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Review Article

Viral Infections of the CNS in Children: Imaging Features

D. W. W. Shaw1 and W. A. Cohen2

In this paper, we review the imaging findings associated with
the major viral infections of the CNS in infants and children. We
approach these infections by grouping them into several cate-
gories: congenital infections in neonates, aseptic meningitis
and encephalitis, acute disseminated encephalomyehitls and
other postviral syndromes in older children, and HIV infection.

Imaging has various functions in children with viral CNS
infection. With some agents, such as reactivated latent hem-
pesvimus type 1 , imaging may suggest the diagnosis. With
others, such as congenital cytomegalovirus (CMV), imaging
may suggest the presence of infection and show the extent
of involvement, but immunologic and culture methods are
needed to suggest the causal agent (Fig. 1). With epidemic
encephalitis, such as Western equine encephalitis, imaging
findings are used to exclude a bacterial process or comphica-
tions. In patients with acute disseminated encephalomyehitis,
imaging may show the extent of disease and suggest the
nature of the process.

The wide mange of clinical and imaging findings and the
spectrum of agents seen with viral CNS infections in children
reflect the immaturity of children’s nervous and immune sys-
tems. In the fetal nervous system, the severity of the
sequelae of infection tends to reflect the gestational age of
the fetus at the time of exposure. Other age-related differ-
ences are seen with neonates and young children, whose
immature immune system renders them susceptible to a dif-
ferent spectrum of viral agents with a wide mange of viru-
hence.

Congenital and Perinatal Viral Infections

The principal congenital viral infections, rubella, cytomeg-
ahovirus (CMV) infection, and herpes simplex commonly
occur in the peninatal period and have been grouped with
toxoplasmosis (caused by an obligate intracellular parasite)
as the TORCH infections. Infection with HIV type I also
occurs peminatally; however, the principal manifestations of
HIV infection most often occur outside the peninatal period.
Vaccination programs have diminished the prevalence of
peninatal infections caused by other agents, such as mea-
shes, mumps, and vanicella-zostem viruses, and reports of
neonatal infection with other viral agents, such as entenovi-
mus, are only sporadic.

In general, sequehae of an intrauterine infection reflect the
agent involved and the stage in fetal development at which
exposure occurred. Early infections can result in embryonic
death with resorption on spontaneous abortion, intrauterine
growth retardation, and developmental anomalies. Some
congenital viral infections, such as rubella, CMV infection,
herpes simplex, herpes zoster, and HIV infection, can persist

in the neonate. The clinical features of these infections, such
as encephalitis or failure to thrive, can then reflect the per-
sistence of viralinfectionin additionto the effectsof intmau-
tenne exposure.

Peninatal exposure to viral agents occurs via three path-
ways. In utero, the placenta is generally effective in protect-
ing the fetus; thus, most episodes of maternal vimemia are
not associated with placental or fetal involvement. Neverthe-
less, placental transgression does occur and is the usual
route by which the fetus is infected. Less commonly, tmans-
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Fig. 1.-b-month-old child with develop-
mental delay and microcephaly. Presumptive dl-
agnosis was cytomegalovirus (CMV) en-
cephahitis. Axial CT scan shows hydrocephalus,
hypodensity, volume loss, and punctate calcifi-
cations (arrows) in a predominantly periventric-
ular distribution. Most likely cause Is
intrauterine infection by Toxoplasma, rubella
virus, CMV, or herpesvlrus. Serum assays for
rubella, toxoplasmosis, and herpes simplex
were negative. It was not possible to test a child
of this age for infection with CMV.

Fig. 2.-i-month-old child whose mother was Infected by cytomegalovirus (CMV) during preg-
nancy. Presumptive diagnosis was CMV encephalitis.

A, Coronal sonogram shows hydrocephalus with bilateral, hIghly echogenic perlventricular foci
(arrows). This appearance is highly suggestive of an intrauterine infection.

