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Infectious diseases are among the most 
common disorders of the brain and spine 
in childhood. The manifestation of the 
disease and the MR imaging pattern vary 
widely depending on the time of infec-
tion in relation to the development of 
the brain. Cerebral infections cause dif-
ferent abnormalities of the brain during 
the following time periods:
■ Fetal period: neuro-infections in the 

fetus are also called congenital infec-
tions; they occur in utero

■ Perinatal period: neuro-infections 
occurring around the time of birth are 
also called neonatal infections

■ Later childhood and adolescence
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However, MR imaging patterns also 
depend on the infectious agent causing 
the disease. Neuro-infections can, for 
example, be classified as:
■ Bacterial
■ Viral
■ Parasitic
■ Fungal

When investigating children with pre-
sumed infections of the brain, it is 
important to take into account the imag-
ing patterns of the respective time of 
infection and of the various infectious 
agents.

Congenital infections
Congenital infections of the brain are 
commonly summarized under the 
acronym ToRCH. This acronym stands 
for several infectious agents causing 
congenital infections, i.e.:
■ Toxoplasmosa gondii
■ Rubella virus
■ Cytomegalovirus (CMV)
■ Herpes simplex virus (HSV)

Risk factors for a connatal toxoplasmosis 
are maternal contact with cat faeces and 
eating of raw or undercooked meat. It 
occurs in about 1:3,000 to 1:5,000 live 
births. Imaging often reveals calcifica-

tions in the basal ganglia and in the 
 periventricular region. The children may 
suffer from hydrocephalus, but also from 
microcephaly. In contrast to congenital 
CMV infection, disorders of cortical 
development do not usually occur [1]. 
Generally, the consequences tend to be 
less serious the later the infection occurs 
during gestation.
Due to widespread immunization cam-
paigns, congenital rubella infections 
have become an exceedingly rare occur-
rence in the western world. The severity 
of the infections depends on the gesta-
tional age – infections have an especially 
severe course when they occur during the 
first trimester. The MR imaging appear-
ance can resemble that of connatal toxo-
plasmosis. Microcephaly and calcifica-
tions are observed [2]. 
Cytomegalovirus (CMV) infections are 
by far the most common connatal infec-
tion in the western world. CMV infections 
during pregnancy are estimated to be ten 
times more common than congenital 
toxoplasma infections – occurring in up 
to 1% of live births. However, only 5 to 
10% of connatal CMV infections affect 
the brain. A common presenting symp-
tom in children is hearing loss. It is not 

unusual for children to be referred for 
MR imaging prior to surgery for a cochlear 
implant to assess the morphology of the 
inner ear. The MR imaging appearance 
varies depending on the gestational age 
at the time of infection. CMV infections 
may lead to polymicrogyria and / or 
 lissencephaly, especially if they occur 
during the second trimester of pregnancy. 
Very commonly, patchy white matter 
lesions with hyperintense signal on 
T2-weighted and FLAIR sequences are 
present (Fig. 1). These are often conflu-
ent and may occur in the absence of 
abnormalities of cortical development [3].
Herpes simplex virus (HSV) infections 
of the brain in the neonate are usually of 
type II and are acquired during vaginal 
birth. MR imaging usually demonstrates 
rapidly progressive signal alterations of 
the white matter eventually leading to 
cystic encephalomalacia with ensuing 
atrophy of the brain [4].
Other congenital infections include lym-
phocytic choriomeningitis (LCM) virus 
infection, syphilis, congenital HIV infec-
tion and congenital varicella zoster 
infection.
Generally, connatal infections should 
always be taken into consideration when 

imaging a child with developmental delay 
and / or epilepsy. Children with congeni-
tal hearing loss usually undergo MR imag-
ing prior to surgery for a cochlear implant. 
Connatal infections – especially connatal 
CMV infections – are a rather common 
cause for congenital hearing loss and the 
MR imaging should always be scrutinized 
for possible signs of connatal infections 
such as white matter lesions and / or dis-
orders of cortical development.

Meningitis, cerebritis 
and abscess
Meningitis is the most common neuro-
infection throughout childhood. The 
infectious agent may reach the meninges 
by different routes [5]:
■ hematogeneously
■ via an adjacent infection,   

e.g. mastoiditis
■ through the choroid plexus
■ via a penetrating injury
■ by rupture of a cerebral abscess.
Most commonly, the infectious agent is 
viral. Viral meningitis is not a classic 
imaging diagnosis, but imaging may be 
performed to rule out complications 
and / or to rule out contraindications to 
perform a diagnostic lumbar puncture. 

