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INTRODUCTION

Human Parechovirus (HPeV) is a single-stranded RNA virus
belonging to the Picornaviridae family. Despite being initially classi-
fied as echovirus 22 and 23 among human enteroviruses due to clinical
and morphological characteristics, further research has revealed that
HPeV possesses unique genome organization, structure, and replica-
tion mechanisms that differentiate it from other picornavirus groups.!
There are currently 17 known subtypes of HPeV, types 1 and 3 being
the most prevalent and type 3 associated with more severe diseases.**

HPeV is known to cause respiratory and gastrointestinal illnesses.
HPeV infection can be of varying illness severity, ranging from asymp-
tomatic to severe disease including sepsis, meningitis, and in rare cases,
encephalitis.? While most symptomatic HPeV infections are in chil-
dren younger than two years, the more severe cases are often associated
with neonates or infants less than three months of age.” A study done in
Australia showed that cerebrospinal fluid (CSF) pleocytosis was absent
in 96% of cases, making the diagnosis more challenging.® Treatment
is mostly supportive care with some reported benefits of intravenous
immunoglobulin (IVIg) and corticosteroid as there are no standardized
treatment modalities.”

HPeV type 3 (HPeV3), the dominant genotype responsible for most
severe cases, typically follows a biennial pattern, showing higher activ-
ity in even-numbered years.' In July 2022, the Centers for Disease
Control and Prevention (CDC) issued a health advisory after receiving
reports of neonates and infants with HPeV illness." In this report, we
describe four neonates admitted for severe HPeV illness in the summer
of 2022 successfully treated with IVIg and corticosteroids.

CASE REPORT

Casel

A six-day-old previously healthy female born at 40 weeks gestation-
al age (GA) presented to the hospital with a temperature of 100.3°F
(37.9°C), decreased responsiveness, poor latch while breastfeeding,
and high-pitched crying. On hospital day two, the patient developed
hypopnea associated with lateral eye deviation that was refractory
to lorazepam, necessitating transfer from the pediatrics floor to the
pediatric intensive care unit (PICU). The patient underwent emer-
gent endotracheal intubation and was started on intravenous (1V)
levetiracetam and phenobarbital. Seizures initially improved per contin-
uous video electroencephalogram (cEEG), but ultimately required 1V
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midazolam for sustained control. Full sepsis evaluation including blood,
urine, and CSF studies was completed. Spinal fluid analysis demon-
strated a white blood cell count of 6 cells/microl., an elevated protein
of 96 mg/dL, and polymerase chain reaction (PCR) pathogen testing
was positive for HPeV (Table 1). Empiric antibiotics were stopped and
supportive management, including antiepileptics, was continued.

On hospital day three, the patient demonstrated symptoms of shock
from the ongoing inflammatory response requiring norepinephrine,
epinephrine, and hydrocortisone. On hospital day four, the patient
developed intermittent subclinical seizures in the left central region
despite antiepileptics. IV pentobarbital infusion was initiated to
achieve burst suppression on EEG. IVIg was administered due to the
ongoing hyperinflammatory state and subclinical seizures. Magnetic
resonance imaging (MRI) of the brain was obtained after 24 hours of
burst suppression on cEEG and showed extensive diffusion restric-
tion involving the supratentorial juxtacortical and periventricular white
matter, bilateral thalami, and corpus callosum with associated diffuse
meningeal enhancement consistent with parechovirus meningoen-
cephalitis (Figure 1).

By hospital day seven, the patient was successfully weaned from pen-
tobarbital and continued levetiracetam and phenobarbital. She was
extubated on hospital day 10 and transferred back to the pediatrics
floor for continued monitoring and rehabilitation. By hospital day 17,
she progressed to enteric feeds via nasogastric (NG) tube and was con-

sidered stable for discharge with close outpatient follow-up.

Figure 1. MRI of brain of patient 1 showing extensive diffusion restriction involv-
ing the supratentorial juxtacortical and periventricular white matter, bilateral
thalami, and corpus callosum with associated diffuse meningeal enhancement.
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Table 1. Demographics, presenting symptoms, and results of cerebrospinal fluid analysis.