B, Axial CT scan through body of lateral ventricles shows hydrocephalus and prominent periven-
tricular calcificatlons. This appearance is typical for a neonate who had a severe early intrauterine
infection. Calcifications are better shown on unenhanced CT scans than on MR Images.
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mission involves ascending infection via the cervix. Expo-
sure also may occur during delivery, either as the infant
descends through the vaginal canal or by direct contact with
the monitor’s electrodes [1].

Radiologic manifestations of this group of infections are
similar, with differences stemming from the time of exposure

during gestation and the age of the child when the diagnosis

is made. In general, the hater the diagnosis is made, the
more difficult it is to identify the causal agent. Often, antibody

titers indicating exposure to a specific agent are the only
way to confirm a specific diagnosis. Imaging in the young
infant is complicated by incomplete myehination of white mat-
ten, with its lower density on CT scans and hypenintensity on
T2-weighted MR images, which can obscure abnormalities
(or result in ovendiagnosis of cerebral edema).

Cytomegalovirus Infection

CMV, a DNA virus of the herpesvirus group, is the most
frequent cause of congenital viral infections and is reported
to be present in 1% of neonates, although only 10% of
infected neonates are symptomatic. Most significant con-
genital infections (with clinically apparent sequelae) occur by
placental transgression during the primary episode of mater-
nal infection; the prevalence may be as high as 58%. Con-
vemsely, asymptomatic infection, whether congenital on
perinatal, is more common if maternal viremia results from
reactivation of a latent infection or if neonatal exposure
occurs via cervical secretions or infected breast milk [2].

CNS sequehae associated with congenital CMV infections
include seizures, mental retardation, optic atrophy, sen-

sonineumal hearing loss, and hydnocephalus. Pathologically,
cerebellam hypoplasia, peniventniculam calcifications, cerebral
atrophy, pomencephaly and subependymal cysts, polymicro-
gynia, and delayed myehination have been described [2].
CMV may remain latent and be shed during asymptomatic
periods. Reactivation can occur, most commonly in those
who become immunocompromised, as has been reported in
an infant with human T-ceIl leukemia virus type 3 [3].

Either MR imaging or CT can be used to assess the extent
of disease. Cahcifications are better evaluated with CT,
whereas the extent of pamenchymal disease is more accu-
mately shown with MR imaging [4]. MR findings in one group
of 10 children included dilated lateral ventricles in 10, large
subarachnoid spaces in eight, ohigogynia and pachygynia in
eight, delayed myehination in seven, paraventnicular cysts in
six, and intracranial calcification in one [5]. Intracranial calci-
fication (Figs. 1 and 2), reported in up to 40% of affected
children, is typically peniventniculam but can also be found in
basal ganghia and subcortical and cortical regions [2].
Subependymah pemiventniculam cysts, usually in the occipital
lobe, are thought to be associated with necrosis and ghiosis.
Such cysts can also be diagnosed with sonognaphy. Similar
cysts have been associated with rubella, bacterial ventniculi-
tis, and intmaventnicuham hemorrhage. Associated microgynia
is a frequent neuropathologic finding but may appear on
imaging studies as ohigogynia or pachygynia [6]. This focal
cerebral dysplasia (Fig. 3) is thought by some to result from
congenital vascular insufficiency [7]. Cerebral atrophy, mdi-
cated by an increase in the size of ventricles and subarach-
noid spaces, can be shown with MR imaging, CT, on
sonogmaphy; however, MR is more sensitive for the detection
of delayed or pathologic myelination [5].
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Fig. 3.-Congenital cytomegalovirus (CMV)
encephalitis.

A and B, Axial MR Images through bodies of
lateral ventricles (A) and centrum semlovale (B)
show dysplastic cortex in right frontal lobe and
areas of Increased T2 signal scattered through
white matter. Calcifications were present In cor-
responding areas on CT scan. (Courtesy of A. J.
Barkovich, San Francisco, CA.)

