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ABSTRACT

Background: Hand, foot and mouth disease (HFMD) caused by enterovirus A71 (EV-A71) is
associated with acute neurological disease in children.

This study aimed to estimate the burden of long-term sequelae and death following
severe HFMD.
Methods: This systematic review and meta-analysis pooled all reports from English and
Chinese databases including MEDLINE and Wangfang on outbreaks of clinically diagnosed
HFMD and/or laboratory-confirmed EV-A71 with at least 7 days' follow-up published be-
tween 1st January 1966 and 19th October 2015.

Two independent reviewers assessed the literature.

We used a random effects meta-analysis to estimate cumulative incidence of neuro-
logical sequelae or death.

Studies were assessed for methodological and reporting quality.

PROSPERO registration number: 10.15124/CRD42015021981.
Findings: 43 studies were included in the review, and 599 children from 9 studies were
included in the primary analysis.

Estimated cumulative incidence of death or neurological sequelae at maximum follow
up was 19.8% (95% CI:10.2%, 31.3%).
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Heterogeneity (I2) was 88.57%, partly accounted for by year of data collection and
reporting quality of studies.

Incidence by acute disease severity was 0.00% (0.00, 0.00) for grade IIa; 17.0% (7.9, 28.2)
for grade IIb/III; 81.6% (65.1, 94.5) for grade IV (p = 0.00) disease.
Conclusions: HFMD with neurological involvement is associated with a substantial burden of

long-term neurological sequelae. Grade of acute disease severity was a strong predictor of

outcome.

Strengths of this study include its bilingual approach and clinical applicability.
Future prospective and interventional studies must use rigorous methodology to assess
long-term outcomes in survivors.

Funding: There was no specific funding for this study. See below for researcher funding.
© 2018 The Authors. Published by Elsevier Ltd on behalf of European Paediatric Neurology
Society. This is an open access article under the CC BY license (http://creativecommons.

org/licenses/by/4.0/).
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N rate for clinically confirmed HFMD,"" substantially higher

1. Introduction

Hand foot and mouth disease (HFMD) is a clinical entity con-
sisting of fever and vesicular rash on the palmar and plantar
aspects of the hands and feet with or without herpangina, ul-
cers on the buccal mucosa. HFMD outbreaks, seen in preschool
children, are usually benign and self-limiting. However, since
the late 1990s, outbreaks associated with neurological compli-
cations in Malaysia and Taiwan heralded a new paediatric en-
cephalitis threat in the region.” HFMD has been associated
with enterovirus A infection, and more severe clinical out-
comes are associated with enterovirus A71 (EV-A71) specif-
ically, but recent outbreaks in China suggest other pathogens
may also be associated with neurological complications.®”
Ongoing outbreaks in China and Vietnam, and increasing re-
ports of cases with severe manifestations in Europe, make
HFMD a disease of regional and global importance.® .

In China alone, between 2008 and 2012, 6.5 million children
were diagnosed with HFMD and more than 2200 died. Annual
incidence of both disease and death are increasing.’® A recent
meta-analysis has estimated a 1.7% pooled case-mortality

than polio in which approximately 4% of symptomatic cases
result in acute flaccid paralysis (AFP) of whom 2—5% of chil-
dren and 15-30% of adults die,'”” validating its recent
description as “the new polio”.*>"*,