Characteristics Patient 1 Patient 2 Patient 3 Patient 4
Admission month, year June 2022 July 2022 June 2022 August 2022
Location Kansas Kansas West Virginia West Virginia
Age, days ) 42 18 7
Gestational age, weeks 40 34 36.6 37
Sex Female Male Male Female
Race Caucasian Caucasian Caucasian Caucasian
Admission weight, kg 39 3.82 2.86 27
PRISM 3 10 15 14 16

. . Hypothermia, poor feeding,
Presenting symptoms Fever, poor feeding Hypothermia, poor feeding Hypothermia, poor feeding, apnea, decreased tone,
apnea, decreased tone
erythroderma
Cerebrospinal Fluid analysis
WBC, cells/microl. 6 10 1 0
Protein, g/dL 96 112 71 98
Glucose, g/dL 63 44 ol 79
HPeV PCR Positive Positive Positive Positive
Complete blood count
WBC, x10%/microl 0.3 7.6 8.84 5.32
Hemoglobin, g/dL 15.0 11.0 16.2 14.0
Platelets, x10%/microl. 213 260 248 176
Lymphocytes % 84 26.7 134 17.2
Neutrophils % 82.6 50.2 060.0 62.5
Monocytes % 7.8 21.3 17.5 13.5
Eosinophils % 0.2 0.1 1.0 1.2
PICU admission, hospital 9 1 9 1
day
Mechanical ventilation Yes Yes Yes Yes
Electrographic seizures Yes Yes Yes Asymmetric slowing
Clobazam, Fosphenytoin
Lorazepam, Phenobarbital, Levetiracetam
Antiepilentic medications Levetiracetam, Phenobarbital, Levetiracetam, Midazolam Levetiracetam
pricp ; Midazolam infusion, Pento- Pentobarbital infusion Oxcarbazepine,
barbital infusion Topiramate,
Pentobarbital infusion
Discharge antiepileptic Phenobarbital Phenobarbital Levetlraceta}m .
Lol . . Oxcarbazepine Levetiracetam
medications Levetiracctam Levetiracetam -
topiramate
Extensive abnormal diffu- ST . .
e . . L . . - . Small foci of restricted dif-
Extensive diffusion restric- | sion restriction involving the | Restricted diffusion within . o .
S . . . . . fusion noted within the bi-
tion involving the bilateral | periventricular and subcor- the white matter of . . .
L9 . . . . . . lateral periventricular white
. . supratentorial juxtacortical | tical white matter as well as bilateral cerebral hemi- . . .
MRI brain findings . ; . . matter with associated mild
and periventricular white the corpus spheres, the internal and ex- | . .
. . . increased signal on FLAIR
matter bilateral thalamiand | callosum and internal cap- | ternal capsules, the corpus | . - 0o .
; o . imaging within the periven-
corpus callosum sule patchy involvement of callosum, and thalami tricular white matter
the bilateral thalami
Cardiac dysfunction Epinephrine, Norepinephrine, ) ] ) )
Vasoactives infusions Epinephrine, Norepinephrine Vasopressin Epinephrine, norepinephrine | Epinephrine, Norepinephrine
BNP (pg/ml) Not obtained 768 Not obtained Not obtained
pNT-BNP peak (pg/ml) Not obtained Not obtained 163964 43,502
Troponin (pg/ml) Not obtained 913 478 661
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Table 1. Demographics, presenting symptoms, and results of cerebrospinal fluid analysis. continued.

Characteristics Patient1 Patient 2 Patient 3 Patient 4
Management
Intravenous Immunoglobulin IVIG 1g/kg IVIG 1g/kg IVIG 1g/kg IVIG 1g/kg
(IVIg) dose
Hydrocortisone 1 mg/kg Hydrocortisone 1 mg/kg Methylprednisolone Methylprednisolone
Steroids every six hours every six hours 30 mg/kg/d 30 mg/kg/d
Outcomes
Ventilator days 9 7 33 13
PICU LOS, days 11 11 46 17
Hospital LOS, days 17 11 56 21
Survival to discharge Yes Yes Yes Yes
Functional State Scale 15/30 13/30 15/30 10/30
Long-term neurodevelopmental Moderate dCVCl.OpH.lcnta.l delay Mild developmental delays Significant motor
On Phenobarbital for seizures o Normal development
outcomes P . No spasticity developmental delay
Diffuse hypotonia
Case 2 discontinued. Vasopressors and pentobarbital were gradually weaned