Herpes Simplex

Herpes simplex types I and II are also caused by DNA
viruses of the herpesvimus group. Either type can be penina-
tal; however, type 2 accounts for 80-90% of neonatal and
almost all congenital herpesvirus infections. Fetal herpes
simplex is relatively name, but CNS sequelae of such infection
are generally severe. In one series of 13 infants infected in
utero, 12 had skin lesions, seven had micmocephaly, five had
hydmocephalus, two had microphthalmia, and eight had
chomioretinitis [8]. Unlike the case in other peminatal infec-

tions, intmapartum transmission via direct contact rather than
tmansplacental transgression is the origin of most neonatal
herpesvimus infections; the reported prevalence is between

one in 200 and one in 5000 deliveries. Diagnosis is difficult
because the mother may not have a history of genital herpes
or evidence of active infection. Furthermore, neonatal her-

petic skin lesions may be absent (on misdiagnosed) [9].
Classically, neonatal hempetic infections are divided into

three clinical categories: (1) skin, eye, and mouth; (2) dis-
seminated; and (3) CNS infections. Cutaneous infections are
the most common (43%) and the mildest form; nevertheless,
without treatment, the infection will progress to disseminated
or CNS disease in 75% of infected children. Disseminated
disease tends to manifest by 10-11 days after birth, with
signs and symptoms that suggest severe bacterial sepsis.

CNS manifestations are present in approximately half of the
cases. In disseminated herpes simplex, the mortality rate is
almost 80% in untreated infants and usually more than 50%
in those who are treated. Isolated CNS herpesvirus infection
manifests in neonates 2-4 weeks after birth as fever and
lethargy followed by seizures [10]. Pathologically, all cells of
the CNS can be infected, yet the predilection is involvement
of endothehial cells, which can result in vascular thrombosis
and hemorrhage [9].

CT scans and MR images may show focal evidence of
cerebral edema, but either can show normal findings during
the initial episode of encephalitis. Thus, neither CT nor MR
findings should be used to exclude diagnosis. The most fme-

quent initial finding on CT scans is widespread, patchy areas

of how attenuation in the cerebral cortex and white matter

(Fig. 4), which Noorbehesht et al. [1 1] found in 1 2 of 15

infants. The earliest reported diagnosis was in a 1 -week-old

neonate. On MR images, patchy areas of increased T2 sig-
nal are seen in the cerebral hemispheres and the basal gan-
glia, thalamus, and cerebellum. Neonatal infections do not
have the temporal lobe predilection seen in hempesvirus
infections in older children and adults [12]. Encephalomaha-
cia, which develops rapidly, may be visible within the first 2-

3 weeks. Foci of hemorrhage and dystrophic calcification
occur in the basal ganghia and peniventnicular white matter,
although hemorrhage has been seen more often on patho-
logic examinations than on imaging studies. A linear gynifomm
pattern of increased attenuation on non-contrast-enhanced
CT has been reported and attributed to the presence of cal-
cification [11 , 13], to changes in local vasculanity, or to pro-
longed retention of contrast material in regions where the
blood-brain barmier is disrupted [14] (Fig. 4). We have also

occasionally observed a linear gymiform pattern of hypenin-

tensity on Ti -weighted images. Some have speculated the
underlying disease relates to cortical laminar necrosis. CT
early in the course of infection is not a good predictor of out-
come, although findings on later scans are more accurate
indicators of prognosis [11]. Sonogmaphy in neonates with
herpesvimus infection may show linear thalamic echogenici-
ties, thought to reflect vascuhopathy [15].