Aseptic meningitis, brainstem encephalitis, encephalo-
myelitis, cerebellar ataxia, AFP and life threatening cardio-
pulmonary failure (CPF) have been reported as HFMD-
associated neurological complications, * best delineated in
the World Health Organisation (WHO) grading system of acute
severity [Graphic 1]. But in survivors of severe HFMD it is not
clear what the burden and course of neurological, cognitive
and developmental sequelae are, nor which specific areas are
impaired.”'® Furthermore, whilst a number of studies have
identified risk factors for acute disease severity (younger age
of onset, high and prolonged fever and neurological involve-
ment),’*,"” similar markers predictive of long-term morbidity
are lacking. The adequate management of future outbreaks is
contingent on understanding where to focus resources to
prevent and treat acute disease as well as ameliorate long-
term disease burden. The future morbidity and mortality of
this emerging infection is even less clear. Recent outbreaks
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Grade | — | Grade Il = HFMD with CNS | Grade Il — HFMD with | Grade IV — HFMD with
Uncomplicated involvement Autonomic Nervous | Cardiopulmonary Failure
HFMD/ herpangina Ila—Aseptic | b~ Brainstem System Dysregulation
Meningitis Encephalitis,
Encephalomyelitis
Children with any of | Children Children with HFMD/ | Children with CNS | Children with ANS
the following, and | with Herpangina and any | involvement and any of | dysregulation and any of the
no warning signs*: HFMD/ of the following: the following: following:
. Skin rash Herpangina ] Myoclonic . Resting Heart . Hypotension/
° Oral and jerks rate 150- shock
ulcers meningism ° Ataxia, 170/min ° Pulmonary
tremors ° Hypertension edema/
e  lethargy e  Profuse haemorrhage
. Limb sweating . Heart failure
weakness ° Respiratory

abnormalities
(tachypnea,
labored
breathing)

Graphic 1 — WHO disease severity classification by clinical criteria. Adapted from ‘A guide to clinical management and

public health response for Hand, Foot and Mouth Disease’.

s 19

have been heterogeneous in aetiology, size, mortality rate and
hospital burden.>*#[Graphic 2] [Graphic 3].

This systematic review and meta-analysis aims to describe
the risk of long-term outcomes in cases of severe HFMD dis-
ease; the risk by World Health Organisation clinical severity
grade,'*'® demographics, MRI findings and interventions; and
qualitative lessons from the literature.

2. Methods
2.1. Search strategy and selection criteria

This systematic review and meta-analysis was performed and
reported according to the PRISMA statement.”’ We included
studies that reported on all outcomes following severe HFMD,
defined as WHO grade IIa-1V in paediatric populations, where
cases were defined clinically (gold standard) and/or using
standard laboratory techniques, with minimum seven days'
follow-up and from an outbreak context. We included studies
published in both English and Chinese. We worked in English-
speaking (TP, EJ, RvD, SS) and Mandarin-speaking teams (FL,
LL, CY, SZ, QC, YL, QL and HY) that collaborated closely
throughout to ensure methodological consistency.

We compiled a Boolean search term [available in Appendix
1] in English using the validated hedge term for children®’;
descriptions of the exposure (hand, foot and mouth disease,
enterovirus A71 and all other permutations); of outcome as
concept (e.g. follow-up, outcome); and of outcome type (e.g
neurodevelopment, weakness) including relevant medical sub-
ject headings. It was translated and modified for use in Chi-
nese databases, and validated by employing scoping searches
and consulting with experts in the field.

In English, we searched MEDLINE, Embase, Web of Science
(including conference proceedings), Cochrane Library and
Global Health Library (limited to developing country regions).
In Chinese, we searched Wangfang and China Hospital

Knowledge Database, along with other databases to identify
relevant clinical trial and grey literature [Appendix 1]. Rand-
omised controlled trials (RCTs), observational studies, cohort
studies, cross sectional studies, case series and reports and
grey literature were included. We included studies published
between 1st January 1966 and 19th October 2015.

2.2. Data extraction and quality assessment

Title and abstract screening was performed by two indepen-
dent reviewers, with consensus decision in cases of
disagreement. Screening of clinical trials and grey literature
was performed by one team member. All studies passing title
and abstract screening were subjected to full text review,
independently performed by two reviewers. Any disagree-
ments about final inclusion were resolved by a third reviewer.
We scrutinised publications for duplicate data.

We used a score based on STROBE guidelines® to assess
risk of bias and quality of reporting [Appendix 2]. Publications
were selected for primary analysis if they were representative
of our population of interest, studied severe HFMD defined as
WHO grade Ila to IV, reported on follow-up beyond 7 days after
acute disease onset and demonstrated adequate methodology
and reporting. Publications focusing on acute severity sub-
groups or describing outcomes divided as such were selected
for subgroup analysis. Where loss to follow-up was reported,
these children were excluded from the analysis. All English
articles, including duplicates and those with a poor quality
score, were eligible for text review. Where we established that
data from the same study was reported in two or more pub-
lications, we employed a pragmatic approach to include data
from the strongest, most relevant article.

