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Abstract
This multicenter prospective cohort study describes the impact of human parechovirus meningitis on gross-motor
neurodevelopment of young children. Gross-motor function was measured using Alberta Infant Motor Scale. Of a total of 38
eligible children < 10 months of age at onset, nine cases had clinical evidence of meningitis and polymerase chain reaction
positive for human parechovirus in cerebrospinal fluid; 11 had no meningitis and polymerase chain reaction positive for human
parechovirus in nasopharyngeal aspirate, blood, urine, or feces; and in 18, no pathogen was identified (reference group).

The children with human parechovirusmeningitis showedmore frequent albeit not statistically significant suspect gross-motor
function delay (mean Z-score (standard deviation) − 1.69 (1.05)) than children with human parechovirus infection-elsewhere (−
1.38 (1.51)). The reference group did not fall in the range of suspect gross-motor function delay (− 0.96 (1.07)). Adjustment for
age at onset and maternal education did not alter the results.

Conclusion: Six months after infection, children with human parechovirus meningitis showed more frequent albeit not
statistically significant suspect gross-motor function delay compared to the population norm and other two groups.
Longitudinal studies in larger samples and longer follow-up periods are needed to confirm the impact and persistence of human
parechovirus meningitis on neurodevelopment in young children.

What is Known:
• Human parechovirus is progressively becoming a major viral cause of meningitis in children.
• There is keen interest in the development of affected infants with human parechovirus meningitis.

What is New:
• This study describes prospectively gross-motor functional delay in children with both clinical evidence of meningitis and polymerase chain reaction
positive for human parechovirus in cerebrospinal fluid.

• It shows the importance of screening young children for developmental delay in order to refer those with delay for early intervention to maximize their
developmental potential.
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Abbreviations
AIMS Alberta Infant Motor Scale
CI Confidence interval
CNS Central nervous system
CP Cerebral palsy
CSF Cerebrospinal fluid
EV Enterovirus
GMF Gross-motor function
HPeV Human parechovirus
n Number
NPA Nasopharyngeal aspirate
RT-qPCR Reverse transcriptase real-time quantitative

polymerase chain reaction
SD Standard deviation of the mean
T0 Presenting at emergency or outpatient

departments of the participating hospitals
T6 Follow-up 6 months after visiting the

emergency or outpatient departments
of the participating hospitals

Introduction

Human parechovirus (HPeV) is progressively becoming ama-
jor viral cause of meningitis in children [3, 7, 8, 17].
Especially HPeV-genotype 3 (HPeV-3) is an important cause
of central nervous system (CNS) infection in young children
[3, 7, 13], HPeV-3 strains showed faster replication in neural
cells and HPeV-3 receptor seems to facilitate entry of virus
into neonatal CNS cells [30] and may cause both temporary
and persistent white matter damage in the CNS [2, 4, 14, 21,
28], leading to functional disorders as cerebral palsy (CP),
developmental delay, tonus-regulation disorder, gross-motor
function (GMF) delay, and retardation [5, 6, 19, 24, 28, 29].

There is a paucity of cohort studies that have prospectively
evaluated short- and long-term motor and neurocognitive devel-
opment of children with clinical evidence of meningitis and re-
verse transcriptase quantitative real-time polymerase chain reac-
tion (RT-qPCR) positive for HPeV in cerebrospinal fluid (CSF)
[6, 19, 20, 24, 28, 29]. So far, the follow-up studies that reported
at least three childrenwith HPeV-meningitis had focused primar-
ily on neurological symptoms [5, 6, 8, 28, 29], neuropsycholog-
ical deficits using standardized neurodevelopmental scales [28],
or standardized parental self-report-questionnaires [5, 6]. To our
knowledge, none of these studies has yet performed a systematic
GMF-assessment [5, 28, 29]. This is important since GMF-delay
can be a good predictor of generalized developmental delay in
young children. It is crucial to detect early signs of GMF-delay in
order to refer children with delay for early intervention to max-
imize their development [12, 20].

The objective of this study was to prospectively investigate
the GMF in a cohort of young Dutch children, 6 months after
presenting with clinical evidence of meningitis and RT-qPCR

positive for HPeV in CSF (HPeV-meningitis) and to compare
this with children from the same cohort with no clinical evi-
dence of meningitis and RT-qPCR positive for HPeV in naso-
pharyngeal aspirate (NPA), blood, urine, or feces (HPeV-infec-
tion-elsewhere) and those in whom no pathogens were identi-
fied (reference group).