A six-week-old male born at 34 weeks GA presented to the hospital
with fussiness, hypothermia, poor feeding, and episodes of stiffening
at home. A full sepsis workup was done in the emergency department
including a spinal fluid analysis with elevated WBC of 10 cells/microl.,
elevated protein 112 mg/dl,, and positive HPeV on PCR panel (Table
1). Troponin I and brain natriuretic peptide (BNP) were significant-
ly elevated, indicating signs of myocarditis (Table 1). Non-contrast
computed tomography (CT) head demonstrated multiple areas of
supratentorial poor gray-white matter differentiation concerning for
cerebral edema (Figure 2). The patient required endotracheal intuba-
tion secondary to apnea-associated status epilepticus. cEEG revealed
frequent focal sharp wave discharges from both central and temporal
regions. The patient was started on IV phenobarbital and levetirace-
tam. In the setting of profound hemodynamic instability and shock,
the patient required norepinephrine, epinephrine, and vasopressin in-
fusions in addition to intravenous hydrocortisone. IVIg treatment was
administered over 10 hours.

Figure 2. MRI brain of patient 2 showing extensive abnormal diffusion re-
striction involving the periventricular and subcortical white matter as well as
the corpus callosum and internal capsule patchy involvement of the bilateral
thalami.

On hospital day two, there was evidence of refractory status epilep-
ticus. The patient was started on continuous pentobarbital infusion.
CSF cultures remained negative at 48 hours, and antibiotics were

by hospital day six. MRI brain with contrast showed extensive abnor-
mal diffusion restriction involving the periventricular and subcortical
white matter, the corpus callosum, the internal capsule, and patchy
involvement of the bilateral thalami (Figure 2). The patient was extu-
bated on hospital day 7 and discharged on hospital day 11 with close
outpatient follow-up.

Case 3

A previously healthy 18-day-old male born at 36.6 weeks GA was
admitted for a one-day history of poor feeding, irritability, and high-
pitched crying. Twelve hours after admission, the patient developed
lethargy, hypothermia (95.5°F [35.3°C]), and irregular respirations
with resultant respiratory acidosis requiring transfer from the pedi-
atrics floor to the PICU. The patient was placed on bilevel-positive
airway pressure (BiPAP) with an initial improvement in respiratory
acidosis. A full sepsis workup was completed, and spinal fluid analy-
sis showed no pleocytosis with normal protein and glucose, but a CSF
PCR panel was positive for HPeV. On hospital day three, the patient
required significant fluid resuscitation for hemodynamic instability
and was intubated due to recurrent apnea. His clinical status worsened
with shock and disseminated intravascular coagulation (DIC; Table 1).
A transthoracic echocardiogram (TTE) revealed normal cardiac func-
tion.

cEEG showed frequent interictal subclinical seizure activity reflect-
ing status epilepticus with seizure focus on the left frontal-temporal-
central region. Seizure management included intravenous levetirace-
tam and then phenobarbital to achieve seizure control. A single dose
of IVIg was given on hospital day four, and his EEG continued to have
focal abnormalities in the left frontal-temporal-central region. pBNP
levels continued to rise dramatically to over 160,000 pg/ml by day sev-
en. A repeat TTE was obtained and was notable for mild LV dilation
with low-normal left ventricular systolic function, ejection fraction of
50% suggestive of possible viral myocarditis. Given TTE findings and
persistently elevated pBNP, IVIg was restarted on hospital day seven,
completing a five-day course. Repeat MRI and magnetic resonance
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venography (MRV) brain with contrast was notable for severely restrict-
ed diffusion in the white matter of bilateral cerebral hemispheres, the
internal and external capsules, the corpus callosum, and thalami, as
well as a few areas of punctate hemorrhage. On hospital day 10, cKEG
demonstrated worsening bilateral epileptiform activity, and pentobar-
bital infusion was started to achieve burst suppression. Intravenous
methylprednisolone 30 mg/kg/day burst for three days followed by a
taper was also initiated. His pBNP trended down rapidly thereafter and
he was weaned off pentobarbital on hospital day 18 and was seizure free
on intermittent antiepileptics.

