatment, survival
is associated with devastating neurological sequelae [38].

Cytotoxic edema due to ischemic injury appears as focal or
diffuse hyperintensities on T2ZWT and is most commonly seen
in the centrum semiovale, corpus callosum, thalamus, and
insular cortex and less commonly in the pons, medulla, and
cerebellum [39]. Corresponding restricted diffusion is not
reliably present in these areas. The most common imaging
findings reflect cerebral edema and hemorrhagic infarctions
[37]. Magnetic resonance spectroscopy (MRS) can measure
lactate, a key indicator of the severity of pathology related to
cerebral malaria. The presence of a lactate peak is an impor-
tant independent predictor of poor outcome [40].

Neurocysticercosis

Neurocysticercosis is the single most common cause of
acquired epilepsy in the developing world [41]. The CNS
is involved in 60-90 % of patients with cysticercosis [42].
An accurate diagnosis requires neuroimaging. While CT is
the best screening imaging modality, MRI is more sensitive
in diagnosing parenchymal cysts and detecting lesions in
the brain stem, ventricular system, and subarachnoid spaces
[43]. Imaging features of neurocysticercosis are dependent
on location (parenchymal, subarachnoid, intraventricular,
and spinal), stage of parasite evolution (vesicular, colloid,
granular, and calcified), host immune response, and possible
complications (infarction, vasculitis, and basal leptomeningitis).
CT typically shows discrete hyperdense 1-10 mm nodular
lesions with or without peripheral edema or enhancement (see
Fig. 1) [41]. Parenchymal cysts are usually 520 mm in diam-
eter and evolve from a singular scolex to a rim-enhancing and
eventually to a calcified lesion after involution. Cysts are usu-
ally located near the cortical gray-white matter interface. Less
commonly, parenchymal lesions can also be found in the brain
stem and cerebellum. Extraparenchymal lesions appear as
space-occupying lesions in the ventricles or subarachnoid
spaces. In the Sylvian fissure, these cysts can become extremely
large and, when located in the third or fourth ventricle, can
produce obstructive hydrocephalus. The presence of a scolex in
a cyst is a diagnostic criterion for diagnosis of definite
neurocysticercosis [41].

The vesicular stage consists of small, rounded, cystic le-
sions that are well demarcated from the surrounding brain
parenchyma, have an eccentric internal nodule (scolex), have
little or no perilesional edema, have no abnormal enhance-
ment after contrast administration, and have a pathognomonic
“hole-with-dot” appearance [43]. Cyst fluid intensity is similar
to CSF on T1WI and T2WI and may be somewhat hyperin-
tense on T2-FLAIR [44]. Scolices are iso- to hyperintense on
T1WI and T2WI [42]. The high burden of these lesions can
make the brain parenchyma have the appearance of “Swiss



Page 7 of 13, 443

Curr Infect Dis Rep (2014) 16:443

QUIOIPUAS JOYSI,] JI[IA
‘SISOPIOJIES ‘SISOJRUIOUIPIRD
[ea3uruowo)day

‘spIduruow Je[iseq

SIS010[0S
ordnnur ‘uonoreyUT [BIGI0)

(ewonozaqny)

Jown) J0 SS99Sqe ‘spIguruout

[eSuny Jo [eLo)oeq ‘onsejdodu
‘sTTydASoInau ‘SISOPIOdIBSOINAN

e[ysy emp ‘wsejdosau p1odo

Teurds ‘uonoreyur p1oo [eurds

SHITOAT SUNTIIIOINE IS0 10
(ONN) ®ondo snrjeAwoInaN

3

BUIOJRLIOY
‘ersejdoau [enpenxyg

sisojnozoqny ‘ersejdoau eurds
“OSBaSIP YSIp dAnRIULSOq

moj rewApuddosuen
‘sagueyo pajejar Aderoyiowayd
‘peaids onsejdoau rewApuady

SS90sqe
[BLI9}OBQUOU “BUIO[NUEIT
‘wsejdoau 9110100U 10 J1ISAD)

