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SUMMARY Human parechovirus (HPeV) is increasingly being recognized as a po-
tentially severe viral infection in neonates and young infants. HPeV belongs to the
family Picornaviridae and is currently divided into 19 genotypes. HPeV-1 is the most
prevalent genotype and most commonly causes gastrointestinal and respiratory dis-
ease. HPeV-3 is clinically the most important genotype due to its association with
severe disease in younger infants, which may partly be explained by its distinct viro-
logical properties. In young infants, the typical clinical presentation includes fever,
severe irritability, and rash, often leading to descriptions of “hot, red, angry babies.”
Infants with severe central nervous system (CNS) infections are at an increased risk
of long-term sequelae. Considering the importance of HPeV as a cause of severe vi-
ral infections in young infants, we recommend that molecular diagnostic techniques
for early detection be included in the standard practice for the investigation of
sepsis-like illnesses and CNS infections in this age group.
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INTRODUCTION

Human parechoviruses (HPeVs) were first isolated in 1956 and classified as entero-
viruses (named echoviruses 22 and 23) but were not assigned to the separate

genus Parechovirus until 1997 (1, 2). These viruses often cause gastrointestinal or
respiratory illness in young children but infrequently cause disease in older children
and adults (3, 4). In infants, clusters and outbreaks of HPeV infection are being
recognized (5–9). These infants can present with a sepsis-like picture, often with central
nervous system (CNS) involvement, which is difficult to differentiate clinically from
bacterial sepsis (5, 10). They may present with seizures or significant neurological
impairment while having only modestly increased levels of inflammatory markers and
minimal cerebrospinal fluid (CSF) pleocytosis (11). Severe HPeV infections in infants are
also associated with a risk of long-term complications (10–12).

The application of molecular diagnostic methods has enabled the early recognition
of HPeV infections. Early recognition is important as it may reduce the use of antibiotics
and shorten the duration of hospital admissions for patients with mild to moderate
disease. It is also likely to lead to appropriate investigations and follow-up for potential
complications in infants who are severely affected (5, 10, 13).

This review describes the virology, pathogenesis, immunology, epidemiology, clin-
ical manifestations, diagnosis, and therapy of HPeV infections in infants and children.

VIROLOGY

Virus Structure and Genomic Organization

HPeV is classified in the family Picornaviridae, which includes viruses that infect both
animals and humans (14). Picornaviruses are nonenveloped viruses with positive single-
stranded RNA (ssRNA) enclosed in an icosahedral capsid (15). HPeV was first isolated in
1956 by Wigand and Sabin during studies on summer diarrhea. The first two viruses
were classified as echoviruses 22 and 23 of the genus Enterovirus (1). The determination
of the complete nucleotide sequence of echovirus 22 in 1992 suggested that both
echoviruses 22 and 23 belong to an independent group of picornaviruses (16, 17).
Currently, human parechoviruses are classified in the genus Parechovirus, which is
divided into two species: Parechovirus A and Parechovirus B. Parechovirus A is currently
subdivided into 19 genotypes, HPeV-1 to -19, based on phylogenetic analysis of VP1
sequences, while Parechovirus B comprises Ljungan viruses 1 to 4 (18, 19) (http://www
.picornastudygroup.com/taxa/serotypes/serotypes.htm). This review focuses only on
Parechovirus A.

The HPeV virion has a diameter of 28 nm and contains a positive-sense, single-
stranded RNA genome of approximately 7,300 nucleotides (16, 20). The HPeV capsid is
composed of 60 protomers formed out of three nonidentical polypeptide chains (VP0,
VP1, and VP3) (Fig. 1) (21). These three polypeptide chains are co- and posttranslation-
ally formed out of one single polyprotein. Because the VP0 protein of HPeV remains
intact and is not cleaved into VP2 and VP4 fragments as in other picornaviruses, the
capsid contains only three instead of four different polypeptides (22, 23). The VP1
protein differs from the analogous capsid proteins in other picornaviruses by the
blockage of the VP1 hydrophobic pocket.