A repeat MRI brain on hospital day 22 revealed severe, widespread
leukomalacia. However, the patient remained seizure-free. He was suc-
cessfully extubated on hospital day 33. Ultimately, he was discharged
home on hospital day 55 on levetiracetam, oxcarbazepine, and topira-
mate. His neurological examination at that time was non-focal.

Case 4

A previously healthy seven-day-old female born at 37 weeks GA was
admitted to the PICU for hypothermia (94°F [34.4°C]), hypotonia,
and apnea requiring endotracheal intubation. Sepsis workup including
lumbar puncture was not pursued on admission given unstable hemo-
dynamics and coagulopathy, but empiric antimicrobials were initiated.
On hospital day two, high-dose epinephrine and norepinephrine infu-
sions were started for ongoing hemodynamic instability. Hematologic
parameters revealed DIC, and the patient received vitamin K and FFP
(Table 1). pBNP (16,649 pg/ml) and troponin (661 pg/ml) were ele-
vated, although TTE showed normal cardiac function. On hospital day
four, spinal fluid analysis showed no CSF pleocytosis, but the PCR was
positive for HPeV. IVIg was initiated and continued for five days. EEG
normalized as starting levetiracetam.

On hospital day six, she was weaned off vasopressors, and MRI/
MRYV brain with contrast was obtained revealing small foci of restricted
diffusion within the bilateral periventricular white matter. On hospital
day seven, she had a recurrence of asymmetric, but non-epileptiform,
EEG changes with an abrupt rise in pBNP and hypofibrinogenemia
despite declining troponin and inflammatory markers. Given the recur-
rence of lateralized EEG findings correlating with known ischemia on
MRI, rising pBNP, and decreasing fibrinogen, a high-dose methylpred-
nisolone 30 mg/kg/d was started. EEG normalized on day nine. She
was extubated on hospital day 14, transferred to the pediatric floor, and
was able to be discharged home by hospital day 17 on levetiracetam with
no focal neurological deficits.

DISCUSSION

HPeV encompasses a wide clinical spectrum with more severe
presentations being noted across the U.S. in 2022.1° We describe four
neonates with severe HPeV illness presenting with seizures, sepsis, and
multiorgan failure (Table 1). Studies have demonstrated that HPeV3
can cause severe sepsis-like illness, with fever, reduced feeding, neuro-
logical symptoms (such as irritability and seizures), and rash being the

Dnost frequent clinical signs observed in hospitalized children.!*1

According to a case series by Ristagno et al.,'° an early diagnosis can
lead to a shorter duration of hospitalization, attenuated antibiotic use,
and avoidance of unnecessary diagnostic tests in critically ill infants.
Therefore, timely diagnosis and intervention can provide useful prog-
nostic guidance for families, including favorable neurologic outcomes
despite illness severity.'® While leukopenia accompanied by fever has
been suggested as a distinctive characteristic of HPeV infection, there
are no clinical features that can accurately differentiate HPeV3 infec-
tion from other viral or bacterial causes of sepsis in young infants.
Therefore, it is necessary to have a low threshold for conducting blood
and CSF testing for HPeV in acutely ill infants younger than six months.
Priorresearch also indicates that HPeV meningoencephalitis frequent-
lylacks CSF pleocytosis,”® so an elevated white blood cell countin CSF
should not be used as a criterion to determine whether HPeV testing
is required. CSF analysis is necessary to confirm the diagnosis, and
molecular testing such as real-time (RT)-PCR is the most sensitive
and specific method for detecting HPeV in CSE?® Delayed diagnosis and
treatment can result in severe complications, including encephalitis,
hydrocephalus, and death.”