Methods

Summary of initial study

This study is part of a multicenter prospective cohort study
conducted between March 2008 and September 2011 to in-
vestigate the incidence, clinical features, diagnostic methods,
and prognosis of HPeV- and enterovirus (EV)-infections in
Dutch children. The study methods have been extensively
described previously [9, 10]. The study inclusion is shown
in the flowchart of Fig. 1. Children 0–16 years with clinical
suspicion of viral infection were eligible. Parents and/or legal
guardians of eligible children received verbal and written in-
formation about the study and were invited to participate.
Only those whose parents/legal guardians gave written in-
formed consent were included. After inclusion, the experi-
enced consultant pediatrician on call at the hospital of presen-
tation helped the patient and the parents complete a question-
naire on the birth and medical history, did physical examina-
tion and collected NPA, blood, urine, and feces specimens for
HPeVand EV RT-qPCR, feces, and NPA specimens for viral
culture [9]. If the experienced pediatrician clinically suspected
the child to have meningitis or meningoencephalitis, a lumbar
puncture was performed according to routine clinical practice
and CSF specimen collected for chemistry, RT-qPCR for
HPeV, EV, and other common neurotropic viruses, including
herpes simplex viruses 1 and 2, varicella zoster virus and
adenovirus, viral culture, and bacterial and fungal culture.
Children with any viral pathogen than HPeV or any other
bacterial or fungal pathogen and those with non-infectious
explanation for their clinical picture, age at presentation >
16 years, or non-consenting parents were excluded. Preterm-
born children were also excluded because it is an important
risk factor for GMF-delay, even in those without peri- and
postnatal infection. The inclusion and exclusion criteria of
the initial study are summarized in Table 1.

Assignment of study-children into subgroups

Based on medical history, presenting symptoms and finding
on physical examination by the experienced pediatrician that
saw the children at inclusion and the microbiology test results,
the participating children were assigned into three study-sub-
groups. The assignment took place after inclusion, 6 months
prior to the present study to test the GMF of the younger
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children aged < 10 months at the initial study inclusion. The
method of assignment during the initial study has been pub-
lished elsewhere [9]. Children in whom their pediatrician
found clinical evidence of meningitis [26] at presentation or
thereafter during clinical observation and RT-qPCR positive
for HPeV in CSF were assigned to the BHPeV-meningitis
group^; those whose pediatrician found other clinical symp-
toms but no clinical evidence of meningitis at presentation or
thereafter and RT-qPCR negative for HPeV in CSF, but RT-
qPCR positive for HPeV in any of the other tested specimens
(NPA, blood, urine, or feces) were included in the BHPeV-
infection-elsewhere group^ and those in whom their

pediatrician found other clinical symptoms but no clinical ev-
idence of meningitis at presentation or thereafter and RT-
qPCR negative for HPeV, EV, and any of the other neurotropic
viruses tested in CSF, feces, NPA, blood or urine specimens,
and negative viral, bacterial, and fungal cultures were includ-
ed in the Breference group.^

The medical ethics committee of each participating center
approved both study phases (NL-21361.008.07).

In the present follow-up substudy, we only invited
eligible children aged < 10 months at the initial inclu-
sion to participate. We sent an invitation letter to par-
ticipate in this follow-up. In case of no response, we

