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Abstract
Introduction Hand-foot-and-mouth disease (HFMD) is a
paediatric infectious disease that is particularly prevalent
in China. Severe HFMDs characterised by neurological
involvement are fatal and survivors who have apparently
fully recovered might still be afflicted later in life with
neurocognitive impairments. Only when a well-designed,
prospective cohort study is in place can we develop
clinical tools for early warning of neurological involvement
and can we obtain epidemiological evidence regarding the
lingering effects of the sequelea.
Methods and analysis A prospective, hospital-based
cohort study is underway in Guangzhou, China. Clinical
data and biosamples from hospitalised children (<14
years of age) with an admission diagnosis of HFMD will
be collected to determine risk factors for subsequent
neurological involvement. Clinical tools for early detection
of severe HFMDs will be developed by integrating
clinical and biological information. Questionnaire surveys
and neurocognitive assessments will be conducted at
discharge and each year in the first 2 years of follow-up
and every 2 years afterwards until study participants turn
16 years of age or show no evidence of neurocognitive
deficits. The association between childhood enterovirus
infection and neurocognitive impairment later in life will be
examined.
Ethics and dissemination A written informed consent
from parents/guardians is a prerequisite for study entry.
The protocol of this study has been approved by the
hospital’s ethics committee. Data usage follows the rules
of the hospital’s data oversight committee. Findings of
this study will be disseminated through publications in
international peer-reviewed journals and will be presented
in academic conferences.
Trial registration number ChiCTR-EOC-17013293; Preresults.

Introduction
Hand-foot-and-mouth disease (HFMD) is a
common paediatric infectious disease characterised by rashes/blisters mainly in hands
and feet and ulcers in oral cavity. Enterovirus A 71 (EV-A71) and coxsackievirus A 16

Strengths and limitations of this study
►► The long-term neurocognitive impairment subse-

quent to severe hand-foot-and-mouth disease has
been examined by very few prospective studies. This
study is a worthy addition with its much larger cohort and more thorough, consecutive assessments
of neurocognitive abilities.
►► This study collects detailed clinical and biological
data to identify patients with increased risk of developing neurological complications.
►► The potential limitations of this study include selection bias during recruitment and follow-up (as a result of loss to follow-up) and the problem of missing
data.

(CV-A16) are the two major causative agents
of the disease, while another serotype CV-A6
has emerged as a predominant pathogen
behind some of the recent outbreaks in Asia
and Europe.1–7 HFMD is particularly prevalent in the west Pacific region, where China
is the country that is affected the most, with
13 million HFMDs having been reported
during the period from 2008 to 2015.8 The
HFMD epidemic distributes unevenly across
China—the highest incidence rate (>30 per
10 000 person-years, equivalent to four times
the national level) occurs in Guangdong Province, partly due to its subtropical climate.9 10
HFMD is mostly a self-limiting illness.
However, nearly 1% of HFMD patients
develop neurological and/or cardiopulmonary complications such as encephalitis,
aseptic meningitis and cardiorespiratory
failure.11 It is crucial yet challenging for clinicians to spot HFMD patients who are at high
risk of central nervous system (CNS) involvement among a large number of mild cases.
Some clinical or laboratory features such
as persistent high fever, lethargy, elevated

Li K, et al. BMJ Open 2019;9:e027224. doi:10.1136/bmjopen-2018-027224

1

BMJ Open: first published as 10.1136/bmjopen-2018-027224 on 24 February 2019. Downloaded from http://bmjopen.bmj.com/ on November 30, 2021 by guest. Protected by copyright.

Open access

neutrophil count, cerebrospinal fluid (CSF) pleocytosis
and EV-A71 infection might be potential warning signs
for CNS involvement.12–14 Based on these factors, several
risk scores and algorithms have been developed for early
warning purpose.15–17 However, all these risk factors were
identified retrospectively in small studies. Thus their
usefulness and accordingly the value of the existing risk
scores/algorithms are questionable.
In China, approximately 90% of the incident HFMDs
occur among children under the age of 5 years.12 The
crucial period for humans’ cognitive development is the
first several years of life; therefore the deleterious neurocognitive impact of CNS complications (eg, encephalitis) subsequent to HFMD is likely to be substantial and
enduring. Few studies, with a limited number of children
(n<150) and short follow-up period (median <3 years),
have observed neurocognitive developmental deficits
following severe EV-A17 infection.18 19 There is thus a
need for more conclusive findings from prospective
studies where the patient cohort is large, the neurocognitive assessment is comprehensive, and the follow-up
period is long.
In this protocol, we describe in detail the rationale and
design of an ongoing hospital-based cohort study—the
Guangzhou Prospective Cohort Study on Hand-Foot-andMouth Disease (GPCS-HFMD)—in Guangdong Province,
China. This study is being conducted in the Guangzhou
Women and Children’s Medical Centre (GWCMC),
which is the largest tertiary referral paediatric hospital in
Southern China. The objective of the GPCS-HFMD study
is three-fold: (1) to develop early warning tools for CNS
involvement using early biomarkers and clinical manifestations; (2) to assess the long-term neurocognitive impairment after severe HFMD; and (3) to build an HFMD
biobank for future research activities.