The HPeV genome is divided into four different areas: the 5= untranslated region
(UTR), one open reading frame (ORF), the 3= UTR, and a poly(A) tract. The single ORF is
translated into one polyprotein that is cleaved into several precursor molecules, which
are eventually turned into both structural and nonstructural proteins (14, 24). The
structural proteins of the capsid (VP0, VP1, and VP3) are located at the N-terminal
portion of the polyprotein and followed by nonstructural proteins 2A, 2B, 2C, 3A, 3B, 3C,
and 3D (Fig. 2) (15, 25).
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Cell Entry

The C terminus of VP1 of HPeV-1 contains an arginine-glycine-aspartic acid (RGD) motif,
which plays a role in host cell recognition and attachment of several viruses through
interactions with cell surface integrins (17, 26, 27). The RGD motif seems to be essential for
the infectivity of HPeV-1, -2, -4, and -5. Interestingly, HPeV-3 differs from those genotypes
as it lacks the RGD motif, which implies the use of a different receptor for cell entry (28). This
might result in a change of tissue tropism and could partly explain why HPeV-3 infections
have different epidemiology and clinical presentations compared to those of infections
caused by other HPeV genotypes (29, 30). However, certain strains of HPeV-1, -5, -7, -8, -10,
-11, -13, -14, and -15 were also found to lack an RGD motif (29, 31–33).

Biochemical and structural studies have shown that HPeV-1 binds to �V�1, �V�3,
and �V�6 integrin receptors. A recent study using an antibody blocking assay, immu-
nofluorescence microscopy, and reverse transcription-quantitative PCR (RT-qPCR) sug-
gested that HPeV-1 is internalized and replicates only in cell lines that express �V�1
integrin and not in those with �V�3 or �V�6 integrins. After an interaction with cell
surface integrins, HPeV-1 probably enters the host cell through the clathrin-dependent
endocytic pathway (34–36).

Replication

During the replication cycle, HPeV-1 proteins can be located in the cellular endo-
plasmic reticulum (ER) at 30 min postinfection and in the cis-Golgi network after 60 min.
At 4 h postinfection, capsid polypeptides had been synthesized and were detectable in
the cytoplasm of infected cells. Within 6 to 8 h, HPeV-1 had completed an entire
replication cycle (36).

Major changes in infected cells were found to be a dilated ER, which is stripped of
its ribosomes, and a completely dispersed Golgi complex (37). HPeVs differ from most
other picornaviruses because they do not shut off the protein synthesis of the infected
cell during their own replication (38).

Evolution

Different genotypes are recognized based on phylogenetic differences in the VP1
region. Bayesian analysis indicated that the VP1 region evolves at a high rate of

FIG 1 Structure of the human parechovirus virion. (Republished from reference 21 with permission of the
publisher.)

FIG 2 Genome organization of human parechovirus. (Republished from reference 25 with permission of
the publisher.)
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evolutionary change (�10�3 substitutions per site per year). The Parechovirus A species
probably diverged from its most recent common ancestor about 400 years ago and
since then has evolved into different lineages. For example, it is estimated that HPeV-7
diverged from HPeV-3 around 150 years ago (39).

For most HPeV types, recombination seems to be an important factor in the
evolution of the genus and may influence spread and pathogenicity. Recombination in
HPeV occurs at a frequency similar to that of enteroviruses (40, 41). HPeV-3 differs from
the other genotypes by undergoing little or no recombination and may have biological
restrictions that prohibit recombination. One study showed no recombination in
HPeV-3 strains, whereas 50% of the other HPeVs (types 1, 4, 5, and 6) isolated in the
same year were recombinant. A different cell tropism, probably due to a lack of an RGD
sequence, may contribute to this observation by reducing the chance of coinfection
and, thus, recombination with other genotypes (40).

PATHOGENESIS AND HOST RESPONSE
Replication Sites

As HPeV predominantly affects the gastrointestinal and respiratory tracts, these
locations might be considered to be the primary replication sites (25, 30). In a minority
of cases, HPeV causes systemic illness by spreading hematogenously to other organs,
including the brain or liver, that may act as secondary replication sites (25). In vitro
studies showed that replication of HPeV types 1 to 6 is possible in many different cell
lines (42). In a study that used HPeV-1 and HPeV-3 strains from patients with clinical
symptoms, HPeV-3 strains showed better replication efficacy on a neural cell line
(human neuroblastoma) than did HPeV-1. Furthermore, HPeV-3 isolates from patients
with CNS disease showed better replication efficacy on neural cells than did isolates
from patients without CNS disease (43).

Transmission

Transmission of HPeV is thought to take place easily between young children and
occurs most frequently in those under 2 years of age (44). A Danish study recognized
that the presence of a sibling �2 years old increased the risk of severe HPeV-3 infection
11-fold (45). Transmission can occur through the fecal-oral route from both asymptom-
atic and symptomatic infected individuals, in whom viral loads have been shown to be
similar. The estimated median duration of shedding in stool is over 50 days (46, 47).
Little data are available on transmission through the respiratory tract, but it has been
suggested to be an acquisition route in children with CNS symptoms (48). Respiratory
shedding is estimated to have a duration of 1 to 3 weeks (47).