2.3. Data synthesis and analysis

Data regarding study identification; number of partici-
pants and number with long-term outcome; demographics,
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2472 articles identified from
search: 2210 in English, 262 in
Chinese

- 816 Pubmed

- 670 Web of Science

- 91 Cochrane Library

- 546 Global Health Library

- 87 Clinicaltrials.org

- 202 Wanfang

- 60 China Health

Knowledge Database

2204 articles excluded for failing
to meet criteria on title/abstract
screen, or removed as duplicates:
2147 in English, 57 in Chinese

268 articles reached full text
review: 63 in English, 205 in
Chinese

183 articles excluded during full
text review as deemed irrelevant
(20 in English, 163 in Chinese)

85 articles were assessed for
methodological quality: 43 in
English, 42 in Chinese

33 Chinese articles excluded
following the methodological
quality assessment

25 articles passed the
methodological quality
assessment: 16 articles from 12
studies in English, 9 articles from
9 studies in Chinese

9 articles included in
primary analysis: 5
articles from 5 studies in
English, 4 articles from 4
studies in Chinese

21 articles were included in
subgroup analysis: 15 articles
from 11 studies in English 6
articles from 6 studies in
Chinese

Clarifications:

1. The methodological quality assessment process involved a formal scoring system

and a panel discussion

2. Articles were eligible for primary analysis, subgroup analysis or both depending on
patient populations and whether outcomes were stated in relation to acute severity

3.  Where two articles reported on the same study, the article with the best

methodology and reporting was included in primary and/or subgroup analysis. In
one instance (Chang 2007, Hsia 2005), two articles reported on different aspects of
the same study and both were included, taking care to remove duplicate patient

data.

All 43 relevant articles in English
underwent text review. This
included articles that failed the
methodological quality
assessment, and duplicate
reports on the same study. No
Chinese articles underwent text
review.

Graphic 2 — Flowchart of study exclusion and data extraction.
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%
Study ES (95% CI) Weight
;
Chang (1998) E — 0.302(0.321, 0.467)  12.62
McMinn (1999) E + 0.222 (0.028, 0.600)  7.34
Lee (2006) —-v%— 0.190 (0.054, 0.419)  9.84
Li (2008) — ; 0.111(0.062,0.179)  12.69
i
Liu (2008a) E —_— 0.400 (0.227, 0.594)  10.70
Li (2008b) é —_— 0.371 (0.215,0.551)  11.02
Zhang (2010) —.— E 0.079 (0.032, 0.155)  12.39
Lou (2011a) —m—% 0.061 (0.007, 0.202)  10.90
Shen (2011b) 0.120 (0.056, 0.216)  12.20

Overall {12 = 88.572%, p = 0.000)

0.198 (0.102, 0.313) 100.00

Graphic 3 — Forest plot with estimates for risk of death or neurological sequelae at maximum follow-up after severe HFMD.

*Author (year of first data collection).

acute disease severity as per WHO classification [Graphic 1],
MRI findings and interventions; duration of follow-up;
qualitative lessons; and methodological quality and report-
ing were extracted. Where possible, individual data was
extracted. We excluded cases of delayed post-infectious
sequelae that did not occur in the context of acute
severe disease.

For the primary and grade-specific meta-analyses,
outcome was defined as cumulative incidence of death or
survival with neurological sequelae at maximum follow-up.
MRI outcome subgroups included positive and negative
image results in the first two weeks after disease onset. Out-
comes for cognitive and developmental sequelae were calcu-
lated. We wused a Freeman-Tukey Double Arcsine
Transformation for stabilizing the variances before perform-
ing the pooled estimate. Assuming binomial distribution
allowed inclusion of studies with proportions equal to zero.??
A random effects model was performed applying the DerSi-
monian and Laird method to deal with extra between-study
variation.?* Heterogeneity was evaluated using the I-squared
measure and the Cochrane test for heterogeneity (Q statistic).
The I-squared was interpreted as high heterogeneity (>=75%),
moderate heterogeneity (>=50%) and low heterogeneity
(>=25%).>> A deeper exploration using collecting period and
methodological and reporting quality was performed. Bias
was evaluated with funnel plots. A protocol for this review
was submitted to Prospero.”®

The three funders of the study had no role in study design,
data collection, data analysis, data interpretation, or writing of
the report. The corresponding author had full access to all the
data in the study and had final responsibility for the decision
to submit for publication.