JOIBJUL OTWIOYDS]

SISOPIOOIES ‘SHISUTUAW
[esrayod 10 onsejdoaN

wo)s urelq
ysnoxy syno urny) pue [MA
v 1d

-z 1senuod yim 1IN

VI senuod
IMd IV Id-TL W IN

(Ayder3or3ue
Q0UBUOSAI onouFew) VYN
Jsenuoo T PIM TIN

JSETUOD YNM TN

ILS PU® ISEHU0D Yym [N

WILS pue 3senuod ym [N

MIVId-TL
pue [ ISENU00 M TN
1Md PUE JSENUOd YIM [N

ma

ma
pue 1Senuod YA [N

JUSWIOUBYUS SAISU Jeruer)

oFeyuoway
prouyoeIeqns pue [eIqeIdoRIUI
‘so3e)s snoLrea Jo sjoreyur aydnniA

(sewonoraqny) SUOISI|

[ewAyouaied-/+ JuowadURYUD

[ed3UIUSW pUE 9JBPNXI [BSEq
‘snjeydoooIpAy Jo uoneuIquio))

JUSWIOOUBTUD J[qBLIBA [HIM
pI0o Jo AsuuuadAy 71,

SHI[EAW09)S0 Juadelpe
A T0noa[0d [emprdy

uorsoo derd

PUd pue [A\ L UO MOIIEw
ouoq osudjurodAy pauryap-[|

JUSWIOOUEBYUS PUE
Ansuoyuridd Ay rewkpuodo
‘snd/stiqop Je[noruoAenuy

UOISNJJIP PAJOLYSAI [BUINUT
M UOISI] SUIOUBHUL-TITY

UONOLISOI UOISTFIP POSIRIA

BUIAPI O1X0J0IAD JO BAIR A1)
UL UOISIJIP POJOLISAI [HIM

JuWIRdURYUS [eagurudwoydo]