Total patients for inclusion 

0-16 years n = 355

Exclusion 

Parents refusal n = 16 

Forgot to ask n = 13 

Included n = 326

Clinical evidence of 

meningitis
No clinical evidence of 

meningitis

HPeV-meningitis  

n = 11

T0

Children with age at onset < 

10 months 

n = 67 

HPeV-infection-

elsewhere 

n = 19 

Reference 

n = 37

lost to follow-up  

n = 2

HPeV-meningitis  

n = 9

HPeV-infection-

elsewhere 

n = 11 

Reference 

n = 18

no show n=8 

lost to follow-up 

n=11 

no show n= 3 

lost to follow-up 

n = 5 

No pathogen 

identified

RT-qPCR 

positive for 

HPeV or EV in 

NPA, blood, 

urine or feces

RT-qPCR 

positive for 

HPeV or EV in 

CSF

RT-qPCR 

negative for 

HPeV or EV in 

CSF

Exclusion 

n = 146 

EV, HPeV+EV premature 

born, bacterial urine tract 

infection, another viral 

pathogen (rotavirus, 

norovirus, adenovirus, 

rhinovirus, coronavirus), 

genetic disorder 

Exclusion of children with 

age at onset ≥ 10 months 

n = 113 

T6 

Present study 

Fig. 1 Flowchart inclusion of the
children and follow-up 6 months
after visiting the emergency or
outpatient departments of the
participating hospitals
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followed this up with telephone invitations on at least
two occasions. If after the afore-mentioned attempts a
parent could still not be reached, we attempted to find
out their forwarding addresses or telephone numbers via
the practice of their GP in our hospital database. Prior
to the visit, parents/legal guardians were instructed not
to reveal the study-subgroup to which their child was
assigned during the initial study to the blinded indepen-
dent pediatric physical therapist that tested their GMF.

During the follow-up, the GMF was tested in the pediatric
outpatient departments of the participating hospitals by the
same pediatric physical therapist. Before starting GMF-as-
sessment, each child was scored accordingly as alert, cooper-
ative, actively moving, showing little activity, struggling, and/
or crying. By lack of cooperation from the child, the GMF-
assessment was rescheduled on another day. Each child’s
body mass, length, and head circumference were recorded.
Parents/legal guardians were asked to complete a question-
naire on their child’s general health, use of medication, pres-
ence of recent traumatic head injury, and early intervention
(particularly pre-speech- and GMF-training). According to
Statistics Netherlands-criteria, maternal education was classi-
fied as low (primary school or lower vocational education),
middle (middle vocational education), and high (higher voca-
tional education or university degree).

GMF

We assessed the GMF with a norm-referenced observational
and performance-based instrument: the Alberta Infant Motor
Scale (AIMS) [22]. The AIMS [22], originally developed to
assess GMF in Canadian children, from birth to independent
walking, has been shown to be discriminative and valid for
cross-cultural use [11]. It is suitable for detecting minor GMF-
delay in children aged 4–15 months [11].

A higher raw score indicates a more mature GMF. The
GMF raw scores were converted to age-adjusted standard de-
viation (SD) scores (Z-score) for each age-month [22]. A Z-
score of ≤ − 1.30 (equivalent to the 10th percentile of the pop-
ulation norm (AIMS)) is considered suspect GMF-delay [11],
while one Z-score difference is used to indicate a clinically
relevant difference in GMF between groups.

Statistical analysis

The statistical analyses were performed with R-statistics (R-ver-
sion 3.4.0, R Foundation for Statistical computing, Vienna,
Austria). The analysis of categorical variables was performed
with the Fisher exact test and continuous variables, including
the Z-scores of the GMF-tests, with the one-way analysis of var-
iancewith post hocBonferroni correction and theKruskalWallis
test with post hocMann-WhitneyU test in case of non-normally
distributed data. Linear regression was used to adjust for age at
onset,maternaleducationandearly intervention.Apvaluebelow
0.05 was considered to indicate statistical significance for all
comparisons.

Results

Of the 213 children < 10 months at initial inclusion, 67 were
eligible for participation in the follow-up study 6 months later
and only 38 were included (Fig. 1). Eighteen were lost to
follow-up because they had moved elsewhere without any
contact address or telephone number. Eleven failed to appear
after repeated invitations; 146 were excluded for different rea-
sons shown in Fig. 1.

Study-population characteristics

Table 2 shows the baseline characteristics. Nine children (24%)
had been assigned into the HPeV-meningitis group, 11 (29%)
into the HPeV-infection-elsewhere group, and 18 (47%) into
the reference group. There were no differences in baseline char-
acteristics of the groups, except the age at onset. Children in the
BHPeV-meningitis group^ were younger than those in the other
groups (p = 0.01) (Table 2). Of the 9 children in the HPeV-
meningitis group, 8 (89%) were infected by HPeV-3. In 1
(11%), the HPeV-genotype was non-typeable. In the HPeV-

Table 1 Inclusion and exclusion criteria of the total study

Inclusion criteria

Children 0–16 year of age with at least one of the following clinical
signs and symptoms:

1.Fever (temperature ≥ 38.0 °C or ≥ 100.4 °F)

or

2.Clinical evidence of meningitis including headache, photophobia,
nuchal rigidity, irritability, lethargy, nausea, vomiting, drowsiness,
positive sign of kernig or brudzinskia

or

3.Other clinical signs and symptoms of infection: hypothermia,
vomiting, diarrhea, anorexia, cough, myalgia, rash, hypovolemia or
shockb

and

4.Signed informed consent by the parent(s)/legal guardian(s)

Exclusion criteria

1.Other proven infectious cause of the clinical symptoms

2.Other non-infectious cause of clinical symptoms: e.g., neoplasm,
auto-immune diseases, rheumatic diseases, endocrinological diseases,
gastro oesophageal reflux

3.Known severe psychomotor retardation, metabolic diseases with
neuromuscular and/or cognitive abnormalities

4.Intra-uterine and perinatal problems or traumatic head injury

5.Preterm-born (gestational age < 37 weeks)

6.Children > 16 years of age

a At least 2 of these signs or symptoms must be present
b At least 3 of these signs or symptoms must be present
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infection-elsewhere group, 6 children (55%) were infected by
HPeV-3, 3 (27%) by HPeV-1 and in the remaining 2 (18%), the
HPeV-genotype was non-typeable. Of the most frequent pre-
senting clinical symptoms, only irritability was significantly
higher in the HPeV-meningitis group. (Table 2).

Results of GMF-assessment, 6 months
after presentation

At the follow-up 6 months after presenting at emergency or
outpatient departments, parents complete a questionnaire. The

Table 2 Baseline characteristics
of the included children attending
follow-up visit

HPeV-meningitis
n = 9

HPeV-infection-elsewhere
n = 11

Reference
n = 18

HPeV-1 0 (0) 3 (27)
HPeV-3 8 (89) 6 (55)
HPeV non-typeable 1 (11) 2 (18)
Male 8 (89) 6 (55) 9 (50)
Age at onset (days)
Mean (SD)* 31.0 (17.2) 123.0 (73.4) 97.2 (90.5)
Min/max 13/68 16/275 14/251
Hospital stay (days)
Mean (SD) 3.6 (0.7) 2.9 (1.6) 2.9 (2.2)
Min/max 3.0/5.0 0.0/4.0 0.0/8.0
Maternal education
Low1 1 (11) 1 (9) 3 (17)
Middle2 5 (56) 5 (46) 3 (17)
High3 3 (33) 5 (45) 12 (66)
Clinical features
Fever 9 (100) 10 (90.9) 16 (88.9)
Irritability* 7 (77.8) 6 (54.5) 5 (27.8)
Lethargy 2 (22.2) 4 (36.4) 4 (22.2)
Seizures 0 (0.0) 0 (0.0) 0 (0.0)
Dyspnea 1 (11.1) 2 (18.2) 1 (5.6)
Rash 3 (33.3) 6 (54.5) 5 (27.8)
Vomiting 1 (11.1) 4 (36.4) 6 (33.3)
Diarrhea 1 (11.1) 5 (45.5) 9 (50.0)
Poor feeding 5 (55.6) 6 (54.5) 8 (44.4)
CSF findings
WBC (mm−3) mean (SD) 5.7 (10.8)
Min/max 1/30
Protein (g/L) mean (SD) 0.45 (0.11)
Min/max 0.29/0.61
Glucose (mmol/L) mean
(SD)

2.98 (0.42)

Min/max 2.60/3.60
Pleocytosis 0 (100.0)

*p < 0.05

Numbers indicate absolute frequencies and relative frequencies between brackets unless otherwise indicated

Abbreviations: SD, standard deviation;CSF, cerebrospinal fluid;HPeV, human parechovirus;min/max, minimum
to maximum; n, number of children attending follow-up visit

Education level of the parents: 1 primary school and lower vocational education; 2middle vocational education;
3 higher vocational education or university degree, according to the classification of the Dutch Central Bureau of
Statistics

Definitions:

Pleocytosis: the presence of elevated leukocyte count for age in the CSF. The age-specific reference values used
were CSF white blood cell (WBC) count > 22/μL for infants ≤ 4 weeks of age, > 15/μL for infants 4–6 weeks of
age, and > 7/μL for children > 6 weeks of age