Rubella

Placental transmission of the rubella virus occurs at the
time of primary maternal infection. If this occurs during the
first trimester, the risk of fetal infection may approach 85%.
Gestationah age at the time of infection is the most important
factor in ultimate outcome. The infection can kill the fetus or

have no apparent effect. Infections in the first 2 months of
gestation are associated with cataracts and cardiac abnom-
malities. In 1 0-20% of affected infants, an acute meningoen-
cephahitis is present at birth, which can be correlated with
motor and mental retardation. In the remainder of young
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Fig. 4.-2-week-old child who had had a seizure. Presumptive diagnosis was herpes simplex.
A, Initial unenhanced axial CT scan shows patchy areas of low attenuation throughout both hemispheres. Sulcal pattern Is dIfficult to discern.
Band C, Axial CT scans, obtained 1 week after A, wlthout(B) and wfth (C) IV contrast material show patchy areas of low attenuation throughout white

matter. Ventricles are somewhat smaller than normal, suggestIve of underlying edema. On C, note gyral pattern of enhancement in cortex and along
edges of ventricles.

D, Axial CT scan obtained when child was 1 month old. IV contrast material had been given 12 hr before thIs scan. Patchy areas of low attenuation
remain scattered throughout white matter, while striking, gyrlform pattern of increased density is present In both ganghia (soild arrows), right frontal
operculum, and left Insula (open arrow). Areas of high attenuation, which can represent calcIfIcation, local hemorrhage, or delayed clearance of IV con-
trast material, can develop quite rapidly In children.

E, Unenhanced CT scan (obtained 1 month after 0) shows marked perlventricular and parenchymal calcification; marked encephalomalacic change
wIth loss of tissue In both frontal lobes, more so in left one than in right one; and marked dIlatation of both lateral ventricles.

infants, rubella may be subclinical [16]. Deafness, often not
detected until the infant is older, is the most common feature
of congenital rubella. Congenital rubella has been implicated
as the cause of a chronic progressive panencephalitis simi-
lam to subacute sclerosing panencephahitis associated with
measles [1 7, 18]. The pathologic appearance of rubella is
characterized by a generalized vasculitis with relatively little
cellular necrosis [19].

Micnocephaly and intracranial calcifications are seen with
congenital rubella. Of five patients with congenital rubella
who had CT, four had areas of low density in the centrum
semiovale and pemiventniculam white matter, and two had
calcified nodules [20]. The white matter changes may have
reflected the delayed myehmnation described in pathologic
studies [19]. Because of the widespread use of vaccination,
few descriptions of neonatal rubella have been published.
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HIV Infection

A characteristic dysmomphic syndrome associated with
congenital HIV infection has been reported [21]. The primary
features included growth failure and micmocephaly. This has
not, however, been consistently observed, and the imaging

features of the syndrome have not been described. More
commonly, the CNS abnormalities associated with HIV infec-
tion become rhanifest during infancy and early . childhood
[22].

Acute Meningitis or Encephalitis

Acute viral infection of the CNS commonly causes menin-
gitis or encephalitis, whether in children or adults. Most
viruses are pantropic, able to produce either meningitis or
encephalitis. Because most viral meningitides are benign
and self-limited, exclusion of other, particularly bacterial,
infections that may require active medical intervention is
often the main clinical issue. Entenovimuses (echovimuses,
coxsackieviruses) are thought to be responsible for 50-80%
of all cases of viral meningitis. Other viral agents include
mumps virus, Epstein-Barr virus, and ambovimus, although in
any particular case, the specific organism usually is not iden-
tified [23]. Clinically, patients have headache, fever, and
signs and symptoms of meningeal irritation.

Encephalitis occurs when the brain pamenchyma is
invaded by the virus and clinically should be suspected if the
patient has seizure, delirium, and focal neumologic signs.
Viral encephalitis may occur sporadically (nonepidemic) or in
epidemics; the season, timing, and geographical distribution
generally reflect the vector mechanism [24].

Imaging findings in patients with viral meningitis are gen-
erally normal. Viral meningitis does not produce the men-
ingeal enhancement seen with contrast-enhanced CT or
gadolinium-enhanced MR imaging in some cases of severe
bacterial meningitis. Unless encephalitis is also present, the
brain parenchyma is also normal, and even with some viral
encephalitides, such as that caused by entenovirus, the CT
on MR appearance remains normal. Other organisms such
as hempesvimus may produce a necrotizing or hemorrhagic
infection that is visible on CT or MR.