Methods and analysis
Study design and participant recruitment
The recruitment of study participants has started since
the first of December 2017. Consecutive inpatients who
are admitted to the infectious disease wards with an
HFMD diagnosis after that date are considered for their
eligibility to enter the cohort. HFMD diagnosis and decision for hospitalisation are made following the National
Health Commission’s Guideline on Hand-Foot-andMouth Disease Diagnosis and Treatment (2018 edition).20
Inpatients are excluded if they have one or more of the
following criteria: (1) ≥14 years of age at admission; (2)
complicated with any pathogenically confirmed viral and/
or bacterial infections at admission that might confound
the CNS and pulmonary complications associated with
HFMD (eg, herpes simplex virus and adenovirus); (3)
have physical/mental retardation at admission; (4) have
any underlying neurological, systematic, hereditary or
metabolic diseases; and (5) lack of written informed
parental/guardian consent. According to the study plan,
2

Figure 1 Cohort diagram of the Guangzhou prospective
study on hand-foot-and-mouth disease. ABAS-III,
Adaptive Behavior Assessment System the Third Edition;
CSF, cerebrospinal fluid; DDST II, Denver Developmental
Screening Test; EEG, electroencephalography; GDO, Gesell
Developmental Observation; GWCMC, Guangzhou Women
and Children’s Medical Centre; HFMD, hand-foot-and-mouth
disease; WISC-IV: Wechsler Intelligence Scale the Fourth
Edition.

the recruitment will continue until the year 2023. figure 1
provides an overall view of the study design.
In the past 5 years, we admitted averagely 1200 patients
with HFMD each year; among them around 10% developed CNS complications (online supplementary appendix
figure). We thus expect that after exclusions, our cohort
will recruit more than 4000 patients including about 400
cases with CNS involvement by the end of recruitment.
A prospective cohort of this size has a statistical power
of 80% to detect a moderate relative risk of 1.5 for a less
common predictor (prevalence of the Predictor=10%),
given a probability of 0.05 for type I error, an overall incidence of 10% for the event of interest, and a rate of 10%
for loss to follow-up.
Data collection
Baseline clinical and laboratory data
Administrative, demographic and routine clinical data
are collected during the initial outpatient department
visit. Biosamples including blood, throat swab and anal
swab are collected and assayed for all study participants at
both admission and discharge. For each patient who has
been enrolled in the cohort, a virological diagnosis will be
made using throat/anal swab PCR technique. Extra swabs
(treated with preservatives in 15 mL vials) and aliquots of
blood samples (4 mL, whole venous blood, anticoagulated
with EDTA) will be stored in a −70℃ freezer. For severe
HFMDs, CSF test, electroencephalography and MRI are
performed additionally to confirm brain involvement. An
aliquot of CSF (2 mL) will be stored in a −70℃ freezer for
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future analysis. Colour Doppler ultrasound and pulmonary function tests are also provided but only if they are
clinically necessary. All study participants are also given
a thorough neurocognitive assessment before discharge
(details about the assessment are described below).
Definition of central nervous system involvement and severe handfoot-and-mouth disease
CNS involvement is defined using the established criteria,
that is, the presence of any of the following features:
aseptic meningitis, encephalitis, encephalomyelitis, acute
flaccid paralysis or autonomic nervous system dysregulation, whichever comes first.11 Severe HFMD is defined as
the presence of either CNS complication or cardiopulmonary complication (pulmonary oedema, pulmonary
haemorrhage or cardiorespiratory failure), or both.11
Follow-up and neurocognitive assessments
During the follow-up, research nurses telephone parents/
guardians of the participating children every 6 months
to collect the information about the occurrence of any
disease in the last 6 months. This information is verified if
the disease was diagnosed at the GWCMC using the electronic medical record system. Parents/guardians are also
advised in particular to notify the research nurses of any
HFMD-like symptoms so that a hospital visit for medical
diagnosis can be scheduled. In an effort to maintain a
high follow-up rate, those who do not respond to the first
phone call will be contacted again within 2 days. Newsletters will be sent to parents/guardians regularly via social
media apps to keep them informed of the progress and
achievements of the study.
A questionnaire interview regarding the general health
condition and a comprehensive neurocognitive assessment will be conducted each year in the first 2 years of
follow-up and every 2 years afterwards. Neurocognitive
development will be assessed by independent professional
neuropsychologists using the Gesell Developmental
Observation for children under the age of 3 years and
the Wechsler Intelligence Scale the Fourth Edition for
those over this age.21 22 The adaptive skills of children
over the age of 6 months will be tested using the Adaptive
Behaviour Assessment System the Third Edition.23 For
children under the age of 6 years, their gross and fine
motor skills will be assessed with the Denver Developmental Screening Test.24
Patient and public involvement
Neither patients nor their parents/guardians, nor the
public were involved in the study design. Any published
results will be simplified using plain language and then
sent to the parents/guardians.
Statistical analysis
Characteristics of the study participants will be
summarised using descriptive statistical methods. Bioinformatic technologies will be used to analyse the ‘omics’
data derived from biosamples for identification of promising precursory biomarkers. Statistical regression models
Li K, et al. BMJ Open 2019;9:e027224. doi:10.1136/bmjopen-2018-027224