HPeV-meningitis: children with clinical evidence of meningitis and RT-qPCR positive for HPeV in CSF

HPeV-infection-elsewhere: children with no clinical evidence ofmeningitis and RT-qPCRHPeV-positive in NPA,
blood, urine, or feces

Reference: children with no clinical evidence of meningitis and in whom no pathogen was identified
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groups did not differ in anthropometrical parameters, general
health condition, medication use, and presence of a recent trau-
matic head injury at the time of GMF-assessment. Seven chil-
dren had positional nonsynostotical plagiocephaly, 1 in the
HPeV-meningitis- and 2 in the HPeV-infection-elsewhere- and
4 in the reference group. They all had a history of preferential
supine position with asymmetric position of the head in bed.

Norm-referenced GMF of the study-children

Table 3 summarizes the norm-referenced GMF scores of the
included children. Six of the 9 children (67%) in the HPeV-
meningitis group had suspect GMF-delay (Z-score ≤ − 1.30),
compared with 45% in the HPeV-infection-elsewhere and
44% in the reference groups.

Both HPeV-infection groups had a mean GMF Z-score in
the range of a suspect GMF-delay. Children with HPeV-
meningitis had notably, albeit not statistically significant lower
mean GMF Z-scores (− 1.69 versus − 1.38 and 0.96 for the
HPeV-infection-elsewhere and reference groups, respectively).

Association between HPeV-infection and GMF

Table 4 shows that, generally, children in the HPeV-meningitis
group had lower GMF scores compared to the children in the
HPeV-infection-elsewhere group and in the reference group)
(regression coefficient beta (β) (95% confidence interval (CI)
− 0.74 (− 1.74 to 0.26). Adjustment for age at onset and mater-
nal education did not alter the results for the HPeV-meningitis
group (β (95% CI) respectively: − 0.72 (− 1.81 to 0.36); − 0.84
(− 1.89 to 0.21)). Early intervention had no influence on the
association HPeV-meningitis and GMF (β (95% CI) − 0.74
(− 1.71 to 0.23)).

Discussion

In this study, we investigated the GMF outcome of young
Dutch children in the HPeV-meningitis group and compared
this with those of children in the HPeV-infection-elsewhere
group and those in the reference group, 6 months after presen-
tation. A higher percentage of the children in the HPeV-
meningitis group showed more frequent albeit not statistically
significant suspect GMF-delay (Z-score of ≤ − 1.30, equivalent
to the 10th percentile of the population norm (AIMS-test)) than
the children in the other two groups. Adjustment for age at
onset, maternal education, and early intervention did not alter
the results. As with previous studies, all the children in the
HPeV-meningitis group were ≤ 3 months of age at inclusion
and HPeV-3 was the most often isolated genotype [3, 7, 8].

Our study results are noteworthy in the context of and given
support by a number of broader emerging literature in this area
that reported variable neurodevelopmental outcomes, ranging
from normal to CP in young children with HPeV-3-meningitis
[5, 6, 19, 24, 28, 29]. One of the hypotheses is that abnormal-
ities in white matter seen during HPeV-infection may lead to
minor and major motor functional delay [5, 28, 29]. In this
study, children in the HPeV-meningitis group with suspect
GMF-delay showed problems mainly in the domain of postural
control, a possible early sign for CP or developmental coordi-
nation disorder (DCD) [25, 27]. These are not enough follow-
up data available to predict if some of these children may end
up with CP or DCD at a later age. Barnett et al. have suggested
the need for a long follow-up period of at least 5 years in
children, in order to detect any late neurodevelopmental abnor-
malities [1]. The development of the human brain is a dynamic
process and the nervous system changes continuously even
after the first years of life [16, 18, 23]. The GMF might be
variable over the course of the first years of life [16, 20]. This

Table 3 Norm-referenced gross-
motor functioning of the study-
children 6 months after visiting
the emergency or pediatric outpa-
tient departments

HPeV-meningitis n = 9 HPeV-infection-elsewhere n = 11 Reference n = 18

Children with GMF-delay 6/9 (67) 5/11 (45) 8/18 (44)

Mean GMF Z-score (SD)a − 1.69 (1.05) − 1.38 (1.51) − 0.96 (1.07)
Min/max − 3.14/− 0.24 − 4.56/0.25 − 3.50/0.46