JUSWIOOUBYUD
[ea3uruawo}do] [euoIsSEs20

‘(A ‘I ‘TIA ND) uoWwodueyud
QAIdU [eruelId EQﬂ:SE 10 duQO

JUSWIOJURYUS ULIOJLIAS IM

pue IV 14-CL Uo spolejul
[e913100gNS 1O [B213100 A[dn NN

IA\T.L 3Se1U09 uo ewonueid

Suneases Jo JUSWOOURYUS WL

pue ewonueld Jurjeaseouou

JO JuaWIOdURYUS snoudFouoy
UOWIOOUBYUS [edSUTUOW Je[Iseq

uorsuedxa i3 p1od

JO/pue JUSWOULYUD

S[qeLIeA [IM UOHNQLOSIP

IE[NOSBATIOU UT SOSBWI A\ 7T, UO
ewAyoudred p1od asuoyuLdAHq

JUSWIOOUBYUD

ISEIJUOD J[qBLIBA UM [T UO

osuauLdd Ay pue [\ [ 1 asuoyutodA
9oeds mourew Jo/pue 2oeds SIp Jo

(YILS 10) MZL uo AnsuojuriodAy

pue M 1L uo AysugyuiodAHq

snxa[d proIoyd SNOJEWAP
/PaSIE[US PUE S[[eM JR[NOLHUSA
JO JUSTIAOUEYUD SI[OLIUAA JO

SLQop DAV Padnpar ‘T uo wSug
Burun] ewApuads Jo AnsuoyunadAy 7,

WL SUIOURYUD ISEIUOD YJIM BUIIPD
Surpunoxms T0ju00 asuuodAy -JM T L

JUSWIOOUBYUD

JSERUO0d JNOYIM uoneguojord 71, pue [T,

UOISNJJIP PAJOLYSAI ‘UIAISIO

pue 10[ns ur ANsuoNLadAY Y1V TA-TL

VN
JUSWIOOURYUS SNOdUdFowoy

UM JopeW IYM pue K13
urajoAut
seare asuapodAy ordnnpy

BWIO[NOIOqN)
SuroueyuL-WLI 10 PI[OS
JUSWIOOUBYUD [edSuruow [eseq

I3

uorsuedxa p10)
uono9[oo [empide Suroueyuy
9erd puo jo

Aje[noLI pue SISoId[ds Auog

uoneydes pue suqop Jenai

pue soSewI POOUEBYUD JSENUOD UO
UISIeW JE[NOLIUSA JO JUSWIOOUBYUY

Wi asuopIodAy yim eare

SurpunoLmns pue 10judd asuopodAH

JOQJJO SSBU YIM
suorsa] asuapodAy pauryap-1[|

snjeydoooIpAy ‘orepnxd
[eUIDISIO 1O I[Iseq osudpIodAHq

SISOT[OII0qOINAN.

sydAsomaN

SISO[NOIqNL, SND

STI[OAT SNOT)OSJUT

ss20sqe [ernpido
[eurds orueSoAJ

uonoayul
[eurds orua3oAq

SOINOLIIUSA

SSAIS! n—.m Teljoeyq
SIQ1D)

spiuruowt
[eLdoRg

sisougerp
[enuaioyIp oryderdorpey

201010 JO
Ayirepowr Surgewry

anyo onsougerp
SurSewn jueprodur JSOJA]

(yuasord uoym)
s3utpuy AN

(yuasard uoym)
sguipuy 1D

uonooyul
o130[01ndu Jo odAT,

sornyed) omyder3orper Jo SISOUSeIp [BNUSIAYJIP PUB SUOTIJUI [BLIDIOEq 91F0[0INau JO sained) Sureun A9y | J[qeL

pringer

As



443, Page 8 of 13

Curr Infect Dis Rep (2014) 16:443

cheese.” In contrast, the colloidal stage is usually character-
ized by ill-defined rim-enhancing lesions with surrounding
edema but only rarely with visualization of a scolex. TIWI
may show hyperintense cystic fluid also seen on T2WI, and
surrounding edema in the colloidal stage may be seen as
surrounding T2W hyperintensity [43,42]. DWI may highlight
the presence of a scolex as a hyperintense nodule with diffu-
sion restriction within the vesicle that is iso- to mildly hyper-
intense compared to CSF [45¢]. In the absence of scolex
visualization, the radiographic differential diagnosis includes
tuberculomas, pyogenic brain abscesses, mycotic granulomas,
and primary or metastatic brain tumors [41]. The granular
stage shows similar characteristics as the colloidal stage but
may have a more intensely enhancing cyst wall and more
surrounding edema; given the variability in host response,
however, this is difficult to quantify, and there is a substantial
overlap. The final calcified stage typically consists of
completely mineralized 2—10 mm lesions. Among MRI se-
quences, susceptibility-weighted imaging is useful in identi-
fying the calcified cysticerci, as other sequences may miss this
finding [43]. Of note, cysts at different stages of development
and resolution of lesions after antiparasitic treatments are a
major diagnostic criteria for neurocysticercosis [41]. MR
spectroscopy of cyst fluid may show lactate, acetate, succi-
nate, and other amino acids also found in pyogenic abscesses,
but unlike in abscesses, restricted diffusion on DWI is not seen
in neurocysticercosis lesions [44].

Different stages of parasite development are also encoun-
tered in extraparenchymal disease. Subarachnoid (cisternal)
forms are seen in 2-3 % of infected patients [41]. Subarach-
noid cysts can attain a larger diameter (up to 60 mm) and
become multilobulated, resembling a bunch of grapes [41,
45¢]. These cysts are typically located in the Sylvian fissure
or basal cisterns, where they behave as space-occupying
lesions and are referred to as the “racemose” form of
neurocysticercosis. Cysts in cortical sulci tend to remain
small [43]. Hydrocephalus and leptomeningeal enhance-
ment are commonly seen due to both inflammatory block-
age of CSF flow as well as fibrous arachnoiditis. When
vasculitis occurs as a complication of neurocysticercosis,
arteriography may demonstrate segmental narrowing or oc-
clusion of major intracranial arteries, with the middle and
posterior cerebral arteries most commonly affected [45¢].
Multiple vessel involvement is seen in 50 % of cases and
infarcts related to arteritis occur in 2—12 % of patients.