Epidemic Encephalopathies

The most common viral encephahitides are spread by
arthmopods (ticks and mosquitoes). The causal agents have
previously been classified as amboviruses, although more
recently this classification has been reorganized. Those
commonly encountered in North America include Eastern
equine encephalitis, Western equine encephalitis, and Vene-
zuelan equine encephalitis, all of which occur as sporadic
epidemics most severely affecting the young and elderly.
Mortality in those more than 50 years old who have clinically
evident and diagnosed Eastern equine encephalitis may
reach 80%, and survivors less than 10 years old have signif-
cant sequelae. Yet in patients 15-55 years old, the disease
may be mild or inapparent. Western equine encephalitis has
a similar clinical picture but is more prevalent in those less
than 1 year old. Venezuelan equine encephalitis tends to be

a rather mild infectious syndrome; encephalitis symptoms
are seen in 4% of young patients and only 0.4% of adults
infected. Pathologically, in those dying, both gray and white
matter can be involved with penivascular inflammation and
formation of inflammatory nodules. Patchy areas of demyehi-
nation may be seen in the white matter. In these entities, CT
findings generally have not been useful for diagnosis, and hit-
the information on MR findings has been reported [24].

Herpes Simplex

Herpesvirus is thought to be the most frequent cause of
nonepidemic encephalitis. It is common in children and
adults; 33% of patients in the National Institutes of Health
trial of acyclovim vs vidarabine treatment of herpes simplex
were less than 20 years old [25]. Most cases of herpes sim-
plex that occur outside the neonatal period are due to hem-
pesvimus type I infection. Unlike many viral encephalitides
that represent a primary infection, encephalitis caused by
herpes virus I occurs as a reactivation of latent virus within
the tnigeminal ganglion. Encephalitis results from retrograde
transport of virus into the CNS. Although the infection rapidly
disseminates throughout the brain, characteristically, the
temporal lobes are involved first.

The earliest CT findings, which reflect this initial temporal
lobe localization (Fig. 5), have how density in the temporal
lobes associated with hemorrhage and streaky contrast
enhancement [26]. Localized on generalized edematous
changes can progress ultimately to atrophy, multicystic
encephalomalacia, and gymiform high attenuation (Fig. 5).
This gymiform high density is more commonly seen in chil-

dren (and neonates) than in adults [13]. MR similarly shows
edema with mass effect and increased T2 signal within the
temporal lobe. Rarely, herpesvirus encephalitis can be mani-
fested as diffuse bmainstem encephalitis without alteration of
the level of consciousness [25]. In general, the imaging
appearance with CT does not accurately reflect the clinical
course, which is significant because early treatment with
antiviral agents, most recently acyclovim, has improved the
otherwise 67% mortality associated with herpesvirus en-
cephalitis [9]. MR is more sensitive than CT for detecting the
presence of infection and has been used to show response
to antiviral therapy [27].

Mumps

Mumps virus previously was the single most common
agent producing aseptic meningitis and mild encephalitis.
Immunization has markedly diminished the incidence and
subsequent complications of mumps, although the vaccine
is successful in only 75-90% of patients. In the CNS,

mumps produces meningism in more than half the cases.
Associated encephalitis is much rarer but also has a signifi-
cant mortality and morbidity. Pathologically, mumps pro-
duces areas of pemivascular inflammation and demyelination
scattered throughout the CNS [28]. Not unexpectedly, MR
has been reported to be more sensitive than CT in delineat-
ing these lesions; however, not many imaging studies have
been done [29]. Some think that mumps encephalitis is simi-
Ian to other postinfectious encephahitides [28].
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Rubella, Measles, and Chickenpox

130 SHAW AND COHEN AJR:160, January 1993

Fig. 5.-18-month-old child with clinical cvi-
dence of encephalitis. Presumptive diagnosis
was herpes simplex.