Total sample: children with age at onset 13 to 275 days

Number of children with GMF-delay/total number of children tested

Numbers indicate absolute frequencies, relative frequencies between brackets unless otherwise indicated
a Norm-referenced GMF Z-scores. Z-scores of ≤ − 1.30 (equivalent to the 10th percentile of the population norm,
measured with the Alberta Infant Motor Scale) are generally accepted to indicate a suspect GMF-delay

Abbreviations: SD, standard deviation; GMF, gross-motor function; HPeV, human parechovirus; min/max, min-
imum to maximum; n, number of children attending follow-up visit

Definitions:

HPeV-meningitis: children with clinical evidence of meningitis and RT-qPCR positive for HPeV in CSF

HPeV-infection-elsewhere: children with no clinical evidence ofmeningitis and RT-qPCRHPeV-positive in NPA,
blood, urine, or feces

Reference: children with no clinical evidence of meningitis and in whom no pathogen was identified

478 Eur J Pediatr (2019) 178:473–481



means that GMF-delay, detected shortly after HPeV-meningitis,
may become reversible with time. Seven children, distributed
between the three study groups, presented with positional
nonsynostotical plagiocephaly during the follow-up study.
These were not caused by HPeV-infection but resulted from
preferential supine positioning with asymmetrical position of
the head in bed. The target of the early intervention was instruc-
tion on daily head positioning.

It is difficult to compare our results with the results of some
previous findings with regard to severity [5, 28, 29]. This is
mainly due to differences in gestational ages of participating
children in the different studies. Follow-up studies that reported
at least three children with HPeV-meningitis, such as those by
Britton et al. (n = 13), Verboon et al. (n = 10) and Vergnano
et al. (n = 19) all included a mixture of pre- and full-term-born
children (born between 25 and 40 weeks) [5, 28, 29]. It is
known that preterm-born children are more likely to develop
GMF-delay during the first 18 months of life, even in the ab-
sence of a HPeV-meningitis [15]. Therefore, we excluded
preterm-born children to limit its potential bias in our results.
We recruited study-children from three general hospitals. They
were generally mildly to moderately ill. None of them was
admitted in an intensive care unit during the study. This con-
trasts with the afore-mentioned studies in which a majority of
patients were admitted in a neonatal- or pediatric intensive care
unit [5, 28, 29]. Unlike those studies, the children in our study
are more representative of the general population of young

Dutch children with HPeV-meningitis, presenting at emergency
or outpatient departments.

Maternal education and other environmental factors may
influence the GMF of young children [20]. There was no
baseline difference in maternal education level between the
three groups. This variable did not alter the effects of HPeV-
meningitis on GMF in the multivariate regression analysis.

One of the strengths of this study is the use of two control
groups, pooled from the same source-population of febrile chil-
dren aged < 10months, included in the initial study. Experienced
pediatricians assigned the subjects to their study groups based on
their history, clinical symptoms, and physical examination and
laboratory results in the way it is done in the daily clinical prac-
tice. Neither the blinded assessor of the GMFs nor the statistician
that performed the statistical analyses of this study was involved
in the initial group assignments. This is the first multicenter
prospective study comparing GMF of children with proven
HPeV-meningitis with two control groups of children with
HPeV-infection-elsewhere and a reference group with no patho-
gen isolated, respectively, from the same cohort. Despite the lack
of difference in baseline characteristics, except for age at onset,
the children in the HPeV-infection-elsewhere group also had a
mean GMF Z-score in the range of a suspect GMF-delay. We
cannot completely exclude the possibility of a child in theHPeV-
meningitis group presenting without clinical evidence of menin-
gitis at inclusion and being therefore misclassified and assigned
into the HPeV-infection-elsewhere group. However, the fact that

Table 4 Association between
human parechovirus meningitis
and gross-motor function