Innate Immune Response

The innate immune system can recognize and respond quickly to specific compo-
nents of viruses by inducing the production of cytokines by effector cells. Toll-like
receptors (TLRs) are transmembrane proteins that have a key role in regulating innate
immune responses against a variety of microbiological pathogens. Triantafilou et al.
(49) studied in vitro immune responses to HPeV-1 and demonstrated that TLR8 and
TLR7 act as host sensors for intracellular virus. These TLRs localize to endosomes, where
they sense viral ssRNA and stimulate the secretion of inflammatory and regulatory
cytokines (Fig. 3). Volpe (50) raised the possibility that this TLR activation may have a
role in neuronal injury in infants with CNS infection by the inhibition of axonal growth
and neuronal apoptosis. Interferon (IFN) expression is an important factor in the innate
immune response, and both TLR-dependent and -independent pathways can be
involved in the regulation of IFNs (49, 51).

Acquired Immune Response

The important antigenic site in HPeV-1 is thought to be the RGD motif of the VP1
protein, as described for other picornaviruses (52–54). Another antigenic site has been
identified on the VP0 protein in a location that has not been reported to be antigenic
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in other picornaviruses (54). One study found evidence for immunogenic epitopes on
all three capsid proteins (VP0, VP1, and VP3) (55).

Using antibody-producing B cells from human donors, Shakeel et al. (56) managed
to produce two different monoclonal antibodies specific for HPeV-1: AM18 and AM28.
The epitope of AM18 was located on the VP1 protein, including the RGD motif, and
probably neutralizes the virus by aggregation and by blocking integrin binding to the
capsid. AM28 recognizes a conformational epitope on the capsid composed of VP0 and
VP3 loops from neighboring pentamers and probably inhibits RNA uncoating (56, 57).

EPIDEMIOLOGY AND CLINICAL SYNDROMES
Geographic Distribution

HPeV infections are common around the world and have been identified on every
inhabited continent (48, 58–62). Reported prevalence rates vary depending on the age
of the subjects included in the study population and the sampling sites chosen. HPeV-1
seems to be the most predominant genotype, although a study from Pakistan detected
HPeV-15 in the majority of patients (31–33, 63).

Seasonality

The seasonality of HPeV infections shows considerable variability and appears to
depend on the predominant genotype. HPeV-1 circulates throughout the year and does
not show strong seasonality. National surveillance studies from the United States and
Denmark described a small increase in the rate of HPeV-1 infections in the summer and
autumn months, whereas Dutch data show a low rate in the summer months (4, 59, 64).

HPeV-3 shows a more variable temporal pattern of circulation. Years of high
prevalence can alternate with years of a near absence of infections. A pattern of
biannual cycles has been observed in northern Europe, where HPeV-3 infections have
occurred much more frequently in even-numbered years between 2000 and 2010 (65,
66). The cause of this absence-and-reappearance pattern is unclear but may be related
to the recombination dynamics of the viruses (67). A study from Japan did not show a

FIG 3 Cell entry and innate immune response. HPeV attaches to the cell surface by interaction of the RGD
motif with �V�1 integrin. The clathrin-dependent pathway facilitates the internalization of HPeV into
endosomes, where a signaling cascade is mediated. Upon the activation of TLR7 and TLR8, the adaptor
protein MyD88 stimulates NF-�B expression. The cooperative binding of the NF-�B p65 subunit, IFN
regulatory factor 3 (IRF-3), and activator protein 1 (AP-1) to the type I IFN promoter region of the DNA
induces IFN-� gene transcription (20), which results in the induction of the proinflammatory cytokines
IFN-�, tumor necrosis factor alpha (TNF-�), and interleukin-6 (IL-6) (49).
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biannual pattern of HPeV-3 infections but described annual differences with epidemic
years in which there is a more pronounced peak of infections during the summer
months (68). This preference for infections during summer and autumn has also been
observed in several smaller studies from different continents (69–71). During the years
of high HPeV-3 frequency, the annual distribution of HPeV in The Netherlands resem-
bled that of enterovirus infections, which show a peak in the summer months. In odd
years, this high frequency was not observed (65).

Outbreaks

The first report of nosocomial outbreaks of HPeV infections dates from 1968. HPeV-1
(echovirus 22) was detected during three different outbreaks of respiratory disease in
18 infants admitted to a premature nursery in New York (6). Another outbreak of
HPeV-1 involved 19 neonatal intensive care unit (NICU) patients with gastrointestinal
disease in Israel (7). A third nosocomial outbreak was reported in mostly premature
neonates in Croatia, who developed gastrointestinal or respiratory symptoms of only
mild to moderate severity (8).