A, Initial unenhanced CT scan shows areas
of low attenuation within both temporal lobes,
compression of both temporal horns and both
lateral ventricles, and extension of this process
into the parietooccipital regions bilaterally. Ac-
companying scan obtained after injection of
contrast material (notshown) showed no abnor-
mal enhancement.

B, Axial CT scan obtained 1 week after A. IV
contrast material has been admInistered. Mass
effect is diminished, basal cisternal and ventric-
ular structures are larger than normal, and gyral
pattern of enhancement is present throughout
both temporal lobes. This pattern of temporal
lobe involvement is classic for herpetic Infec-
tlon outside the perinatal perIod. Herpes sim-
plex is commonly thought to result from
reactivation of virus residing within trigeminal
ganghia.

The common viral infections of childhood occasionally can
involve the CNS at the time of the acute infection. Chicken-
pox (vanicella) is associated with an acute meningoencepha-
lomyelitis, and encephalitis has been reported with German
measles (rubella). Before immunization became wide-
spread, encephalitis as a complication of measles occurred
in about one per 1000 cases. It is now seen only namely in
immunologically normal children. Measles encephalitis
pathologically resembles subacute sclemosing panenceph-
ahitis.

Subacute scherosing panencephahitis, which can occur
years after a primary infection with measles, continues to
have an unclear pathogenesis. Some think that it represents
reactivation of a latent infection, infection with a variant of

the measles virus that is behaving as a “slow virus,” or an
immunologic response to a previous infection with measles
virus. CT findings in a patient with subacute sclemosing
panencephahitis may be normal or may show patchy low
density, mainly in the white matter. These lesions may
enhance with IV contrast material [30]. MR imaging shows
patchy areas of increased T2 and decreased Ti signal inten-
sity in the white matter and basal ganghia, which may mepme-
sent inflammation, demyelination, ghiosis, on some corn-
bination of these [31].

Acute Disseminated Encephalomyelitis

Acute disseminated encephalomyehitis commonly occurs
as a sequela to another process, such as measles, rubella,
vanicehha-zostem, smallpox, mumps, and upper respiratory
infections. Considered to have a similar pathogenesis are
the encephahitides that occur after vaccination for smallpox,

measles, or rabies. With the reduced use of vaccination for
smallpox and the development of vaccines for the common
childhood exanthems, most episodes of acute disseminated
encephalomyelitis are now related to viral infections of the
upper respiratory tract.

Acute disseminated encephahomyelitis is thought to be an
immunologic reaction to the viral infection, less commonly a
reaction to a viral toxin. Virus has not been isolated from
patients with this syndrome. The pathologic appearance
suggests loss of myelin, sparing of axons, pemivasculam lym-
phocytic and mononuclear infiltration, edema, and endothe-

hal pmohifemations. Lesions can be located throughout the

CNS, including cerebrum, cerebellum, bmainstem, and spinal
cord. Although acute disseminated encephalomyehitis is
mainly a white matter process, lesions can be found in the
gray matter. Acute hemorrhagic leukoencephahitis is thought
to be an aggressive form of acute disseminated encephalo-
myelitis in which microscopic areas of hemorrhage occur.

MR is more sensitive than CT for the diagnosis. CT find-
ings in patients with the clinical diagnosis of acute dissemi-
nated encephalomyelitis may be normal or the scans may
show areas of patchy low attenuation in the white matter
accompanied by focal or more diffuse cortical enhancement.
In general, lesions seen on CT tend not to correspond to the
extent on pattern of clinical disease [32]. However, on T2-
weighted MR images, multiple areas of increased signal are
found throughout the CNS and correspond to the patient’s
clinical deficits (Fig. 6). As in multiple sclerosis, in acute dis-
seminated encephalomyehitis, T2-weighted images are more
sensitive than Ti -weighted images for detection of the
abnormalities [33]. In three patients, Atlas et al. [34] found
clear abnormalities on T2-weighted images and no abnor-
mahities on Ti-weighted images (Fig. 7). Others [35] have
seen similar abnormalities and found similar insensitivity of
CT compared with MR imaging, although the exact imaging
sequences used were less well defined. Contrast enhance-
ment has been seen in lesions of acute disseminated