Determinant Unstandardized βa (95% CI) p value modelb

Unadjusted model 0.31
HPeV-meningitis − 0.74 (− 1.74 to 0.26)
HPeV-infection-elsewhere − 0.43 (− 1.37 to 0.51)
Model adjusted for age at onset 0.51
HPeV-meningitis − 0.72 (− 1.81 to 0.36)
HPeV-infection-elsewhere − 0.43 (− 1.39 to 0.53)
Age at onset − 0.01 (− 0.01 to 0.01)
Model adjusted for maternal education 0.42
HPeV-meningitis − 0.84 (− 1.89 to 0.21)
HPeV-infection-elsewhere − 0.49 (− 1.45 to 0.47)
Maternal education high − 0.30 (− 1.14 to 0.54)
Model adjusted for early intervention 0.15
HPeV-meningitis − 0.74 (− 1.71 to 0.23)
HPeV-infection-elsewhere − 0.32 (− 1.24 to 0.60)
Early intervention − 0.77 (− 1.67 to 0.11)

a Unstandardized regression coefficient beta (β) indicates the differences in mean Z-score for HPeV-meningitis-
group and HPeV-infection-elsewhere group compared to children in the reference group (reference category)

One Z-score difference is used to indicate a clinically relevant difference in GMF between groups
bModel F-statistic p value

Abbreviations: HPeV, human parechovirus; GMF, gross-motor function; SD, standard deviation; min/max, min-
imum to maximum

Definitions:

HPeV-meningitis: children with clinical evidence of meningitis and RT-qPCR positive for HPeV in CSF

HPeV-infection-elsewhere: children with no clinical evidence ofmeningitis and RT-qPCRHPeV-positive in NPA,
blood, urine, or feces

Reference: children with no clinical evidence of meningitis and in whom no pathogen was identified
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most children were hospitalized and clinically observed for an
average of 3 days would make this unlikely.We did not consider
it ethically acceptable to perform lumbar puncture in all children,
irrespective of signs of clinical evidence of meningitis. We think
it is unlikely that children in the reference group with meningitis
were missed at inclusion, with no signs of clinical evidence of
meningitis and negative RT-qPCR and culture for HPeV in all
their body specimens. The decision not to perform neuro-
imagingwas based on pediatric literature that has shown discrep-
ancies between brain MRI and neurodevelopmental outcome
variables [5, 6, 19, 24, 28, 29]. Most of the reported brain ab-
normalities seen in the acute phase of infection either disap-
peared spontaneously or did not correlate to the GMF.

Among the strengths of this study is the use of a norm-
referencedGMFmeasurement (the AIMS). It is widely accepted
for detecting (suspect) GMF-delays in young children.
Information bias is unlikely because the pediatric physical ther-
apist that conducted the GMF-test was blinded to the assigned
study groups of the children during the initial inclusion. The
inclusion and exclusion criteria were strictly predefined and
study-children were recruited consecutively, thereby reducing
selection bias. A high proportion of children of the reference
group had GMF-delay. These children had severe symptoms
that required a hospital visit. This may have influenced their
GMF-development as well, and therefore induced the lack of
difference in GMF we found between the HPeV-meningitis and
reference groups.We carried out theGMF-testing after 6months
of infection to limit any effect of fever and hospitalization at the
initial presentation on the GMF of the study groups.

This study also has several limitations. Firstly, the number of
children with HPeV-meningitis was low. This limitation is not
specific for our study. Other prospective studies conducted in
Western countries have consistently found low incidences of
HPeV-meningitis in children [3–5, 7, 19, 24, 28]. Secondly, as
with many studies in neonates and young children, it is impos-
sible to adjust for all existing genetic, immunologic, and envi-
ronmental variables that could play a role in pregnancy, birth,
and perinatal development.We excluded those variables known
to affect neurodevelopment, including preterm-birth, congenital
and birth defects, and infections. In the multivariate analysis
model, we adjusted for the influence of age at onset of infection,
maternal education level, and early intervention. Children in the
HPeV-meningitis group were younger than those in the other
two groups. Adjustment for the age at onset did not alter the
association between HPeV-meningitis and GMF (Table 4).
Lastly, we limited our neurodevelopmental testing to the
GMF because it is one of the earliest signs of generalized
neurodevelopmental delay in young children. We did not mea-
sure language, neuropsychological, cognitive, and behavioral
developments. With the plasticity of the young brain, it is pos-
sible that GMF can still vary within the first years of life leading
to late impairment [18, 23]. We therefore recommend a longer
period of longitudinal follow-up in similar cohorts of children

until school-going age, with the additional testing of language,
neuropsychological, cognitive, and behavioral skills. This will
ascertain if a suspect GMF-delay is of a temporary or perma-
nent nature and involvement of other parts of the brain.
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