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Research

An outbreak of enterovirus 71 infection
in metropolitan Sydney: enhanced
surveillance and lessons learnt

nterovirus infections, although

commonly asymptomatic, may

also be associated with a wide
range of clinical diseases includ-
ing hand, foot and mouth disease
(HFMD), herpangina, aseptic men-
ingitis and acute flaccid paralysis.!
Transmission of enteroviruses can oc-
cur directly by the faecal-oral route,
from contaminated environmental
sources, or by respiratory droplet
transmission.!

Human enterovirus 71 (EV71) is
a major cause of HFMD worldwide
and, in the past 15 years, has caused
large outbreaks in South-East Asia as-
sociated with severe neurological dis-
ease and deaths.? Patients with severe
and fatal cases of EV71 infection have
usually been diagnosed with menin-
gitis, encephalomyelitis or brainstem
encephalitis associated with systemic
features such as cardiopulmonary
compromise and myocarditis.34
Large outbreaks of EV71 infection
have been reported in Victoria (1986),
Perth (1999) and Sydney (2000-2001),
and all outbreaks included cases of
patients with severe neurological dis-
ease.>” Enterovirus infections (apart
from poliomyelitis) are not notifiable
in New South Wales.

In early March 2013, paediatricians
practising in the northern beaches
area of Sydney alerted their public
health unit (PHU) to an increase in
the number of young children pre-
senting with severe neurological
manifestations of enterovirus infec-
tion. The Sydney Children’s Hospital
in the Sydney suburb of Randwick
confirmed EV71 infection in two of
these cases and suspected infection
in others. The PHU interviewed par-
ents of 16 children with suspected
cases, but identified no point sources
of infection. The PHU issued alerts
to clinicians and the local com-
munity, and the Sydney Children’s
Hospitals Network circulated advice
to clinical staff on diagnosing and
managing patients with suspected

Objective: To report the findings of the enhanced surveillance set up in New
South Wales in response to the recent outbreak of human enterovirus 71 (EV71)

infection.

Design and setting: A two-armed enhanced public health surveillance system
including statewide emergency department surveillance and clinical surveillance
at the Sydney Children’s Hospitals Network.

Participants: Children aged less than 10 years with suspected or confirmed

enterovirus infection.

Main outcome measures: Epidemiology of the outbreak, including weekly case
counts, demographic information, geographic spread of the outbreak, and

clinical presentation and progression.

Results: Statewide weekly case counts indicate that an epidemic of EV71
infection occurred in NSW from December 2012 until May 2013. Around 119
children were reported with disease severe enough to warrant admission to a
tertiary Sydney children’s hospital. Cases were spread throughout the Sydney
metropolitan area and there is some evidence of geographic migration of the
outbreak. Presenting features included fever, lethargy, myoclonus and skin rash.
Only 24% of cases presented with classical hand, foot and mouth disease.

Conclusions: EV71 infection is likely to continue to be a public health problem in
Australia. Surveillance of routinely collected emergency department data can
provide a useful indication of its activity in the community.

neurological complications of entero-
virus infection.

Also in March 2013, New South
Wales Health issued a statewide
media release and alerts to general
practitioners, emergency depart-
ments (EDs), paediatricians and
neurologists, and established an en-
hanced surveillance system focusing
on children with severe enterovirus
infection. The aims of this surveil-
lance were to describe the extent of
the outbreak and the clinical features
of cases to aid in their identification
and management. Here, we report
on the findings of this surveillance.

The enhanced enterovirus surveil-
lance system had two arms. The first
used the existing NSW Public Health
Real-time Emergency Department
Surveillance System (PHREDSS) to
monitor ED presentations and admis-
sions from 14 April to 2 June 2013 of
children aged less than 10 years with
a provisional diagnosis of HFMD or
“meningitis or encephalitis”. The re-
sulting data were compared with his-
torical data retrospectively available

MJA 201 (11) - 15 December 2014

from PHREDSS, which collects infor-
mation on all visits to 59 NSW EDs,
and includes about 84% of ED activity
in the state.8

The second arm was enhanced sur-
veillance established at the Sydney
Children’s Hospitals Network
(Sydney Children’s Hospital at
Randwick and The Children’s
Hospital at Westmead). Cases were
defined as children aged under 10
years admitted from 1 January to
2 June 2013 with suspected or con-
firmed enterovirus infections and
with neurological diagnoses (men-
ingitis, encephalitis, meningoen-
cephalitis, acute flaccid paralysis or
transverse myelitis).