Unlike other forms of encephalitis and regardless of imaging results,
HPeV can cause hypertension and bradycardia suggestive of possible
cerebral edema.'® HPeV3 encephalitis typically affects only the white
matter. MRI imaging characteristically shows focal frontal-predomi-
nant subcortical white matter and callosal involvement with excessive
high signal intensity on diffusion weight imaging. Contrastingly, neo-
natal HSV encephalitis typically exhibits diffuse gray and white matter
changes.! According to a study by Midgley et al.,** HPeV3 can cause
severe neurologic illness in neonates and, in some cases can be asso-
ciated with white matter changes. They found that severe HPeV3
infections requiring critical care management were more commonly
seen in infants younger than three weeks and with older infants being
less critical >

Focal seizures as shown by our patients are like those seen in herpes
simplex virus (HSV) encephalitis. In children, a focal seizure in a spe-
cific area of the brain suggests HSV encephalitis, but in neonates, other
symptoms such as generalized seizure, lethargy, and irritability may also
be present.” In children, HSV encephalitis is commonly seen during the
second or third week of life, whereas severe HPeV-A3-related disease
is usually found in newborns and infants under four months of age.?

Currently, there are no antivirals or vaccinations for HPeV.* The
current mainstay of treatment of neonatal enterovirus infections,
including HPeV, is supportive care. Potential treatment options for
HPeV infection comprise [VIg substances that inhibit the capsid, and
inhibitors targeting the 3C protease.'® The use of IVIgin treating severe
diseases has been reported to have some favorable outcomes, like its
use in treating severe enterovirus infections in neonates, but data are so
far restricted to case reports.”** It has been suggested that IVIg could
lead to faster viral clearance due to pathogen-specific neutralizing
antibodies;® however, the evidence is not yet definitive.*” IVIg samples
tested in Japan exhibited significant levels of neutralizing antibodies
against HPeV3.2% Inlaboratory tests, [VIg demonstrated a dose-depen-
dent suppression of HPeV3 replication. Additionally, administering
IVIg at an early stage proved to be more effective in reducing HPeV3
RNA levels. 222+ Other case reports describe improvement of severe



myocarditis and dilated cardiomyopathy secondary to HPeV1 following
IVIg treatment, with increased HPeV1 antibody titers being linked to
the response observed.?

While the role of corticosteroids in bacterial meningitis is still under
investigation, studies from high-income countries suggest that treat-
ment with dexamethasone is associated with lower mortality in adults
and fewer neurological and auditory sequelae in children and adults.
In contrast, studies conducted in developing countries have yielded
ambiguous results.”” While studies from high-income countries suggest
benefits in terms of reduced mortality and sequelae, studies in develop-
ing countries have not shown consistent results. Further research is
needed to understand the factors influencing the effectiveness of corti-
costeroid treatment and to clarify its potential risks and benefits.> Our
patients were successfully treated with IVIg and corticosteroids with
no major neurologic deficits at discharge.

The long-term neurodevelopmental outcomes of HPeV infection
have been observed to be heterogencous, ranging from normative
development to varying degrees of cognitive impairment, learning dis-
abilities, behavioral anomalies, severe developmental delays, cerebral
palsy, and intractable epilepsy."” In our report, patient 1 had diffuse
hypotonia and moderate developmental delays at seven months old
with concerns for seizures for which she is still on Phenobarbital (Table
1). Given the potential risk of neurodevelopmental abnormalities and
epileptic seizures, individuals diagnosed with this condition should
undergo close follow-ups with pediatric neurologists.

CONCLUSIONS

In this case series, we discuss four cases of severe illness caused
by HPeV infection in neonates and young infants during the 2022
nationwide outbreak. Given the lack of antivirals at this time, prompt
diagnosis and supportive management are important. In addition to
typical supportive measures, [VIg and corticosteroids can be consid-
ered as adjunctive therapy in severe HPeV illness, but require more
data to support routine use. Seizures can be refractory and may benefit
from parental antiepileptic therapies for control. Patients are at risk
for long-term neurologic sequalae and need close post-discharge fol-
low-up. Outbreaks should be monitored with active surveillance and
research focused on host immunity and anti-viral options are critical to
ongoing management of severe HPeV disease, especially in neonates.
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