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In this issue of the Annals, Verboon-Maciolek and coworkers show that human parechovirus
(HPeV), specifically HPeV3, is an important cause of neonatal viral encephalitis.1 The six
serotypes of HPeVs that are included in the genus Parechovirus are small single-stranded
(ss) RNA viruses belonging to the family Picornaviridae.2, 3 These viruses bear many
similarities with another and better-known Picornaviridae genus, Enterovirus (EV). Indeed,
the genus Parechovirus began with the reclassification of echovirus 21 and 22 as HPeV1
and HPeV2 because of molecular and genetic differences from the remainder of EV. These
differences are important because they explain, in part, why the usual polymerase chain
reaction (PCR) testing for EV does not detect HPeV. Thus encephalitic infection by HPeV3
has been overlooked in the past, one important point of the current article. (Neonatal
encephalitis by other HPeV subtypes is extremely rare and not discussed further.) The
encephalitis caused by HPeV3 infection as well as by EV is associated with neonatal
seizures and with apparent cerebral white matter injury.1, 4 The current report has important
implications concerning the etiology of neonatal viral encephalitis, the differential diagnosis
of neonatal seizures, and the pathology and pathophysiology of the white matter injury.

Concerning the etiology of neonatal encephalitis, the findings of Verboon-Maciolek et al.1
indicate that HPeV3 is a major cause. Indeed during the period of their study, neonatal
encephalitis due to HPeV3 was three times more common than that due to EV and
accounted for 64% of all encephalitic cases admitted to their NICU. Of the major viral
infections of the developing nervous system (Table), i.e., rubella, cytomegalovirus (CMV),
herpes simplex virus (HSV), varicella-zoster, human immunodeficiency virus (HIV),
lymphocytic choriomeningitis virus, and EV/HPeV, most are acquired in utero and
symptomatic neonatal encephalitis is uncommon (Table).5 HSV and EV/HPeV are
associated most consistently with neonatal rather than fetal encephalitis.5 HSV encephalitis
exhibits diffuse gray and white matter changes and is discussed elsewhere.5 Neonatal
encephalitis caused by EV/HPeV has a distinctive clinical presentation and an apparent
predilection for the white matter, as discussed next.

Concerning the clinical features of EV/HPeV encephalitis, the usual presentation is fever,
rash, irritability and seizures.6–8 Diarrhea is a common accompaniment, and occurrence in
summer and fall, characteristic. Seizures are more common in HPeV3 encephalitis (90%)1
than in EV encephalitis (40%)8 and require more than one anticonvulsant drug for control in
most cases. Importantly, the routine CSF examination is normal in 90% of HPeV3 cases and
in the majority of EV cases, as well, and therefore on initial clinical evaluation, encephalitis
could be easily overlooked. Thus, PCR analysis that includes analysis for HPeV3 as well as
EV (and HSV) in CSF and blood is important in the assessment of newborns with

Correspondence to: Joseph J. Volpe, M.D., Department of Neurology, Children’s Hospital Boston, 300 Longwood Ave., Boston, MA
02115 USA, Joseph.volpe@childrens.harvard.edu.

NIH Public Access
Author Manuscript
Ann Neurol. Author manuscript; available in PMC 2009 September 1.

Published in final edited form as:
Ann Neurol. 2008 September ; 64(3): 232–236. doi:10.1002/ana.21466.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



unexplained seizures, especially with any of the other clinical features noted earlier or the
distinctive imaging features or both.8, 9

Concerning the pathology of HPeV/EV encephalitis, the distinctive pattern of white matter
involvement is noteworthy.1, 4, 10 At first glance the involvement of cerebral white matter
suggests periventricular leukomalacia (PVL), as typically observed in premature infants.5
However, the 10 infants with HPeV3 infection were predominantly (70%) term infants from
6 – 14 days of age, and in the 3 premature infants, the onset of encephalitis was at 53 – 90
days of age (postconceptional age of 36 – 39 weeks). Moreover, unlike PVL the cerebral
white matter abnormalities extend into the subcortical white matter and involve entire fiber
tracts, such as corpus callosum, optic radiation, as well as gray matter regions, e.g., posterior
thalamus. No neuropathological information is available. Among EV encephalitides,
Coxsackie B encephalitis has been shown to exhibit the hallmarks of meningoencephalitis,
i.e., infiltration of meninges with inflammatory cells, predominately mononuclear;
perivascular cuffing with inflammatory cells; and neuronal necrosis with collections of
microglia, macrophages and, later, astrocytes, although notably the findings generally are
not marked.5, 11 (Poliovirus, of course, produces a myelitis, also with clear neuronal
tropism.) Indeed, the clinical presentation in HPeV/EV encephalitis, with seizures
predominating, suggests neuronal involvement, and neurological sequelae, present in the
minority of cases, include cognitive deficits and epilepsy more than cerebral palsy, again
most consistent with neuronal/axonal disease. The apparent white matter involvement by
MRI of course does not prove an exclusive disorder of the premyelinating oligodendrocyte,
the principal oligodendrocyte form in the newborn,12, 13 and indeed the involvement of
fiber tracts and the diffuse distribution of the white matter abnormality are consistent with
axonal involvement. Diffuse axonal injury has been delineated recently in cerebral white
matter in premature infants with PVL.14