3. Results

Our search identified 2472 articles. Of these, 25 had adequate
methodology and reporting for inclusion in quantitative ana-
lyses [Table 1], and 43 were included in the text review.

Nine studies with a total of 599 children, 59.8% male, were
included in the primary analysis.

Estimated cumulative incidence of death or long-term
neurological sequelae at maximum follow-up was 19.8%
(95% CI:10.2%, 31.3%), I2 88.57%. First year of data collection
(1998—2008 vs. 2010—2011) (p = 0.002) and reporting quality
(p = 0.00) accounted for heterogeneity; methodological quality
did not (p = 0.20). Only one study’” reported loss to follow-up,
and accounting for this reduced 12—84.47% [Appendix 4].
Smaller studies were biased towards reporting higher inci-
dence of poor outcomes, with one outlier'® [Appendix 4].

In our primary analysis, 8 studies described neurological
outcomes (n = 524). Of these, 60 children died, 54 developed limb
weakness, 19 ventilator dependence, 17 dysphagia, 10 ataxia, 9
facial nerve palsy, 4 seizures, 1 internuclear ophthalmoplegia,
and 1 left arm and bilateral toe amputation after ECMO.

Risk of sequelae or death was 0.0% (0.0%, 0.0%) for grade IIa;
17.0% (7.9%, 28.2%) for grade IIb/IIL; and 81.6% (65.1%, 94.5%)
for grade IV. Significant heterogeneity existed between these
groups (p = 0.00), demonstrating an association between acute
severity and sequelae or death.

There was low heterogeneity within grade Ila (I2 = 0.00%),
high heterogeneity within grade IIb/IIl (12 = 84.15%), and
moderate heterogeneity within grade IV (I2 = 65.77%). Within
grade IIb/III, reporting quality accounted for heterogeneity
(p = 0.021); first year of data collection (p = 0.262) and
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Table 1 — List of studies included in the quantitative analysis.. For a list of studies included in text review, see Appendix 3.

First Year of  Reference Study Year(s) Language Study Definition of Mean/median (%)

Author publication number Country of data design exposure age (month)®
collection

Chang 2007 15 Taiwan 1998—-2003 English Prospective Culture/PCR 21.6

Li 2015 A China 2008—2012 Chinese  Retrospective Clinical 26.4

Zhang 2014 B China Jan 12010—Dec 312012  English Prospective Culture/PCR NR

Shen 2014 53 China 20112013 Chinese  Retrospective  Clinical NR

Li 2012 29 China May 2008—Sept 2010 English Prospective Clinical 19*

Lou 2013 © China 2011 Chinese  Retrospective  Culture/PCR 19

Liu 2012 D China 2008—2010 Chinese  Retrospective  Culture/PCR 13*

Lee 2010 30 Taiwan June 2006—June 2008 English Retrospective  Culture/PCR NR

McMinn 2001 16 Australia Feb—sept 1999 English Retrospective  Culture/PCR 18.2 (18%)

Tsou 2008 31 Taiwan  Oct 1997—June 2002 English Retrospective  Culture/PCR NR

Liu 2015 32 China 2012—2013 Chinese  Retrospective  Clinical 25

Huang 2006 33 Taiwan 1998—-2004 English Prospective Clinical 28.8

Zhang 2011 E China 2008 Chinese  Retrospective  Clinical 16*

Chen 2013 34 China May 2008—Sept 2010 English Retrospective  Clinical 19*

Peng 2012 F China 2011 Chinese  Prospective Clinical 21.6

Shen 1999 I Taiwan  April-October 1998 English Retrospective  Clinical 25

Lee 2014 42 Taiwan  Jun 1998—july 2012 English Prospective Clinical 33.5 (27%)