encephalomyelitis in animal models [36].
Children with acute disseminated encephalomyelitis can

have a subacute process that reflects the areas of the CNS
involved. Common signs and symptoms include headache,
diplopia, ataxia, hemipanesis, seizures, dysarthmia, and coma
[35]. Treatment with steroids is used to minimize the residual

neumologic deficits [33].
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Fig. 6.-2-year-old who was lethargic and had had a viral Infection of upper respiratory tract 3 weeks earlier. Presumed diagnosis was acute dissem-
mated encephalomyehitis.

A, Paramedian sagittal T2-weighted MR Image shows multiple areas of increased signal throughout both gray and white matter. Lesions are present
In all compartments, including posterior fossa and brainstem. Lesions are present in corpus calhosum (white matter) and thalamus (gray matter) also.

B, Sagittal Ti-weighted MR Image shows an area of relatively low signal intensity (arrow) In anterior body of corpus callosum, which corresponds to
an area of increased signal on T2-weighted images. However, most lesions seen on T2-welghted images are inapparent on Ti-weighted images.

C, Axial T2-weighted MR image shows multiple areas of Increased signal in both gray and white matter, Including right caudate nucleus, bilateral
lentiform nuclei, and both thalami. UnlIke lesions of multIple sclerosis, those of acute disseminated encephalomyehitis can occur in gray matter or white
matter tracts.

Fig. 7.-9-year-old boy with headache and
cerebellar findings 3 weeks after an Infection of
upper respiratory tract. Presumed diagnosis
was acute disseminated encephalomyehitls.

A, Axial Ti-weighted MR image shows com-
presslon of fourth ventricle, effacement of cere-
bellar fohia bilaterally, and a suggestion of lower
signal intensity in both cerebellar hemispheres.

B, Axial T2-weighted MR Image at same level
as A shows large areas of Increased signal In-
tensity in both cerebellar hemispheres. Extent
of Involvement Is shown better on T2- than on
Ti-weighted MR Images. Patient has acute hy-
drocephalus with dilated temporal horns and
periventricular transudation of CSF (arrows).

C, Sagittal Ti-weighted MR image shows
swollen cerebellar hemispheres, compression
of fourth ventricle, compression of brainstem,
and downward displacement of cerebellar ton-
sils.

D, Sagittal Ti-weighted MR Image obtained 3
weeks later shows resolution of process withIn
cerebellum. Fourth ventriclels slightly enlarged,
cerebellar folla are well seen, and brainstem and
cerebellar tonsils have returned to a normal po-
sition.
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Fig. 8.-i-year-old child who had a fever and
lethargy and whose mother was seropositive for
HIV. Pneumococcus was cultured from CSF.
Presumed diagnosis was pneumococcal menin-
gitis.

A, Axial CT scan shows obscured cisterns,
hydrocephalus, and an area of low attenuation in
posteriortemporal lobe on right side, suggestive
of an area of infarction. Relative obscuring of
cisterns suggests either a highly aggressive
process or hemorrhage within basal cisterns.

B, Contrast-enhanced axial CT scan shows
marked enhancement of all basal cisternal struc-
tures. As on A, an area of infarction in poster-
otemporal lobe on right side is not enhanced.
This scan epitomizes one of the problems In HIV-
positive children: Those children who have CNS
infections tend to have severe manifestations of
common diseases rather than opportunistic In-
fections.