Cases of suspected EV71 infection
for the period 1 January to 13 April
2013 were identified retrospectively
through review of daily hospital ad-
mission lists. Only demographic and
laboratory testing data were collected
for these patients.

From 14 April to 2 June 2013, hos-
pital admission lists were reviewed
daily by designated clinical staff.
Clinical features, treatment and fi-
nal diagnosis were gathered for all
suspected cases of EV71 infection.
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1 Total weekly counts of emergency department presentations (A) and admissions (B) for hand, foot and
mouth disease, and emergency department presentations (C) and admissions (D) for “meningitis or
encephalitis” for children aged less than 10 years at 59 New South Wales hospitals — 2013 up to 2 June
(black line) compared with each of the 5 previous years
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Respiratory, stool and /or cerebrospi-
nal fluid samples were tested for en-
terovirus with standard nucleic acid ~ Presentations to EDs for HFMD in
test kits. A subset of samples that children aged under 10 years began to
tested positive were referred to either ~ rise in February 2013, peaked in late
of the two state enterovirus reference ~ March, then remained above the usu-
laboratories for EV71 typing. Both  al range through to June (Box 1, A).
suspected and confirmed cases were  This was temporally associated with
included in the analysis. Presence of ~ asharp rise in the number of children
the virus in samples from non-sterile ~ with HFMD who required hospital
sites might indicate coincidental car- admission (Box 1, B). Presentations
riage, but in samples from sterile sites, to EDs for HFMD also rose in the
the viral load is often low.9-11 final quarter of 2011, but without
MJA 201 (11) - 15 December 2014

an increase in resulting admissions,
indicating that the outbreak of 2013
may have been associated with more
severe illness.

The number of ED presentations
of children with “meningitis and en-
cephalitis” began to increase in mid
November 2012 and remained above
the usual range until June 2013 (Box 1,
C). Most of these children were ad-
mitted, consistent with historical
trends (Box 1, D).

Between 1 January and 2 June 2013,
119 cases of suspected EV71 infec-
tion were identified in the Sydney
Children’s Hospitals Network.
Suspected cases were evenly dis-
tributed between the two hospitals
(53% at Sydney Children’s Hospital at
Randwick and 47% at The Children’s
Hospital at Westmead). The medi-
an age of infected children was 19
months (range, 1 month to 10 years)
and 47% were female.

The weekly number of suspected
cases rose sharply at the beginning of
March 2013, and peaked at 20 cases in
the final week of that month (Box 2).
A second, smaller rise was noted in
late April and May 2013.

Although cases of suspected EV71
infection were widely spread with-
in the Sydney metropolitan area,
Sydney’s northern beaches, central
parts of Western Sydney and the
eastern suburbs experienced more
intense activity. Most suspected cases
in the March 2013 peak came from the
coastal areas of Sydney, particularly
the northern beaches and eastern
suburbs. During April and May, the
number of suspected cases coming
from the eastern suburbs remained
stable, while the numbers from
western Sydney increased and from
Sydney’s northern beaches declined
sharply.

Case forms were completed for
all 50 children with suspected EV71
infection who presented between 14
April and 2 June 2013. The most com-
mon presenting clinical features were
fever (47 children), lethargy (30 chil-
dren), myoclonic jerks (22 children)
and skin rash (21 children) (Box 3).
Only 12 children (24%) presented
with signs or symptoms of HFMD.
The average length of hospital stay
was 4.2 days. Five of the 50 children
were admitted to an intensive care
unit (ICU) and three of these required



intubation. The average length of stay
in the ICU was 2.4 days. Two children
with suspected EV71 infection were
treated with intravenous immuno-
globulin and six received corticoster-
oids. The most common diagnoses at
discharge were meningitis (15 chil-
dren), encephalomyelitis (10 chil-
dren), myoclonus (seven children)
and viral meningitis (six children).

Of the 50 children with suspected
EV71 infections and completed case
forms, 45 tested positive for entero-
virus. Infections were typed for 37 of
these, and 18 cases were confirmed to
be EV71. Other enteroviruses identi-
fied included coxsackieviruses (11
children) and echoviruses (four
children). Two children had both
EV71 and a coxsackievirus, and
two had both coxsackieviruses and
echoviruses.