Tsai 2014 35 Taiwan 2001—2006 English Retrospective  Clinical 22"

Zhang 2013 G China 2011-2012 Chinese  Retrospective  Clinical 21

Hsia 2005 36 Taiwan  May 2000—Sept 2001 English Retrospective  Serology 11*

Fu 2014 H China 2010—2011 Chinese  Retrospective  Not reported 19.8

Liee 2012 37 Taiwan Oct 2000—June 2008 English Prospective Culture/PCR 17 (18%)

Nolan 2003 38 Australia Dec 2000—May 2001 English Prospective Clinical 21 (17.5%)

Chen 2014 43 China May 2008—Oct 2011 English Prospective Clinical 16 (13%)

Chen 2001 41 Taiwan  April-Dec 1998 English Prospective Clinical 13.1 (16%)

TOTALS:

Table ranked by analysis group, number of participants and year of study.

§ Mean to one decimal place where available.

NR — not reported.

References of studies not referenced in the body of the text

A —1iL, Liang G, Li Z, et al. Clinical features and neuropsychological development follow up on 126 patients with hand, foot and mouth disease
and encephalitis. General Practice of Chinese Medicine. 2015;13(4):607—8.

B — Zhang Q, MacDonald NE, Smith JC, et al. Severe enterovirus type 71 nervous system infections in children in the Shanghai region of China:
clinical manifestations and implications for prevention. Paediatric Infectious Diseases Journal. 2014 May;33(5):482—7.

C —Lou Y, Jin H, Liang P. Follow-up analysis of severe hand, foot and mouth disease in 33 cases caused by enterovirus 71. Chinese Medical
Science. 2013;13:211-2.

D — Liu K, Ma X, Zhang C, et al. MRI and clinical characteristics of follow-up study in patients with neurological complications of enterovirus 71-
related hand, foot, and mouth disease. Chinese Journal of Medicine. 2012;92(25):1742—6.

E —Zhang L, Wang Y, Wang X, et al. Two-year clinical follow-up study in patients with acute flaccid paralysis of hand, foot and mouth disease.
General Practice of China. 2011;14(20):2260—3.

F —PengB, Du Z, Li X, et al. Evolution and prognosis of acute flaccid paralysis from MRI image in patients with enterovirus 71 infection. Chinese
Journal of Paediatrics. 2012;50(4):255—60.

G — Zhang S, Jia L, Li G. Clinical analysis and follow-up on eight children with hand, foot and mouth disease and acute flaccid paralysis. Modern
Practical Medicine. 2013;25(7):806—8.

H — Fu S, Luo X, Wen X, et al. Clinical analysis and follow-up study in children with severe hand, foot and mouth disease. General Practice of
China. 2014;17(4):403—7.

I — W.C. Shen, H.H. Chiu, K.C. Chow and C.H. Tsai, MR imaging findings of enteroviral encephaloymelitis: an outbreak in Taiwan, AJNR Am ]
Neuroradiol 20, 1999, 1889—1895.

methodological quality (p = 0.309) did not. Smaller studies
were biased towards reporting higher incidence of poor out-
comes in grade IIb/III, but reduced incidence of poor outcomes
in grade IV [Appendix 4].

Of 79 children from 5 studies with grade Ila disease in the
analysis, there were no instances of sequelae.

Of 15 studies including 438 children with grade IIb/III dis-
ease, 9 studies delineated outcomes by specific presentation
(AFP, brainstem encephalitis, encephalomyelitis), and 6

provided grouped data. Of 100 children from 9 studies with
grade IIb/11I disease and AFP as part of their presentation, 1.0%
died, 45.0% had residual weakness at maximum follow-up,
and 54.0% fully recovered. One Taiwanese patient had weak-
ness persisting 20 years after acute disease, exempting them
from military service.?”