Infants and children infected with HIV are particularly at
risk for neumologic complications. Most childhood exposure

to HIV results from transmission from an infected mother

(tmansplacental exposure), exposure to maternal blood dun-
ing delivery, or ingestion of virus during breast feeding [22].
Diagnosis of HIV may be difficult in infants because pas-

sively transmitted maternal antibodies may be present in
children up to i5 months after birth. Thus, early diagnosis
requires culture of virus, demonstration of viral antigens, evi-
dence of immunodeficiency, or the presence of a character-
istic symptom complex. The number of children who have
acquired HIV from transfusions or from contaminated blood
products is somewhat smaller; however, these children were
infected early in the course of the epidemic and do not form
a significant proportion of new cases. A separate chassifica-
tion for HIV infection in children less than i3 years old has

been established by the Centers for Disease Control [37].
In children, neumologic manifestations of HIV infection tend

to have typical clinical features, including failure to reach

developmental milestones, apathy, and spastic paraparesis
[22].In a study by Belman et al.[38],6i of 68 infantsand
children had CNS dysfunctions as a manifestation of HIV
infection. Neumologic signs included microcephahy, develop-

mental delay, cognitive deficits, bilateral pyramidal tract
signs, mild-to-moderate spastic diparesis on panapanesis,
movement disorders, and ataxia. Seizures were uncommon.

Opportunistic infections are exceedingly unusual in infants
and children who have AIDS, although sporadic cases of
CNS hymphoma have been reported. Infectious complica-
tions include severe manifestations of more common dis-

eases, such as those caused by Epstein-Barr virus,
Streptococcus pneumoniae, and Hemophilus influenzae
(Fig. 8). Disseminated CMV encephalitis has been seen at
autopsy and Candida infections have been reported. Also
occurring in children are episodes of intracranial hemon-
rhage associated with immune thrombocytopenia [38, 39].

Most imaging findings in HIV-positive children have been
obtained with CT. In one study [40], 23 of 25 patients with a
subacute progressive course had atrophy associated with
decreased attenuation in the white matter. Also seen were
bilateral symmetric calcification in i 0 and calcification in the
frontal lobes in two. In patients who had serial studies, pro-
gressive atrophy was found in i6 of i 7. Of 12 patients with a
more static course, five had atrophy, and two had basal gan-
ghia calcification [37]. In another study [4i] of i4 patients,
both MR and CT showed central volume loss in eight
patients and peripheral volume loss in seven, old hemom-
mhage in one, multifocal abnormal signal in one, and cervical
lymphatic hypertmophy in four. CT was better than MR for
showing stmiatah thahamic calcification (one), whereas only

MR showed delayed myelination (one). Despite this, and
because of the greater ease of obtaining CT scans, CT may
be the study of choice.

Summary

Children are susceptible to a wide variety of viral infec-
tions that involve the CNS, in greater frequency than adults.

Particularly vulnerable is the developing fetus. Imaging of

neonates revealing pemiventniculam calcification, cerebral
atrophy, on microcephaly should raise the spectrum of con-
genital or peninatal TORCH infections. Although a specific

diagnosis will generally be established by immunologic tech-
niques, some findings in association can suggest a more
specific identity; such as pachygynic-appeaning brain consis-
tent with the microgymia of CMV, or the linear gyniform corti-

cal pattern of increased attenuation on CT scans (or
hypemintensity on Ti-weighted MR images) seen with penn-

atal herpes.
Imaging of uncomplicated viral meningitis will generally be

unremarkable. Children, however, are more susceptible to
complication than adults. Evidence of focal brain pamenchy-
mal edema in this setting suggests concomitant encephalitis.
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A hemorrhagic process, especially involving the temporal
lobes, is highly suggestive of herpes encephalitis; although
CT or MR imaging should not be used to absolutely exclude

this entity early in its course.
Areas of hypenmntensity on T2-weighted MR images after a

systemic viral infection on vaccination raise the spectre of
acute disseminated encephalitis, although a definite cause is
likely to remain elusive. CT is less sensitive for showing the
pathologic changes.

Subacute presentations of CNS dysfunction associated
with evidence of atrophy, decreased white matter attenua-
tion, and basal ganghia calcification in this day raise the pos-
sibility of HIV infection.
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