Intraventricular lesions are seen in 10-20 % of patients
with neurocysticercosis. The most common site of intraven-
tricular cysts is in the fourth ventricle (53 %), followed by the
third ventricle (27 %), the lateral ventricle (11 %), and the
cerebral aqueduct (9 %) [45+]. High-resolution, highly T2-
weighted MR sequences, such as constructive interference in
the steady state (e.g., CISS), are highly sensitive for detecting
intraventricular cysts [44]. Cysticercal involvement of the

@ Springer

spine is rare, with lesions in the subarachnoid space being
more common than lesions in the spinal cord itself. Approx-
imately 5 % of patients with basal cisternal leptomeningitis
also have spinal cord lesions. Therefore, spinal MRI is
indicated when basal leptomeningeal inflammation is en-
countered and the patient presents with myelopathy. The
MRI appearance of cysts in the spinal subarachnoid space
is similar to that of cysticercosis involving other CSF
containing spaces. Overall, spinal cord lesions are seen
in only 1 % of affected patients [44].

Myocysticercosis

Intramuscular cysticercosis has nonspecific, if any, clinical
manifestations, and diagnosis can be difficult since lipoma,
neurofibroma, fibroma, and muscle abscess may have similar
radiographic appearance. High-resolution ultrasonography
(US) can demonstrate the intramuscular cyst as a homoge-
nous, hypoechoic lesion with an eccentric hyperechoic scolex.
US is a convenient, easily available, and cost-effective method
for detecting superficially located cysts. CT may reveal
well-defined lesions with a central hypodensity. MRI,
however, not only shows the stage of the lesion but also
highlights the extent of inflammation in the surrounding
muscle and soft tissue [46]. Calcified myocysticercosis can
be seen as radiographic hyperdensities on plain films or
CT scan. Case reports show involvement of various mus-
cles throughout the body, predominantly muscles in the
face and neck including temporalis, masseter, extraocular,
mylohyoid, sternocleidomastoid, pterygoid, paravertebral,
pharyngeal, and femoral muscles [47]. Diagnosis of
myocysticercosis by identification of cysticerci in the ex-
tracranial musculature can facilitate early treatment when
neuroimaging is equivocal [47].

Neuroschistosomiasis

Schistosomiasis affects 240 million people worldwide [48].
CNS involvement is caused by migration of adult worms
followed by in situ oviposition or by massive embolization
of eggs through retrograde venous flow in the Batson venous
plexus. Brain lesions occur more frequently in Schistosoma
Jjaponicum-infected patients, whereas Schistosoma mansoni-
or Schistosoma hematobium-infected patients more often de-
velop myelitis, but these are not mutually exclusive [49, 38].
Acute schistosomal encephalopathy presents with edema and
multifocal, small, contrast-enhancing lesions in the frontal,
parietal, and occipital lobes, as well as in the brain stem. While
the pathogenesis of schistosomal encephalopathy remains to
be elucidated, multiple cerebral infarctions, particularly at
arterial border zones, have also been reported [49]. Encepha-
litis may present with a tumor-like mass on CT appearing as a
hyperdense lesion of unclear (possibly hemorrhagic) etiology
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surrounded by a hypodense halo of edema. MRI shows foci of
T1 hypointensity and T2 hyperintensity with contrast en-
hancement. A characteristic MR imaging pattern is a large
mass consisting of multiple intensely enhancing nodules,
sometimes with areas of linear enhancement. The central
linear enhancement surrounds multiple enhancing punctate
nodules, forming an “arborized” appearance. This, however,
is a nonspecific imaging finding that can be seen in granulo-
matous CNS infections, as well as several other conditions.
Antihelminthic treatment usually causes symptomatic im-
provement within 6 weeks with complete resolution of the
abnormal imaging findings within 6 months [45¢].