Serial data demonstrating the resolution of limb weakness
over time were rare and non-uniform, precluding quantitative
analysis. One study with 24 children found that 71% recovered
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Male: Mean follow Neurological Outcomes MRI Cognitive Development
F?;rtlfole up (month) Primary Gradella Grade IIb/III (total) AFP Grade IV olicomes (n) Soutcomes Cliasele il
1.49 34.8 181 61 53 21 v 4
1.14 NR 126
1.41 NR 89
2.49 NR 75
1.33 NR 35 7 25 9 3
1.75 NR 33
1.69 NR 30 6 20 8 4
NR NR 21 1 14 3 6
0.44 34 9 4 5 2
NR 36 81 44 v 4
2.15 NR 61 2
1.52 33.6 56 7 v 4
4 NR 20 20
1.33 NR 19 2
1.67 1 16 16
NR 3 15
1.6 29.9 13 13 27
171 NR 32 14
1 NR 8 8
1.08 NR 27
0.89 NR 17
2.33 85.4 10 v 4
1 NR 6 6
1.4 NR 12
1.33 NR 7
599 79 438 100 142 52

full power by 2—3 months, and 13% had residual weakness at 6
months. Recovery was distal to proximal, and reflexes and
tone recovered in parallel with power.”®

Children suffering from grade IV disease were more likely
to suffer from negative outcomes than those with grade Ila-III
disease [Table 2]. The use of ventilatory support in the context
of neurogenic pulmonary oedema or pulmonary haemorrhage
is commonly described.?* ¥ One study describes 72 children
with grade IIb-IV disease requiring endotracheal intubation.
Whilst 58 of these children were extubated successfully, 14
required tracheostomy (mean intubation 7.5 and 28.6 days

respectively). Five children suffered laryngotracheal injury
and could not be decannulated despite regaining independent
ventilatory function.*

In those surviving grade IV disease, duration and degree of
hypotension, and high inotrope requirements, were associ-
ated with ventilator dependence.® Younger age was associ-
ated with increased risk of ventilator requirement and, of
those intubated, older age was associated with ventilator
dependence.®*°,

One study describes 3 children with respiratory failure.
One responded to phrenic nerve stimulation but two did not.
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Table 2 — Cumulative incidence of death, neurological sequelae or sequelae-free survival at maximum follow-up, divided

by maximum severity of acute disease.

Number of Pooled n Cumulative incidence by outcome (95% confidence interval)
sl Death Neurological sequelae at Free of neurological
maximum follow-up sequelae
Primary analysis 9 599 0.070 (0.035—0.114) 0.098 (0.033—0.186) 0.813 (0.719—0.894)
Grade Ila 5 79 0.000 (0.000—0.000) 0.000 (0.000—0.000) 1.000 (1.000—1.000)
Grade IIb/III 15 438 0.000 (0.000—0.005) 0.161 (0.069—0.275) 0.830 (0.718—0.921)
Grade IV 12 142 0.327 (0.197—0.468) 0.385 (0.230—0.550) 0.184 (0.055—0.349)

*cumulative incidence does not add to 1 due to rounding of data required by the statistical analysis.

The clinical distinction between respiratory centre damage
and phrenic nerve dysfunction could be useful in guiding
future treatment.*®

Bulbar dysfunction and dysphagia are also commonly
described. In one study, 10 children required gastrostomy,
with six dying of poor nutrition and sepsis after an average of
3.6 months in intensive care.*’ Pulmonary oedema was an
independent risk factor for gastrostomy. Long-term NG tube
feeding complicated by recurrent aspiration pneumonia is
also described.”"?’.

Other outcomes described in grade IV disease includes
seizures, sometimes requiring long-term anticonvulsant
therapy, and children with severe motor sequelae rendering
them bed-bound.*”

Four studies explicitly assessed cognitive and develop-
mental outcomes [Appendix 5] using variable assessment
tools and definitions of significant impairment.*>****3” One
paper found acute disease severity to be associated with cu-
mulative incidence of poor developmental outcomes
(p = 0.01); acute disease severity, age at onset, maternal and
paternal educational level were associated with IQ score
(p=0.00, p=0.01, p=0.04 and p = 0.02)."*

Two case—control studies found an association between
HFMD and Attention-Deficit/Hyperactivity Disorder (ADHD).
One prospectively assessed 86 children with severe HFMD 4—5
years after acute disease using the Conners' Parent and
Teacher Rating Scales, finding that 20% of cases had raised
scores compared to 3% of controls. Age of onset, clinical
severity, MRI findings and laboratory data collected during
hospitalisation did not predict ADHD symptom score.’® The
other compared ADHD cases with healthy controls, finding
that ADHD was associated with previous infection with EV-
A71 and more strongly with severe EV-A71 disease.*’