EV71 emerged as an important cause
of severe neurological disease in
young Sydney children during the
first half of 2013. Activity peaked
in March 2013. The focus of the out-
break moved from Sydney’s north-
ern beaches area to its eastern and
western suburbs over several weeks.
Myoclonic jerks were a relatively
common feature of severe infection.

A number of countries in Asia have
implemented HFMD surveillance
programs in the past 15 years.212
HFMD and enterovirus infection
are not notifiable diseases in NSW,
as most infections are asymptomatic
or mild, and many patients are un-
likely to see a doctor. This means
that notification does not provide
a mechanism for developing mean-
ingful patient-based interventions to
interrupt transmission. Population-
based disease-control measures focus
instead on personal hygiene and sani-
tation. The effect of social-distancing
measures, including the closure of
childcare facilities,!? has been ques-
tioned given the limited evidence
for its efficacy, the unquantified but
likely substantial socioeconomic
costs, and the risk of prolonging the
epidemic.!

Two previous studies have sug-
gested that EV71 epidemic activity
has followed the introduction of cir-
culating genotypes from Asia into

2 Weekly number of children aged less than 10 years admitted to the Sydney Children’s Hospitals
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Network between 1January and 2 June 2013 with clinical features of meningitis, encephalitis,

meningoencephalitis, acute flaccid paralysis or transverse myelitis and suspected or confirmed

enterovirus infection
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3 Reported presenting clinical features for suspected or confirmed cases of
enterovirus 71 infection in children aged less than 10 years admitted to the
Sydney Children’s Hospitals Network, 14 April to 2 June 2013
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Urinary retention

Rapid deterioration

Limb weakness
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Depressed or altered level of consciousness
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Tachycardia
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Ataxia, tremors
Encephalopathy

[ 14%
[ 14%
[ 16%
[ 16%
1 18%
] 20%
T 24%
T 29%
T 29%

Skin rash
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Myaoclonic jerks
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Lethargy
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Fever or history of fever
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Australia.'#!5 EV71 was detected in
samples from five patients with acute
flaccid paralysis and other patients
with suspected enterovirus infec-
tions in early 2013, and phylogenetic
analysis showed homology with the
EV71 C4a subgenogroup circulating
in Asia, which was associated with
severe neurological complications.6

Our report has important limita-
tions. First, the use of syndromic ED
surveillance has uncertain sensitivity
and specificity for enterovirus infec-
tions. The positive predictive value of
syndromic diagnoses would, howev-
er, be expected to rise during recog-
nised outbreaks. Second, enhanced
surveillance focused on two sentinel
children’s hospitals. Other infected
patients are likely to have presented
to other hospitals in and outside
Sydney. Third, before enhanced

15 20 25 30 35 40 45 50
Number of admissions

surveillance, further typing of sam-
ples testing positive for enterovirus
was not routine practice, so many
samples collected between 1 January
and 14 April were not typed. Fourth,
our description of suspected cases
included some patients who were not
confirmed to have EV71 infection, so
may not truly represent the severe
outcomes of the infection.

The continued escalation of EV71
epidemics in Asia, and evidence of
the introduction of the EV71 strain
into Australia from Asia suggest
that enterovirus may continue to be
a public health problem here. The
results of a Phase III clinical trial of
a vaccine were recently published,!”
but vaccines have limitations.'® Other
vaccines are being developed, and
perhaps EV71 will become vaccine-
preventable. The use of routinely
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collected ED data appears to be a use-
ful and efficient method for monitor-
ing enterovirus infections, including
the more severe outcomes associated
with EV71 epidemics.®

Acknowledgements: We acknowledge the Enterovirus
71 surveillance expert group, comprising Robert Booy,
Dominic Dwyer, Brad Forssman, Cheryl Jones, Ken McPhie,
Bill Rawlinson and Bruce Thorley. Philip Britton receives
funding from Sydney Medical School and the Arkhadia
Fund as Dean’s Fellow/Norah Theresa Hayes-Ratcliffe
Paediatric Infectious Diseases PhD Lecturer. This work
was completed while Alexis Zander was employed by
the NSW Public Health Officer Training Program, funded
by the NSW Ministry of Health. She undertook this work
while based at Health Protection NSW.