1 Axial T2-weighted image (1A) and FLAIR image (1B) demonstrating patchy signal hyperintensities of the white matter in a 4-year-old girl 
with congenital CMV infection.

2 Contrast-enhanced axial T1-weighted images demonstrate an increased pachymeningeal and leptomeningeal enhancement in a 13-year-old 
girl with viral meningitis.
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MR imaging may show a thickening of 
the meninges with an increased 
enhancement after the administration of 
contrast agent – this can affect the lep-
tomeninges and / or the pachymeninges 
(Fig. 2). However, the MR imaging 
appearance may also be completely nor-
mal in viral meningitis. A normal MR 
appearance generally does not rule out 
viral meningitis. Complications of viral 
meningitis include concomitant enceph-
alitis, hydrocephalus and vasculitis.
Bacterial meningitis usually progresses 
more rapidly with a more severe clinical 
course than viral meningitis. Again, MR 
imaging is mostly performed to investi-
gate complications and / or to rule out 
contraindications for lumbar puncture. 
The thickening of the meninges is usually 
more pronounced in bacterial meningitis 
compared to viral meningitis. Subdural 
empyemas are a potential complication 
of bacterial meningitis, the occurrence 
of which leads to a pronounced worsen-
ing of the prognosis [6]. Hemophilus influ-
enzae may, however, lead to sterile sub-

dural fluid collections that need to be 
differentiated from empyema. 
Other complications of bacterial menin-
gitis include hydrocephalus, venous 
infarctions due to thromboses, and arte-
rial infarctions due to arteritis / vasculi-
tis. Moreover, bacterial meningitis may 
lead to cerebritis and abscess formation, 
as well as to ventriculitis.
Tuberculous meningitis may occur in 
children or in adults. Tuberculosis prefer-
entially affects the basal meninges, 
which show a marked thickening and 
enhancement on MR imaging. Focal 
tuberculomas may also be seen, which 
are often hypointense on T2-weighted 
MR imaging. Common complications 
include hydrocephalus and infarctions 
in the basal ganglia and thalami.
A focal infection of the brain is called 
cerebritis. At the stage of a cerebritis, 
the focal infection has not yet become 
centrally necrotic. MR imaging usually 

reveals a contrast enhancement of the 
entire lesion with a perifocal edema. 
At a later stage, cerebritis may become 
a cerebral abscess, especially if left 
untreated. Cerebral abscesses in children 
may be a result of a sinusitis or mastoid-
itis and are then commonly located in 
close proximity to either the paranasal 
sinuses or the petrous bones. MR imaging 
reveals one of the hallmark features of 
cerebral abscesses: a centrally restricted 
diffusion, which aids in differentiating 
cerebral abscess formation from primary 
brain tumors [7]. On conventional MR 
imaging, the central portion of a cerebral 
abscess is usually hyperintense on 
T2-weighted imaging and hypointense 
on T1-weighed imaging, while the rim 
of the lesion shows a pronounced 
enhancement after the administration 
of contrast agent (Fig. 3).
Especially in small children, ventriculitis 
frequently occurs as a complication of 
meningitis. This may lead to periventric-
ular and intraventricular abscesses and 
the prognosis is rather unfavorable. 

MR imaging typically shows a pronounced 
enhancement of the ventricular epen-
dyma and dilatation of the ventricles. 
Later in the disease process, loculations 
with septae commonly ensue.

Viral encephalitis
Viral encephalitis is another important 
neuro-infectious differential diagnosis 
both in children and in adults. There is a 
plethora of viral infectious agents that 
may cause encephalitis. In the following, 
this report focuses on HSV I encephalitis, 
SSPE, tick-borne encephalitis and Ras-
mussen encephalitis.
HSV encephalitis is a crucial diagnosis 
not to be missed on MR imaging. The 
earlier treatment is initiated, the better 
the diagnosis is. About one third of HSV 
encephalitis occurs in children, most of 
which are HSV type I infections. Initial 
symptoms may be rather unspecific; 
therefore, the imaging diagnosis can be 
crucial for the patient’s further progno-
sis. HSV preferentially involves the limbic 
system, and so an involvement of the 