Fifty-one children from 4 studies*"***%** had MRI per-
formed within 2 weeks of disease onset with paired outcome
data [Appendix 6]. Two, 33 and 16 children had grade Ila, IIb/III
and IV disease respectively. Cumulative incidence of sequelae
or death at maximum follow-up was 0.01 (0.00—0.07) following
a negative MRI and 0.63 (0.33—0.89) if positive. Moderate study
heterogeneity was observed in the positive MRI group.

Type of lesion, anatomical site of lesion and association
between MRI findings and clinical outcomes are summarised
in appendix 6. No study statistically tested associations be-
tween MRI and outcome.

Three studies compared outcomes following severe HFMD
secondary to EV-A71 infection and other viral causes
[Appendix 7]. In those with EV-A71 infection, one study found

increased rates of death (p = 0.02),*° and two studies found
increased rates of sequelae (p = 0.02, p = 0.00)°>*? compared to
non EV-A71 infection.

Of 25 studies included in the quantitative analysis, 3 were
prospective and the remaining retrospective; 15 defined cases
clinically rather than by laboratory methods alone; 16 used a
WHO grading system or similar; and 8 had follow-up of more
than one year. Adequate reporting was seen in 8 studies for
the inclusion pathway; 23 for case definition; and 4 for follow-
up methodology [Appendix 2].

4, Discussion

Quantitative and qualitative hospital-based data from 6 coun-
tries between 1980?” and 2013?%°>°® were incorporated. The
quantitative analysis included 25 studies and 1090 children. The
cumulative incidence of sequelae-free survival at maximum
follow-up after severe HFMD was 80.2% (95% CI: 68.7%, 89.8%),
comparable to outcomes following bacterial meningitis where
full recovery is seen in 83.6% (developed countries) and 73.5%
(developing countries) of children (n = 4920).>* The burden of
sequelaeis concentrated in children sufferingmore severe acute
disease (p = 0.00), especially grade IV disease.

The brainstem is “hard-wired” for physiological functions
such as consciousness, breathing and blood pressure con-
trol.>>° It plays an important role in mediating responses to
the environment, with communication to the cerebellum,
thalami, basal ganglia, motor cortex as well as limbic,
emotional and attentive systems, which influence cognition,
memory and learning.”” Brainstem lesions therefore influence
a wide range of processes and functions, and manifestations
will evolve with child development, especially higher func-
tions (e.g. cognition) that are more easily evaluated at school
age and beyond.*®

Poor neurological, developmental and cognitive recovery
after HFMD may manifest due to direct neuronal damage by viral
invasion in the brainstem or higher brain centres,™>>>>°>°%
hypoxic injury due to CPF,°*** central hypoventilation® or
phrenic nerve dysfunction.®® Developmental and cognitive re-
covery may also be impaired by environmental factors such as
poor access to rehabilitation or school absence.™*.

Sequelae such as limb weakness, facial nerve palsy, and
cerebellar signs were described across subgroups grade ITb-IV. In
contrast ventilator dependence, bulbar dysfunction and the
presence of multiple physical disabilities rendering the child
fully dependent were found almost exclusively in those with


https://doi.org/10.1016/j.ejpn.2018.04.007
https://doi.org/10.1016/j.ejpn.2018.04.007

EUROPEAN JOURNAL OF PAEDIATRIC NEUROLOGY 22 (2018) 763—773 771

grade IV disease. Our results suggest that a negative MRI in the
acute setting may be a good prognostic sign in children with
grade IIb-III disease, though this is an uncommon finding. Use of
MRI in grade IV disease is more questionable given the consis-
tency of such findings and the challenges of performing a scan
on clinically unstable children. No RCTs featured in the quan-
titative analysis since outcomes in survivors were not
described.®®** EV-A71 vaccine trials have provided evidence for
their efficacy in reducing the risk of developing severe disease in
the acute phase, but none yet for reducing death or sequelae.®

In Singapore, Chinese and Malay children are more sus-
ceptible to developing HFMD than Indian children, and HLA-
A33 and HLA-A2 are associated with susceptibility to EV-A71
infection and progression to CPF respectively (p = 0.00,
p = 0.03).°%” 1t would follow that similar factors exist for
sequelae following infection.

