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Uncommon acute neuroimaging findings in severe neonatal herpes
simplex virus 2 and consequences of delayed diagnosis
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Abstract

Neonatal herpes simplex virus (HSV) infection of the central nervous system (CNS) is an emergency that can have devas-
tating structural consequences and clinical outcomes. As it presents non-specifically in neonates, it is difficult to rapidly
diagnose without neuroimaging. Although once thought to cause widespread parenchymal destruction, neonatal CNS HSV
infection may present with more focal parenchymal injury on neuroimaging, not involving the medial temporal lobes as
in adults. We report a case of a three-week-old girl with herpes simplex virus type 2 (HSV-2) encephalitis with exclusive
bilateral corticospinal and frontal opercular involvement, which remained undiagnosed and untreated until three months of
age. Neuroimaging upon presentation to the emergency room demonstrates a highly suggestive pattern of severe neonatal
CNS HSV-2 infection which followed the natural history on subsequent imaging, highlighting the importance of emergency

neuroimaging as well as having a high index of suspicion for making the diagnosis.
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Herpes simplex virus (HSV) central nervous system (CNS)
infection is difficult to clinically diagnose in neonates, due
to a low index of suspicion (prevalence of 10 in 100,000),
lack of clear etiology (it is acquired perinatally, usually by
exposure to herpetic genital lesions during delivery) and
non-specific presentation (lethargy, fever, seizures) [1]. HSV
can cause mucocutaneous vesicles at the skin, mouth, or
eyes, but these lesions are not always seen in isolated CNS
HSYV infections [2]. Differential diagnoses include bacterial
septic or CNS infection and other viral neonatal CNS infec-
tions such as enterovirus, rotavirus, and human parechovirus
[3]. A full septic workup including blood, urine, and cer-
ebrospinal fluid (CSF) cultures can rule out bacterial sepsis,
and polymerase chain reaction (PCR) of CSF and vesicle
fluid can instead identify HSV [2]. However, CSF samples
may yield inconclusive results during the early stages of
the disease or because of contamination with blood. If left
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untreated, however, CNS HSV infection can cause encepha-
litis and parenchymal necrosis, leading to significant neu-
rological deficits or death. Neuroimaging in the emergency
setting is therefore vital for rapid, accurate diagnosis, and
prompt initial treatment to limit or prevent neural damage.

A three-week-old infant, born via spontaneous vaginal
delivery at term in a remote community in northern Canada,
presented to her local hospital with seizures affecting her left
arm and left leg. A septic workup was negative and the pres-
ence of blood in the CSF sample following lumbar puncture
precluded PCR testing.

As part of the workup in the emergency setting, brain
CT was performed and showed patchy hypoattenuation in
the deep and periventricular cerebral white matter bilater-
ally, most prominent in the perirolandic region (Fig. 1a). On
brain MRI, there was diffusion restriction with associated
hyperintensity on T2-weighted images in the perirolandic
region bilaterally, as well as along the corticospinal tracts
in the corona radiata, posterior limb of internal capsule, and
brainstem (Fig. 1b—f). There was no associated hemorrhage.
MR angiogram and MR venogram were normal. Findings
were interpreted as acute ischemic infarction.

The patient’s seizures were treated with phenobarbital
and the patient was discharged.
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Fig.1 Brain CT at initial presentation at three weeks of age shows
patchy hypoattenuation in the bilateral cerebral white matter, most
conspicuous in the perirolandic region (1a). Brain MRI at initial pres-
entation shows diffusion restriction bilaterally along the precentral

The patient presented to her local hospital again at three
months of age after having several tonic—clonic seizures.
After being stabilized, she was transferred to our centre.
Brain MRI was performed and showed a similar pattern of
brain involvement, however there was evolution of the find-
ings that were acute at initial presentation — there was reso-
lution of the previously seen diffusion restriction and no evi-
dence of new injury outside of the originally involved areas.
There was cortically based hyperintensity on T1-weighted
images in the perirolandic region and along the corticospinal
tracts (Fig. 2a—b), reflecting laminar necrosis. This hyperin-
tensity extended inferolaterally from the perirolandic regions
to the frontal opercula bilaterally, particularly on the right
(Fig. 2c). T2-weighted images demonstrated encephaloma-
lacia in the affected regions, with associated mild promi-
nence of the adjacent CSF spaces (Fig. 2d). Susceptibility-
weighted images demonstrated chronic blood products in the
perirolandic region and along the corticospinal tracts, with a
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gyrus (1b), and along the corticospinal tracts, including the corona
radiata (1c¢) and posterior limb of the internal capsule, most evident
on the left (1d). T2-weighted images demonstrate loss of grey-white
differentiation in the perirolandic region bilaterally (1e-1f)

small focus of chronic intraventricular blood products in the
occipital horn of the right lateral ventricle (Fig. 2e—f). MR
spectroscopy was unremarkable. Following lumbar punc-
ture, HSV-2 was found in the cerebrospinal fluid, confirming
the diagnosis of neonatal HSV-2 encephalitis. Intravenous
acyclovir was administered, as was antiepileptic therapy and
erythromycin for concomitant ocular HSV-2 infection.