HPeV-3 has also been associated with nosocomial outbreaks of severe disease.
During an outbreak in an obstetric unit in Austria, HPeV-3 caused sepsis-like illness in
20.5% of neonates born within a 2-week time frame. However, the specific source of the
infections could not be identified (9).

In a community outbreak in New South Wales, Australia, HPeV-3 was detected in 183
infants with an average age of 46 days during a 4-month period in spring and summer.
Notification of medical staff of the clinical presentation of and management options for
HPeV and syndromic surveillance during this outbreak resulted in a 30% decrease in
hospital stays and possibly also a minimization of unnecessary antimicrobial drug use (62).

Studies in Yamagata, Japan, reported community HPeV-3 outbreaks associated
mostly with myalgia every 2 to 3 years during the summer months (72). Another study
from the same country but in a different region described an epidemic of HPeV-3
sepsis, sepsis-like syndrome, and encephalitis in 43 young infants under 4 months of
age in the summer (73).

Seroprevalence and Asymptomatic Infections

Seropositivity for HPeV-1 is almost universal in adults, whereas only 10% of Dutch
and about 73% of Japanese adults carry HPeV-3 antibodies (74–76). This difference in
seroprevalence is likely to cause a lower level of maternal protection against HPeV-3
than against HPeV-1 in infants and might explain why symptomatic HPeV-3 infections
tend to occur in much younger children and are associated with more severe disease than
HPeV-1 infections. In Japan, seropositivity rates for HPeV-3 were significantly lower than
those for HPeV-1 in cord blood samples of healthy full-term neonates at a cutoff titer
of 1:4. Low antibody titers (�1:32) were found in about 40% of these infants (n � 175),
suggesting that a high proportion of newborns lacked maternal protection against
HPeV-3 infection. All of the infants with severe HPeV-3 infection (n � 45) had low
antibody titers at disease onset. In this group, antibodies increased to a high level
following infection, suggesting an important role for the development of neutralizing
antibodies in fighting HPeV-3 infections (77).

A longitudinal study of 200 asymptomatic Finnish children 3 months of age and
older, in which stool samples were tested, showed that infection rates increased rapidly
during the first year of life and dropped again after 24 months of age. The cumulative
incidence of infection was 48% by the age of 22 months (44). A comparable study from
Norway detected HPeV at least once in 43% of children before 12 months of age and
in 86% before 24 months of age. HPeV-1 was detected most frequently, but types 3 and
6 were also found (46).

Symptomatic Infections

Children under the age of 2 years are at the greatest risk of developing symptomatic
HPeV infection. Generally, HPeV-1 is the predominant cause of disease, followed by
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types 3 and 6, respectively (3, 30, 65, 70). Children under 6 months of age present with
the most severe course of the disease, related to higher rates of HPeV-3 infections (3,
11, 30, 68, 70). HPeV-3-infected children presenting with severe disease appear to be
significantly younger than those with gastroenteritis (78). Some studies describe a high
rate of premature birth in patients with severe HPeV-3 infections (11, 79–81). HPeV-6
tends to affect an older age group than the other two common types and is detected
mainly in children �1 year of age (68, 82). Gastrointestinal symptoms are the most
common presentation, whereas most severe infections are sepsis-like and CNS infec-
tions (68).

Gastroenteritis

Gastroenteritis is considered to be the most common manifestation of HPeV infec-
tions and can be caused by almost all HPeV types (30, 33, 83–85). HPeV-1 seems to be
the most detected genotype, followed by HPeV-4 and -6 (31, 32, 59, 68, 83, 84, 86, 87).
The majority of larger studies describing the epidemiology of gastroenteritis associated
with HPeV were performed in Asian countries (60, 84, 88–90). In studies of more than
400 subjects with symptoms of gastroenteritis (seven studies), the estimated preva-
lence of HPeV infections in children �2 years of age with gastroenteritis ranged from
6.6% to 24.6% in Japan, The Netherlands, and Iran (29, 59, 60, 84, 88–90). Most patients
were male (58.3% to 70.2%), and the median age of infected patients was between 10
and 17 months (29, 84, 88–90).