Concerning the pathophysiology of the white matter abnormality, although the similarity to
PVL is not perfect, the two major initiating mechanisms for PVL, ischemia and systemic
inflammation, deserve consideration.5, 15 Ischemia is not likely in these infants since only 4
of the 10 subjects in the report of Verboon-Maciolek et al.1 exhibited “hypotension”, which
additionally was only “mild”. Systemic inflammation seems unlikely to be involved, since
even with proven EV sepsis biomarkers of inflammation are only marginally elevated.16
The cause of the injury in the cerebral white matter in EV/HPeV3 encephalitis likely
involves activation of microglia, resulting, at least in part, from activation of the intracellular
toll-like receptors (TLRs) 7 and 8 by the ssRNA of HPeV or EV (Figure). TLRs are the
mediators of the innate immune response, via recognition of specific molecular motifs (so-
called pathogen-associated molecular patterns) shared by whole classes of microbials.17
Indeed, TLRs 7 and, especially 8, are involved in the host’s immune response to HPeV.18
Activation of microglia would lead to release of reactive oxygen and nitrogen species and
pro-inflammatory cytokines, especially TNFα and IL1-β, toxic to premyelinating
oligodendrocytes5, 19 and, likely, to developing axons.20–22 By analogy, the role of innate
immunity, mediated by TLRs on microglia, in the genesis of white matter injury is
exemplified by the demonstrations that activation on microglia of TLR 4 by
lipopolysaccharide or of TLR 2 by group B β-streptococcus results in toxicity to
premyelinating oligodendrocytes or to developing axons or both.23–27 Nevertheless, in
view of the very uncommon finding of CSF pleocytosis in PCR-positive HPeV3 CNS
infection with white matter injury,1 it seems unlikely that CNS inflammation is the
dominant or at least exclusive feature of the process. Of particular interest in this context,
recent work shows that TLR 8 also is localized to neurons and axons (Figure).22, 28
Strikingly, this TLR is distributed especially in growth cones and axonal fiber tracts and
only in the developing nervous system. Indeed the axonal expression of TLR 8 correlates
closely with that of growth associated protein (GAP)-43, a marker of axonal growth.22
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Notably, recent study of GAP-43 immunostaining in the developing human brain shows that
axonal growth and development is very active in the perinatal period.29 Activation of TLR
8 results in growth cone collapse, inhibition of axonal outgrowth and neuronal apoptosis.22,
28 Thus, it appears possible not only that activation of TLR 8 in microglia could lead to
premyelinating oligodendrocyte and axonal injury but also that activation of TLR 8 in
developing neurons/axons could result in disturbed axonal development, with axonal
retraction, and neuronal apoptosis (Figure). The axonal disturbance could be exacerbated by
loss of trophic interactions with the developing oligodendrocyte and in turn could itself lead
to impaired oligodendrocyte development.30–35

Thus, this interesting paper by Verboon-Maciolek et al.1 is important for several reasons.
The work highlights a previously unrecognized and, likely, common type of neonatal viral
encephalitis, provides new information concerning the etiologic evaluation of neonatal
seizures, and suggests the broader possibility that viral encephalitis may co-opt the innate
immune system to produce both destructive and dysgenetic effects.
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Figure.
Potential role of toll-like receptors (TLR) in pathogenesis of white matter injury with
HPeV3 encephalitis. HPeV3, a small single-stranded (ss) RNA virus, is taken up by brain
microglia and the organism’s released ssRNA binds to intracellular TLR 8 to initiate the
innate immune response. The resulting release of reactive oxygen and nitrogen species and
proinflammatory cytokines would lead to pre-oligodendrocyte (Pre-OL) and axonal injury.
Additionally the ssRNA of HPeV3, after infecting the neuron, could activate TLR 8 in the
cell body but especially in the developing axon and growth cone (where TLR 8 is most
abundant). The result would be axonal retraction and neuronal apoptosis (see text for
details).
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Table

Major Viral Infections of the Developing Nervous System

Primarily intrauterine (transplacental) infection

 Rubella

 Cytomegalovirusa

 Varicella-Zoster

 Lymphocytic choriomeningitis

Primarily parturitional or neonatal infection

 Herpes simplex

 Enteroviruses

 Human parechovirus

 Human immunodeficiency virusb

a
Cytomegalovirus infection, although acquired relatively early in pregnancy, occasionally presents with symptomatic neonatal encephalitis.

b
Human immunodeficiency virus infection, although acquired primarily during the perinatal period, rarely causes symptomatic neonatal

encephalitis.
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