Spinal schistosomiasis is the best-known form of
neuroschistosomiasis. It is classified into three forms:
medullary (spinal cord involvement), myeloradicular (spinal
cord with nerve root involvement), and conus-cauda equina
syndrome (inferior cord and nerve roots involved) [49]. MRI
is very sensitive but nonspecific. Hyperintensity on T2WI
with isointense lesions on TIW imaging, enlargement of the
spinal cord (typically lower cord and conus medullaris), thick-
ening of spinal roots (especially in the cauda equina), and a
heterogeneous pattern of contrast enhancement (nodular, pe-
ripheral, or linear radicular) on TIWI are the most common
findings [49, 45+]. An arborized appearance is also possible.
CT myelography is a less sensitive method that might be
normal or show enlargement of the spinal cord, partial or
complete block of CSF flow in the spinal canal, and irregular
thickening of nerve roots [49].

Cerebral Toxoplasmosis

Toxoplasmosis is an opportunistic protozoal infection typical-
ly found in immunocompromised patients with a history of
HIV infection or bone marrow transplantation. Waning cell-
mediated immunity leads to activation of latent “encysted
bradyzoites” and liberation of free tachyzoites [45¢]. Neuro-
imaging can aid in the diagnosis and abrogate the need for
lesion biopsy. MRI is the most sensitive and thallium 201
SPECT is the most specific imaging technique available.
Cerebral toxoplasma lesions are usually multiple (85 %),
but they can also be solitary (15 %). On unenhanced CT,
lesions appear hypodense with surrounding edema and mass
effect. Postcontrast imaging may show uniform enhancement,
nodular enhancement, or rim enhancement. MRI lesions
typically contain three zones with corresponding T2WI
and T2-FLAIR findings: (1) a central zone of coagulative
necrosis appearing as a central hyperintensity, (2) an inter-
mediate zone of hypervascularity and accumulated inflam-
matory cells with tachyzoites causing a hypointense rim,
and (3) a peripheral zone of vasogenic edema and encysted
parasites causing a surrounding region of hyperintensity
[45e, 50]. Postcontrast T1 images show rim enhancement
of the intermediate inflammatory zone. A capsule is not

@ Springer

present. An eccentric (asymmetric) target sign is an insen-
sitive but highly suggestive sign of toxoplasmosis; it is
present in 30 % of cases. The target sign is characterized
by a small eccentric nodule along the wall of the enhancing
rim. It is typically located in the basal ganglia (75-85 %),
in the thalamus, at the corticomedullary junction, and in the
brain stem. Toxoplasmosis sometimes involves the corpus
callosum with a “butterfly” pattern similar to the radio-
graphic appearance of glioblastoma multiforme or primary
CNS lymphoma [45¢]. Key features, such as a subcortical
location, multiplicity of lesions, an asymmetric “target
sign,” and evidence of intralesional blood products, help
distinguish toxoplasmosis lesions from CNS lymphoma and
other CNS tumors. Of note, patients with AIDS and
patients who have undergone bone marrow transplantation
may not be able to produce a normal inflammatory re-
sponse, leading to the absence of edema and mass effect
and the absence of enhancement [45¢]. Therefore, the
clinical response to antiparasitic treatment is a key diag-
nostic feature of CNS toxoplasmosis.