Heterogeneity between studies in the meta-analysis can be
explained by population and viral factors creating unique
outbreaks; variable thresholds for hospital admission; differ-
ences in standard of care (e.g. inotrope use); and differences in
methodological and reporting quality of studies included,
particularly regarding follow-up. For example, Chang and
colleagues (2007)** showed a higher proportion of sequelae or
death than other studies and was the only prospective study
excluding participants lost to follow-up in the primary anal-
ysis, individuals likely to have better outcomes. When the
dataset was adjusted for this, heterogeneity reduced
[Appendix 4].

Study methodology and reporting were variable, partly
because long-term outcomes were often secondary outcomes
in retrospective studies. Accurate descriptive data (age,
gender) and time and duration of follow-up were often lack-
ing, precluding analysis of these as risk factors. Some studies
used diagnosis by laboratory identification of EV-A71 rather
than clinical assessment [Appendix 2]. Most studies did not
provide adequate clinical detail for grade IIb and III children to
be distinguished, meaning data from these grades were
merged.

Our analysis likely underestimated morbidity because
children without overt sequelae at discharge were often not
followed up and many studies only assessed direct neuro-
logical sequelae, failing to capture multi-domain develop-
mental, cognitive or psychiatric impairments. Conversely,
inadequate follow-up may have failed to capture children
making delayed but full recoveries. Studies of grade IV disease
from Australia were over-represented, likely because of the
clinical and academic resources available.

Our study rigorously adhered to the PRISMA checklist
and used robust statistical techniques for combining pro-
portion data. It was innovative in approaching a bilingual
dataset. Finally, this study is based on observational data
from clinical setting making it valuable for prognostication.
This is helped by the outcome measures of survival with
sequelae or death that a clinician can use at the point of
discharge.

There were some limitations to this study. Chinese studies
were not included in the text review and no dedicated grey
literature search was performed in Chinese. The time between
literature search and publication was significant due to the
bilingual and multinational methodology.

5. Conclusion

This systematic review and meta analysis demonstrates a
substantial burden of long-term sequelae and death following
acute severe HFMD associated with EV-A71 in East Asia. The
authors propose a research agenda in order to discover the
true burden of this neurotropic disease, including an urgent
call for studies specifically designed to prospectively follow-
up survivors with regular, validated assessment.

Panel 1: research & policy recommendations

e Well-designed and reported prospective studies of the
morbidity burden of severe HFMD. Basic patient de-
mographics should be collected and assessed in rela-
tion to outcomes. Patients should be assessed at
discharge, and follow-up should continue serially until
at least school age. Neurological, developmental,
cognitive and psychiatric outcomes should be assessed
using standardised tools with comparative control
groups

e RCTs of vaccinations and therapies for severe disease

should adhere to the principles outlined above

including long-term side effects of interventions e.g.

ECMO

Patients with grade IIb-III disease are potentially amenable

to intervention to limit progression. Grade III requires

better identification with non-invasive monitoring.

MRI in the acute setting may be of prognostic value.

Assessment of seizures in this group are limited and

subclinical seizures may impact prognosis, evaluation

using electroencephalography (EEG) possibly required.

e Associations between immunopathological syndromes,

HFMD and long-term sequelae are weak and require

exploration

Pathophysiology including aetiological agents, mechanism of

neuronal invasion causing CPF, secondary autoimmune ef-

fects requires further study and would allow the assess-
ment of candidate preventative, neuroprotective and
supportive therapies. Animal models are needed.

e Genome-wide association studies and prospective observa-

tional studies publishing individual data could provide

valuable information of the interplay between host
factors (e.g. genetic variants associated with poor
outcomes, age, and gender) and disease phenotype.

Cost-benefit analysis (including QALY/DALY calculations)

of long-term interventions in these patients could facilitate

the distribution of health resources.
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