Of the hospitalized children with HPeV gastroenteritis in Sri Lanka, 90% were
dehydrated, and fever and vomiting were present in 30 and 40% of the patients,
respectively (31). A less severe course of disease has been described for HPeV-15
infections, in which fever and vomiting were uncommon (33). In contrast, HPeV-11 (n �

2) seems to be related to severe diarrhea (�10 episodes/day) with vomiting (31).
Some authors have questioned the clinical importance of HPeV detection in children

with gastroenteritis. In a longitudinal observational study of healthy Norwegian infants,
monthly stool samples were obtained, and symptoms of infections were recorded. No
association between the presence of HPeV and reported symptoms of gastrointestinal
or upper respiratory tract infections was found (46). Another study did not find a
difference in HPeV prevalences or viral loads between hospitalized children with
diarrhea and asymptomatic children (83). However, data from those studies are difficult
to interpret due to low patient numbers, common coinfection with other viruses, and
the fact that HPeV carriage in stool can be prolonged and occur long after symptoms
have resolved.

Respiratory Tract Infections

HPeV-1, -3, and -6 are the most frequently identified genotypes in respiratory
samples (48, 91, 92). HPeV is detected in both upper and lower respiratory tract
infections and presents with nonspecific symptoms (6, 48). A study from 1968 of three
outbreaks of respiratory disease among premature infants reported an initial presen-
tation of coryza in 90% of HPeV-1 infections, which was often accompanied by cough
or dyspnea. Forty percent of the patients had evidence of pneumonia upon X ray, and
in 11% of patients, a morbilliform rash was seen. HPeV-infected patients could not be
distinguished from HPeV-negative patients based on clinical symptoms, and the pre-
sentation was similar to that of respiratory syncytial virus in the same nursery (6).
Respiratory tract symptoms have also been described for patients with HPeV-positive
stool samples. Wheeze, cough, or coryza was reported for 30% to 58% of patients, and
otitis media was reported for 30% of the patients (31, 93).

Results from studies on the relationship between HPeV detection in the respiratory
tract and clinical disease are not uniform. High rates of coinfections (around two-thirds
of infections) complicate this analysis (92, 94). A longitudinal study of HPeV-1 serocon-
version in young children by Tauriainen et al. (95) showed a significant association of
HPeV infections with otitis media, with an odds ratio of 6.14. A weaker association
between HPeV infections and cough was found. Only 17% of the children in that study
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did not show any symptoms during HPeV infection. Kolehmainen et al. (96) reported
contrasting results and found no relationship between HPeV-3 and HPeV-4 detection
and clinical symptoms of respiratory tract infection and only a weak connection with
acute otitis media.

Severe Infections

The majority of severe HPeV infections are caused by HPeV-3 and present in infants
�3 months of age as asepsis, sepsis-like illness, or CNS infection (13, 30, 68, 97).
Although most mild HPeV infections present with nonspecific symptoms, severe infec-
tions have some characteristic clinical features that may provide clues as to the
etiology. In particular, when HPeV is known to be circulating in the community,
presentations of “hot, red, angry babies” with features of sepsis should make clinicians
consider HPeV infection (Fig. 4) (5, 62, 98, 99). During an HPeV-3 outbreak in Australia,
the recognition of this triad of fever, rash, and severe irritability allowed the rapid and
accurate identification of infected infants (5).

Looking at studies of more than 20 patients with severe HPeV infection, fever was
reported in 86% to up to 100% of infants (5, 13, 62, 73, 81, 98, 100). Most of those
studies described irritability as the second most prevalent symptom, with proportions
varying from 30% to 98%. Rashes appeared in 14 to 72% of patients and varied from
a maculopapular or erythematous rash to a specific palmoplantar rash depending on
the study and outbreak. In Japan in 2011, an outbreak of HPeV-3 caused a palmoplantar
rash in 12 out of 15 patients, which was suggested to be related to a specific HPeV-3
strain (101). A much lower prevalence of rash (20%) was reported when another HPeV-3
lineage caused an outbreak of severe illness in Japanese infants in 2014 (73).

Poor suckling, tachycardia, and mottled skin are other common clinical character-
istics, reported for 19 to 93%, 51 to 98%, and 18 to 76% of patients, respectively.
Diarrhea, symptoms of upper respiratory tract infection, and abdominal distention
(sometimes with an umbilical protrusion) have been described for up to 60, 39, and
75% of patients, respectively (5, 13, 62, 73, 81, 98, 100). Apnea has been described for
2 to 50% of patients, with the highest ratio being found in a study with a particularly
high number of preterm infants (5, 73, 81, 98).