Competing interests: No relevant disclosures.

Received 3 Jan 2014, accepted 6 May 2014.

1 Solomon T, Lewthwaite P, Perera D, et al.
Virology, epidemiology, pathogenesis, and
control of enterovirus 71. Lancet Infect Dis 2010;
10:778-790.

2 World Health Organization. Emerging disease
surveillance and response. A guide to clinical
management and public health response
for hand, foot and mouth disease (HFMD).
Geneva: WHO, 2011. http://www.wpro.who.
int/entity/emerging_diseases/documents/
HFMDGuidance/en/index.html (accessed May
2014).

3 ChanLG, Parashar UD, Lye MS, et al. Deaths of
children during an outbreak of hand, foot, and
mouth disease in Sarawak, Malaysia: clinical

MJA 201 (11) - 15 December 2014

6

and pathological characteristics of the disease.
Clin Infect Dis 2000; 31: 678-683.

Pérez-Vélez CM, Anderson MS, Robinson CC, et
al. Outbreak of neurologic enterovirus type 71
disease: a diagnostic challenge. Clin Infect Dis
2007; 45:950-957.

Gilbert GL, Dickson KE, Waters MJ, et al.
Outbreak of enterovirus 71 infection in Victoria,
Australia, with a high incidence of neurologic
involvement. Pediatr Infect Dis J1988; 7: 484-
488.

McMinn P, Stratov |, Nagarajan L, Davis S.
Neurological manifestations of enterovirus
Tlinfection in children during an outbreak of
hand, foot, and mouth disease in Western
Australia. Clin Infect Dis 2001; 32: 236-242.

Nolan MA, Craig ME, Lahra MM, et al. Survival
after pulmonary edema due to enterovirus 71
encephalitis. Neurology 2003; 60: 1651-1656.

Muscatello DJ, Churches T, Kaldor J, et al. An
automated, broad-based, near real-time public
health surveillance system using presentations
to hospital emergency departmentsin New
South Wales, Australia. BMC Public Health
2005;5:141.

0oi MH, Wong SC, Lewthwaite P, et al. Clinical
features, diagnosis, and management of
enterovirus 71. Lancet Neurol 2010; 9:1097-1105.

0oi MH, Solomon T, Podin Y, et al. Evaluation of
different clinical sample types in diagnosis of
human enterovirus 71-associated hand-foot-
and-mouth disease. J Clin Microbiol 2007; 45:
1858-1866.

ChangLY, Lin TY, Hsu KH, et al. Clinical features
and risk factors of pulmonary oedema after

14

15

16

18

enterovirus-71-related hand, foot, and mouth
disease. Lancet 1999; 354:1682-1686.

McMinn PC. An overview of the evolution of
enterovirus 71and its clinical and public health
significance. FEMS Microbiol Rev 2002; 26:
91-107.

Ang LW, Koh BK, Chan KP, et al. Epidemiology
and control of hand, foot and mouth disease in
Singapore, 2001-2007. Ann Acad Med Singapore
2009; 38:106-112.

Sanders SA, Herrero LJ, McPhie K, et al.
Molecular epidemiology of enterovirus 71 over
two decades in an Australian urban community.
Arch Virol 2006; 151:1003-1013.

McMinn P, Lindsay K, Perera D, et al.
Phylogenetic analysis of enterovirus 71 strains
isolated during linked epidemics in Malaysia,
Singapore, and Western Australia. J Virol 2007,
75:7732-7738.

Raberts J, Thorley B. Human enterovirus 71 -
Australia: sub-genogroup C4A, acute flaccid
paralysis. International Society for Infectious
Diseases ProMED-mail [Internet] 2013; 26 May.
Archive Number: 20130526.1738087. hhttp://
promedmail.chip.org/pipermail/promed-
edr/2013-May/0005009.html (accessed Jun
2013).

Zhu FC, Meng FY, Li JX, et al. Efficacy, safety,
and immunology of aninactivated alum-
adjuvant enterovirus 71 vaccine in childrenin
China: a multicentre, randomised, double-blind,
placebo-controlled, phase 3 trial. Lancet 2013;
381:2024-2032.

Crawford NW, Graham SM. EV71vaccine:
protection from a previously neglected disease.
Lancet 2013; 381:1968-1970. a