At clinical follow-up, there was rigidity in the patient’s
upper limbs and hypertonicity of the lower limbs, but she
fed well and made no abnormal eye or body movements.
The patient also experienced several infantile spasm-like
episodes with hypertonia and breathing difficulties (breath
stacking, increased work of breathing). The consulting neu-
rologist has predicted cerebral palsy as a result of the identi-
fied brain injury.

Emergency neuroimaging can lead to rapid and accu-
rate diagnosis, and expeditious treatment of neonatal
CNS HSV infection during its initial stages, even in the
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Fig.2 Brain MRI at three months of age shows cortically-based
hyperintensity on T1-weighted images (reflecting laminar necrosis) in
the perirolandic region bilaterally (2a) and the posterior limb of inter-
nal capsule bilaterally (2b) which extends into the opercular region
(2¢). T2-weighted MR images demonstrate encephalomalacia in the

absence of specific clinical signs or laboratory results. We
highlight that CNS HSV infection can cause focal brain
insult rather than the widespread parenchymal damage
previously believed. Despite a clinical and laboratory
workup, our patient’s infection remained undiagnosed and
untreated for over two months. Her initial presentation of
seizures was non-specific and blood in the CSF sample
precluded PCR testing for HSV, making the diagnosis on
these grounds challenging. Brain CT has low sensitivity
and is insufficient for diagnosis — Vossough et al. found
that in 5 out of 11 cases (45%) of neonatal HSV-2 enceph-
alitis, CT findings were either negative or “questionable”
for infection [4]. In the same study, 9 out of 11 cases (81%)
showed abnormalities on conventional MRI, and diffusion-
weighted MRI (DW-MRI) in particular revealed disease or
showed a greater extent of affected tissue compared to CT
or conventional MRI in 7 out of 10 cases (70%) [4]. There-
fore, DW-MRI has been suggested as a diagnostic tool

perirolandic regions bilaterally, more so on the right (2d). On suscep-
tibility-weighted imaging, there is abnormal susceptibility effect in
the perirolandic region, more so on the right (2e) and dependently in
the occipital horn of the right lateral ventricle (2f), reflecting chronic
blood products

for neonatal HSV encephalitis [4—6], rather than relying
on CSF PCR, which can only be performed if the lumbar
puncture sample is not contaminated by blood. DW-MRI
can identify early infectious changes, which appear as
“stardust” hyperintense punctuate lesions, before cystic or
signal abnormalities later appear on conventional MRI [3].

While once thought to cause widespread parenchy-
mal damage in neonates, growing evidence has shown
that there are distinct patterns of distribution in neona-
tal HSV encephalitis, including the watershed areas, the
inferior frontal and temporal poles, and — as in this case
— the corticospinal tracts [3]. Similarly, bilateral oper-
cular lesions, as reported here, have also been linked
to HSV encephalitis and related syndromes in children
and adults: for example, corticobulbar paresis (known as
Foix-Chavany-Marie syndrome) results in weakness of
the voluntary masticatory, facial, pharyngeal, and tongue
musculature [7, 8]. Our patient, however, did not show
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any weakness in these muscles or issues with feeding at
clinical follow-up.

Our patient had corticospinal/perirolandic and frontal
opercular involvement, both seen at initial presentation at
three weeks of age and at three months of age. Vossough
et al. reviewed 12 neonatal HSV-2 encephalitis cases, 11
of whom received noncontrast CT as initial imaging, and
found that disease was multifocal in 8 (67%) patients and
restricted in 4 patients (33%) [4]. There were 3 (25%) cases
with disease restricted to the temporal and frontal lobes [4].
Similarly, Kidokoro et al. reviewed imaging for 13 neonatal
HSV encephalitis cases, 12 of whom had frontal involve-
ment (92%), and found that 5 cases had inferior frontal and
temporal pole pathology (38%), whereas 4 had corticospinal
tract patterns (30%) [3]. These two patterns correspond to
our case, although our patient had exclusive frontal opercu-
lar involvement as opposed to inferior frontal and temporal
pole involvement. Overall, out of the 25 combined cases of
these two studies, 14 (56%) had identifiable patterns, with 4
(16%) having corticospinal involvement, as in the case we
describe [3, 4].

In summary, we highlight the acute neuroimaging find-
ings of neonatal HSV encephalitis with focal corticospi-
nal tract and frontal opercular involvement, as well as the
sequelae if left untreated. We strongly believe radiographic
evidence be used as criteria for initiating treatment for sus-
pected neonatal CNS HSV infection and strongly recom-
mend that radiologists maintain a high index of suspicion
when these findings are identified to avoid the devastating
— and avoidable — consequences seen in this case.
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