FIG 4 Examples of clinical features of severe HPeV infection. (Republished from reference 5 with permission of
Oxford University Press.)
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Enterovirus and HPeV infections often have similar clinical features, and distinguish-
ing between the two infections based on clinical presentation alone may be difficult.
Sharp et al. (102) compared clinical characteristics of infants with sepsis due to HPeV
and those of infants with sepsis due to enterovirus and found a longer duration of fever
and a higher maximum temperature in infants with HPeV infections. The mean duration
of hospital admission for severe HPeV infections is mostly reported to be around 4 days,
with an intensive care unit (ICU) admission rate of 9 to 50% (5, 10, 13, 62, 73, 81, 98, 100,
102, 103). Infants who were admitted to the ICU were significantly younger than those
who were not (5).

Central Nervous System

HPeV-3 is the dominant genotype causing CNS infections, but other HPeV geno-
types (e.g., HPeV-1, -5, and -6) are found occasionally (59, 79, 104, 105). Recent
multicenter prospective research from Australia and the United States found that
enteroviruses were the most common infectious causes of encephalitis in children,
responsible for about 27% and 50% of infections, respectively (106, 107). Using a
multiplex meningitis/encephalitis PCR panel for the rapid detection of 14 pathogens
(viruses, bacteria, and yeast) in CSF samples, Leber et al. (107) found that HPeV was the
second most common cause of infection in children �2 months of age in the United
States (12/56 positive samples), followed by human herpesvirus 6, cytomegalovirus,
and Streptococcus pneumoniae. Britton et al. (106) studied children �14 years of age in
Australia and reported an infectious etiology in 59% of encephalitis cases. HPeV was the
second most common infectious cause in this study, followed by herpes simplex virus,
influenza virus, and Mycoplasma pneumoniae (106). The median age for children with
CNS infection in various studies ranged between 9 days and 2.4 months (11, 79, 108,
109).

Seizures are a common presentation of HPeV infections of the CNS, with one study
describing seizures in 90% of HPeV-infected infants with CNS involvement (79). In
another study that compared HPeV-positive with HPeV-negative patients with sus-
pected CNS infections, an association of HPeV with seizures and rash was reported
(104).

More recent attention has been focused on the development of white matter
damage in young infants (11, 110–112). HPeV white matter lesions are indistinguishable
from those reported for enterovirus infections and hypoxic-ischemic encephalopathy
and vary from diffuse signal intensity changes and punctate white matter lesions to
cysts within the white matter (79, 110–112). In a study of 19 young infants with severe
HPeV infections, intracranial hemorrhage was detected by ultrasound in three preterm
neonates (81). The exact proportion of white matter damage in infants with HPeV CNS
infections is unknown and may be underestimated, as in the absence of severe clinical
findings, magnetic resonance imaging (MRI) is not always performed (79).

A nationwide study from Australia on HPeV encephalitis reported an ICU admission
rate of 89% and invasive mechanical ventilation in 56% of the patients and showed that
infants with HPeV encephalitis have a high risk of long-term complications related to
the extent of white matter abnormalities. At discharge, three out of nine patients were
described to have neurodevelopmental sequelae, but after 12 months of follow-up, this
increased to five out of eight patients, two of whom were diagnosed with cerebral palsy
and one of whom had central visual impairment (11).

Apart from meningoencephalitis, HPeV has also been reported to cause acute flaccid
paralysis (85). The first cases were reported in Jamaica in 1986, when two out of six
patients in an outbreak of acute flaccid paralysis tested positive for echovirus 22
(HPeV-1) (113). Only a small number of single cases have since been reported, in which
types 1, 3, 6, and 12 were detected in children 1 year of age or younger (76, 85, 114,
115). HPeV also seems to be related to the development of acute disseminated
encephalomyelitis (ADEM), which has been described in at least two separate cases (96,
116).
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Miscellaneous

HPeV has been detected in patients with a large variety of other clinical presenta-
tions such as acute liver failure (HPeV-3) (117), hepatitis (HPeV-3) (5), hemolytic-uremic
syndrome (HPeV-1) (118), myocarditis (HPeV-1 and -3) (119, 120), myalgia and myositis
(HPeV-3) (72), herpangina (HPeV-6), hand-foot-and-mouth disease (HPeV-1 and -3) (88),
apnea (HPeV-3) (121), sudden infant death syndrome (SIDS) (HPeV-1, -3, and -6) (122),
hemophagocytic lymphohistiocytosis (HPeV-3) (123), extreme hyperferritinemia with a
transient impairment of natural killer cell cytotoxicity (HPeV-3) (124), and Reye’s syn-
drome (HPeV-6) (115).