(eg, Cox proportional hazards model) and machine
learning approaches will be applied to develop clinical
tools that can be used for early detection of patients at
high risk of neurological complications. Risk prediction
using case-cohort design will be considered given its
advantage that expensive examinations/tests (eg, genotyping) can be restricted to a much smaller subcohort. In
this case a weighted Cox proportional hazards model will
be fitted. The discriminative performance of the clinical
tools will be evaluated internally and possibly externally.
Data on neurocognitive assessments will be compared
between mild and severe HFMDs using different statistical methods depending on the distribution of the data.
All the reported p values will be two-sided with 0.05 as the
threshold for statistical significance.
Discussion
Outbreak of HFMD is common in China and over a
million young children are affected each year. Severe
HFMD is of great concern to the healthcare authority
given the avoidable loss of hundreds of lives it causes
annually.11 According to the latest Chinese national
guideline on HFMD diagnosis, the presence of the
following physical or laboratory signs indicate the need
for intensive monitoring: persistent fever (>39°C), lethargy, myoclonic jerks, tachycardia, tachypnoea, hyperglycaemia, increased neutrophil count and increased blood
lactate level.20 However, no prognostic tool is available for
early detection of severe HFMDs before the listed clinical
manifestations become evident.
Several risk prediction algorithms based on clinical
symptoms and results of laboratory tests for developing
severe HFMD have been built, but whether they would
be adopted by clinicians remains in doubt because of the
uncertainty about their clinical advantages. Moreover, it
is unclear to what degree those predictors precede the
onset of neurological complications. This is a particularly important concern considering the fact that most
HFMDs develop neurological complications only 1 day
after admission.15 A number of single nucleotide polymorphisms have been identified as risk factors for severe
EV-A71 infection,25–27 but polymorphism testing may
take several days. With the detailed clinical and biological information it collects, the GPCS-HFMD study is
expected to discover some meaningful and applicable
early biomarkers that can contribute to early prediction
and prevention of disease deterioration.
For survivors of severe HFMD, childhood infection of
EV-A71 might lead to lifelong neurological and cognitive impairment. Previous studies have shown a substantial burden of neurological sequelae following severe
HFMD.28 Delayed neurodevelopment and reduced cognitive functioning after encephalitis following EV-A71 infection have been observed in two small-sized cohorts,18 19
but findings from large-scale prospective cohorts are still
in absence. One case-control study found an increased
risk of attention deficit hyperactivity disorder associated
3
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with enterovirus encephalitis.29 30Autism spectrum
disorder cases secondary to enterovirus encephalitis have
also been reported sporadically.31 32 However, only largescale prospective patient cohort studies are likely to establish convincing epidemiological associations between
childhood EV-A71 infection and subsequent neurological/cognitive disorders given the low incidence rates
of these outcomes and the involvement of numerous
confounding factors. To the best of our knowledge, the
GPCS-HFMD study has been the first prospective cohort
study so far that is designed to evaluate the long-term
neurocognitive effects following childhood EV-A71 infection, and thus this study will yield important insights into
the overall burden of the disease. Compared with EV-A71,
CV-A6 and CV-A16 rarely cause CNS complications.33 34
However, more studies are needed to confirm this and to
investigate the underlying mechanisms.
Selection bias is a major limitation of this study owing to
the study’s hospital-based setting and prospective nature.
As a tertiary referral hospital in the region, our institute
is likely to receive more HFMD patients with severe symptoms; on the other hand, when overwhelmed by a large
number of patients seeking medical care during HFMD
outbreaks, doctors have to be selective about who should
be admitted. Both circumstances will introduce selection
bias at the recruitment stage. Selection bias would also
arise during follow-up as it might be difficult for very
healthy and/or very sick children to maintain a long-term
participation in our study. It should be noted that we do
not place a restriction on the time from disease onset to
diagnosis/admission, as doing so will introduce further
selection bias. Incompleteness of data is another possible
limitation, because some invasive or expensive examinations (eg, lumbar puncture and MRI) are conditioned
upon parental consent.
In summary, severe HFMD is a fatal paediatric disease
that necessitates early detection for better prognosis as
well as a continuous monitoring of long-term neurocognitive consequences. The upcoming findings of the
GPCS-HFMD study will provide primary knowledge on
better approaches to early detection and treatment of
severe HFMD and will also lead to development of timely
posthospital intervention strategies against its neurocognitive sequelae.

Ethics and dissemination
Written informed consent will be obtained from parents/
guardians before the children join the cohort. Transportation expenses for participants to travel to GWCMC
for neurological and cognitive assessments will be reimbursed. The protocol of this study has been approved by
the ethics committee of GWCMC. Data usage follows the
rules of hospital’s data oversight committee. Biological
samples will be handled after use following the national
guideline on biological waste management and disposal.
Findings of the GPCS-HFMD study will be disseminated
4

through publications in international peer-reviewed journals and will be presented in academic conferences.
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