temporal lobes with a signal hyperinten-
sity on T2-weighted and FLAIR sequences 
especially in the temporomesial portion 
is a common hallmark feature of the 
 disorder (Fig. 4). The insular / peri-Sylvian 
regions are commonly involved as well. 
However, the MR imaging appearance 
can also be atypical. An asymmetrical 
involvement of the limbic structures is 
rather common. In addition, the pattern 
of involvement can also be unspecific 
and does not necessarily demonstrate 
a preferential involvement of the limbic 
system, especially in small children [8]. 
If in any doubt, the suspicion of HSV 
encephalitis should be raised and treat-
ment should be swiftly initiated, until HSV 
infection is ruled out by cerebrospinal 
fluid (CSF) diagnostics.
Varicella-zoster-encephalitis is a rare 
complication of chicken pox. Affected 
children usually present with cerebellar 
signs such as ataxia or dysarthria. On 
MR imaging there is usually pronounced 
edema of the cerebellum. Supratentorial 
lesions may also be present, e.g. in the 
cortex or in the basal ganglia.
Subacute sclerosing panencephalitis 
(SSPE) is a devastating and eventually 
lethal disorder of the brain. It is consid-
ered a late complication of measles 
infection. Affected children suffer from 
a progressive neurodegeneration with 
dementia and pareses. MR imaging ini-
tially shows patchy signal alterations in 
the cortical and subcortical regions with 
hyperintensities on T2-weighted and 
FLAIR sequences. In the further course, 
pronounced atrophy ensues [9].
Other brain manifestations associated 
with measles infection include acute 

postinfectious encephalitis, which is prob-
ably an autoimmune disorder in relation 
to the measles virus, and progressive 
infectious encephalitis, which is a persis-
tent infection of the brain.
Tick-borne encephalites usually have 
a peak occurrence in early summer, 
when ticks are most prevalent. Depend-
ing on the region, the symptoms and 
imaging appearance may vary. Tick-borne 
encephalitis most commonly starts with 
flu-like symptoms, which may be followed 
by a cerebral and / or spinal affectation. 
On MR imaging, edema of the basal gan-
glia and thalami with pronounced signal 
hyperintensities on T2-weighted and 
FLAIR sequences is the most common 
imaging pattern. However, both the cor-
tical ribbon and the spinal cord may be 
involved as well.
Rasmussen encephalitis is a progres-
sive disorder of the brain, the cause of 
which is still unknown. Both viral agents 
and autoimmune processes are discussed 
as potential causes. Affected children 
usually suffer from epilepsy and progres-
sive hemiparesis with the epilepsy com-
monly being refractory to medical ther-
apy. The disorder starts focally and 
subsequently spreads throughout the 
cerebral hemisphere. MR imaging shows 
cortical and subcortical edema and later 
progressive atrophy. It is important to 
remember that MR imaging can be com-
pletely normal in the early stages of the 
disease [10].

Parasitic infections
Parasites are among the most common 
infectious agents affecting the brain 
world-wide, even though they are rather 
rare in the western world. 
Neurocysticercosis is caused by the 
tapeworm taenia solium [11]. Affected 
children commonly complain of head-

3 Contrast-enhanced axial T1-weighted images (3A), diffusion-weighted images (3B) and the concomitant ADC-map (3C) show an intracranial 
abscess with diffusion restriction.
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aches and epilepsy. Cysticerci can be 
found in a parenchymal, leptomeningeal 
or intraventricular location. Parenchymal 
cysticerci tend to be located in the grey 
matter, while leptomeningeal cysticerici 
are mostly found in the basal meninges. 
Intraventricular cysticerci can lead to an 
obstructive hydrocephalus depending 
on the location.
Echinococcal infections much more 
commonly affect the liver and the lung 
than the central nervous system. In rare 
instances, however, a cerebral echino-
coccosis can be the first sign of an echi-
nococcal infection. As in cysticercosis, 
affected children may complain of head-
aches and / or epilepsy. On MR imaging, 
cystic lesions with a hyperintensity on 
T2-weighted sequences and a concomi-
tant hypointensity on T1-weighted 
images can be found.

Conclusions
Neuroinfectious diseases in childhood 
can be very challenging to diagnose 
using MR imaging. When interpreting 
MR images of affected children, it is 
important to keep the respective imag-
ing patterns in mind, as the imaging 
appearance varies in relation to the age 

at infection and in relation to the infec-
tious agent. In addition to establishing 
the diagnosis, it is especially important 
to scrutinize the MR images for potential 
signs of complications from the neuro-
infection.
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