LABORATORY DIAGNOSTICS
CSF and Blood Parameters

A lack of CSF pleocytosis and normal protein and glucose levels in CSF are common
in patients with HPeV CNS infections (100, 125). A study describing young infants with
cerebral HPeV infection and white matter changes upon MRI found an absence of cell
reaction and normal glucose and protein levels in the CSF in eight out of nine patients
(99). Similar results were recently described by another study: pleocytosis was absent,
and the protein level was normal in all patients with HPeV encephalitis, including seven
neonates with signs of diffusion restriction upon MRI (11). This phenomenon of
uninflamed CSF was recognized previously in enteroviral CNS infections (110). In a
study by Sharp et al. (102), CSF pleocytosis was less common in HPeV infections (2%)
than in enterovirus infections (41%), and the average CSF white blood cell (WBC) counts
and protein levels were also significantly lower in HPeV infections. The CSF glucose
level was lower in enterovirus-infected patients than in HPeV-infected patients. Neop-
terin has also been suggested to be a potentially useful marker of CNS inflammation in
HPeV infections (126). Elevated levels of neopterin have been described in two studies
of three neonates with HPeV encephalitis and no pleocytosis, but further research
should assess the possible role of neopterin in clinical decision-making (11, 126).

Infection parameters in blood are often within a normal range. Leukopenia was
found in only 35% and an elevated C-reactive protein (CRP) level was found in 45% of
hospitalized patients with severe HPeV infections. At admission, these rates were even
lower, 15% and 20%, respectively (81). More severe leukopenia was associated with a
more severe course of disease, and the mean white blood cell count was significantly
lower in HPeV-infected than in enterovirus-infected patients.

Thrombocytopenia has been described for a minority of patients with severe HPeV
infections, and reports of elevated aspartate aminotransferase (ASAT) and lactate
dehydrogenase (LDH) levels vary from a low proportion to 100% of patients (81, 98, 99,
127). A deranged coagulation profile was found in 17 out of 31 patients presenting with
HPeV sepsis (5).

Cell Culture

Traditionally, viral culture has been used for the diagnosis of HPeV infections,
followed by virus neutralization testing for typing (1, 88). However, the commercial
availability of reagents remains limited to HPeV-1 and HPeV-2. In cell culture, HPeV can
produce an enterovirus-like cytopathic effect (128). Nonetheless, cell culture lacks
sensitivity, with HPeV-3 being especially fastidious and other HPeV types having various
growth efficiencies, even in the same cell culture (13, 42, 129, 130).

Molecular Methods

The emergence of HPeV-3 as a cause of severe pediatric disease has promoted the
development and application of HPeV-specific RT-PCR diagnostic assays. Assays target-
ing the enterovirus 5= UTR will not identify HPeV infection because of sequence
heterogeneity within the 5= UTRs of these two genera (16, 131, 132). HPeV real-time
RT-PCRs are currently the preferred diagnostic tests for HPeV infections, as these assays
are specific and have a sensitivity that is 100- to 1,000-fold higher than that of cell
culture (130, 133). HPeV PCR was implemented in Dutch laboratories in 2004 and
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facilitated an increase in the rate of detection of parechovirus infections by a factor of
8 (65), while the addition of HPeV-specific PCR to the analysis of CSF samples in children
�5 years of age with neonatal sepsis or central nervous system symptoms led to a 31%
increase in rates of detection of viral causes (13). Diagnostic RT-PCRs are not type
specific, and the identification of individual genotypes requires genetic sequencing of
the VP1 regions (134). In October 2015, the first multiplex meningitis/encephalitis-
specific PCR panel for the identification of 14 different pathogens (including HPeV) from
one CSF sample was approved by the U.S. Food and Drug Administration (FDA) (https://
www.fda.gov/NewsEvents/Newsroom/PressAnnouncements/ucm466360.htm). In a multi-
center prospective study of CSF specimens of pediatric and adult patients, the Film-
Array panel was shown to be sensitive and specific for HPeV and most other pathogens
(107). Enterovirus-specific PCRs such as Cepheid Xpert EV are commonly used in the
United States but cannot detect HPeV (135).

HPeVs can be detected in stool samples, respiratory secretions, blood, and CSF
samples (124). In patients with HPeV-3 sepsis-like illness, the virus can be detected in
serum from the day of symptom onset. Serum viral loads were highest upon admission
to the hospital and decreased rapidly in the following days (73). The rate of detection
of HPeV has been shown to be highest with stool samples. In a comparison of HPeV
detection rates in different pediatric specimens from symptomatic children �16 years
of age, sensitivities of RT-PCR of 95% for stool samples, 84% for CSF, 79% for blood, 64%
for nasopharyngeal specimens, and 57% for urine were shown (130). Even in patients
with meningitis, the sensitivities of PCR for the detection of HPeV are comparable
between stool and CSF samples (130).