Echinococcosis

Echinococcosis is a zoonotic infection caused by the larval
stage of the tapeworms Echinococcus granulosus and Echi-
nococcus alveolaris causing cystic echinococcosis (CE) and
alveolar echinococcosis (AE), respectively. Cerebral involve-
ment is seen in 1-3 % of infected patients and can be primary
(ranging from single to multiple simple typical cysts to com-
plicated atypical cysts) or secondary, the latter of which is
usually multifocal (either from dissemination or local rupture
of a primary cyst) and indicates a worse prognosis [51]. CE
produces a cystic lesion with mass effect and compression of
surrounding structures. CT or MRI will demonstrate a uniloc-
ular, fluid-filled cyst with a well-defined border, minimal
enhancement, and perifocal edema. T2-weighted sequences
help define liquid cyst content and may reveal daughter cysts
and septae.

In contrast, AE comprises single or multiple multilobulated,
vesicular, grapelike, or nodular cerebral lesions with infiltrative
growth, irregular borders, robust contrast enhancement, and
perifocal edema with occasional calcifications and necrosis
[52]. The territory of the middle cerebral artery is most
commonly involved, whereas the pons, ventricular system,
cerebral aqueduct, subarachnoid space at the cerebellopontine
angle, and the intracranial epidural space are less frequently
involved [51].

Musculoskeletal involvement is seen in 1-4 % of cases.
Like with myocysticercosis, ultrasound serves as an important
diagnostic tool for superficially located intramuscular cysts. It
typically shows thick concentric hypoechoic walls with mul-
tiple echogenic foci due to hydatid sand. This is described as a
“snow storm” appearance. MRI, however, serves the purpose
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of differentiating hydatid cysts from other etiologies. T2
hypointensity is considered highly specific for a hydatid cyst
along with a “scroll appearance” describing a ruptured
endocyst with coiled margins [53].

Chagas Disease

Chagas disease, caused by Trypanosoma cruzi, is a vector-
transmitted tropical disease and a leading cause of stroke in
Latin America [54]. Nervous system involvement manifests
as encephalitis, meningoencephalitis, pseudotumoral mass le-
sions, mild sensorimotor peripheral neuropathy, and ischemic
stroke depending on the immune status of the host and the
stage of disease. Neuroimaging is helpful for diagnostic con-
firmation when a space-occupying lesion, or chagoma, is
suspected in the acute phase or in reactivation of chronic
disease. CT may show a single, supratentorial, nodular lesion
in the parietofrontal lobes that enhances robustly with con-
trast. T1-weighted MRI shows hypointense lesions that en-
hance, and are surrounded by extensive hyperintense areas on
T2-weighted images signifying mass effect. This pattern is
also seen in cerebral toxoplasmosis, among many other space-
occupying CNS lesions [55]. As such, in endemic regions,
concurrent toxoplasma and trypanosoma intracranial infec-
tions are a diagnostic challenge. Worsening neurologic symp-
toms on antitoxoplasma treatment in endemic areas is highly
suggestive of trypanosoma infection in HIV-positive patients
[56]. Cardioembolic ischemic stroke involving the middle
cerebral artery territory from chagasic cardiomyopathy is
one of the most common features of CNS involvement in
chronic infection [57]. Extracranial vessel atheroembolism
and lacunar infarctions are other mechanisms of stroke in
chagasic patients. Subclinical infarctions are detected in
18 % [54]. Table 2 illustrates the most common CT and
MRI findings, the most important diagnostic clues, imaging
modality of choice, and radiographic differential diagnosis for
the parasitic neurologic infections described above.

Conclusion

Neuroimaging is a powerful tool in the fight against neuro-
logic infectious diseases. Its expeditious use could potentially
lessen the global impact and individual morbidity and mortal-
ity of NS infection. CT is cost-effective and often readily
available, rendering it an important tool in emergent, and
resource-limited settings. MRI is superior in detecting nearly
all nervous system infections and, when available, is the
preferred modality for clinicoradiographic and clinicopatho-
logic correlation. Thorough understanding, judicious utiliza-
tion, and accurate interpretation of imaging studies, used in
conjunction with epidemiologic, clinical, and objective data,

facilitate rapid and accurate diagnosis and streamline timely
treatment that can be life-saving and disability-limiting in
bacterial and parasitic infections of the nervous system.
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