In patients with potential sepsis-like illness or CNS infection due to HPeV, PCR
testing of both serum and CSF samples may be useful. A recent study from Scotland
compared the viral loads in CSF and plasma in children being evaluated for CNS
infection, and in children with confirmed HPeV infection, there was a 1,000- to 10,000-
fold-higher viral load in serum than in CSF (125).

Although HPeV PCR has become part of the standard workup for viral encephalitis
in the United Kingdom, testing for the virus is not yet routine in many countries (136).
In Australia and New Zealand, it is not in the consensus guidelines for encephalitis,
and in the United States, only a few laboratories have the capacity to even test for HPeV
(137, 138). However, HPeV assays are now becoming commercially available, along with
quality assurance panels for assay validation (Quality Control for Molecular Diagnostics).
PCR is essential for the diagnosis of HPeV infections and may reduce the use of
antibiotics and shorten the duration of ICU stays by providing an early diagnosis (5).

THERAPY

The current management of severe HPeV infections involves early recognition and
supportive care. To date, no antiviral drug has been shown to be effective against HPeV,
and no vaccines are currently available to protect against infection.

Intravenous immunoglobulins (IVIGs) have been used for the treatment of severe
disease due to HPeV. An infant with severe, dilated cardiomyopathy caused by HPeV-1
showed full recovery after treatment with IVIG (139). This infant had no detectable
HPeV-specific antibodies prior to treatment, and the high titer of specific anti-HPeV-1
antibody after treatment suggests that IVIG may have had a role in the child’s recovery.

However, IVIG may not be effective against all HPeV genotypes. Westerhuis et al. (43)
showed that IVIG and specific antibodies efficiently neutralized HPeV-1 in vitro, while
most HPeV-3 strains could not be neutralized. In addition, considerable variability in
the levels of HPeV-neutralizing antibodies present in different IVIG preparations may
explain this finding. A study from The Netherlands found very low neutralizing antibody
titers in IVIG preparations and in the serum of HPeV-3-infected donors, but a study from
Japan reported high HPeV-3-neutralizing antibody titers in six different IVIG preparations
(43, 77). This is probably related to the much higher HPeV-3 seroprevalence in Japanese
adults (140). Further clinical trials would be needed before IVIG could be recommended for
the routine treatment of HPeV infections.
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Little research has been performed on specific therapy for HPeV infections. Pleco-
naril and itraconazole, both of which possess in vitro activity against certain picorna-
viruses, do not seem to inhibit HPeV replication (141, 142). Pleconaril acts on picorna-
viruses by binding to a hydrophobic pocket within the VP1 protein, and its lack of an
effect on HPeV might be related to the blockage of this pocket in HPeV (23). HPeV-1
also seems to be partly resistant to brefeldin A, which inhibits viral protein transpor-
tation (143). A greater knowledge of HPeV virology and the functions of specific
proteins in the viral replication cycle might be useful in providing novel targets for
antiviral therapy (144).

CONCLUSION

HPeV infections are increasingly being recognized as an important cause of sepsis-
like disease and CNS infections in infants �3 months of age. Severe disease with a
presentation of a “hot, red, angry baby” is commonly associated with HPeV-3 infection.
CSF and blood infection parameters are often within normal ranges, which may not
reflect the severity of the illness. Patients with CNS involvement frequently present with
seizures, and the risk of long-term sequelae in infants with CNS involvement has only
recently been recognized. Molecular diagnostic methods are essential for early diag-
nosis and should be implemented in the standard workup for sepsis and meningitis in
neonates and young infants. Until now, no effective treatment for HPeV infections has
been identified. Further research is needed to establish the value of IVIG as a treatment
for severe HPeV infections. A greater understanding of HPeV virology and the functions
of specific proteins in the viral replication cycle is urgently needed as a pathway to
providing novel targets for antiviral therapy (144).

SEARCH STRATEGY AND SELECTION CRITERIA

References for this review were identified through searches of PubMed by use of
the term “parechovirus,” “HPeV,” “echovirus 22,” or “echovirus 23.” Relevant articles
resulting from these searches and relevant references cited in those articles were
reviewed. Articles published in English, French, German, and Dutch were included.
The most recent search was conducted on 23 February 2017, and no other date
limits were used.
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