
M A J O R A R T I C L E

In Enterovirus 71 Encephalitis With Cardio-
Respiratory Compromise, Elevated Interleukin
1β, Interleukin 1 Receptor Antagonist, and
Granulocyte Colony-Stimulating Factor Levels
Are Markers of Poor Prognosis

Michael J. Griffiths,1,2,a Mong H. Ooi,1,3,4,a,b See C. Wong,3 Anand Mohan,3 Yuwana Podin,4 David Perera,4

Chae H. Chieng,3 Phaik H. Tio,4 Mary J. Cardosa,4 and Tom Solomon1,2

1Brain Infections Group, Department of Clinical Infection, Microbiology and Immunology, Institute of Infection and Global Health, University of
Liverpool, United Kingdom; 2Walton Centre NHS Foundation Trust, Department of Neurology, Fazakerley, Liverpool, United Kingdom; 3Department of
Pediatrics, Sibu Hospital, Sarawak, Malaysia; and 4Institute of Health and Community Medicine, Universiti Malaysia Sarawak, Kota Samarahan,
Malaysia

Background. Enterovirus 71 (EV71) causes large outbreaks of hand, foot, and mouth disease (HFMD), with
severe neurological complications and cardio-respiratory compromise, but the pathogenesis is poorly understood.

Methods. We measured levels of 30 chemokines and cytokines in serum and cerebrospinal fluid (CSF)
samples from Malaysian children hospitalized with EV71 infection (n = 88), comprising uncomplicated HFMD
(n = 47), meningitis (n = 8), acute flaccid paralysis (n = 1), encephalitis (n = 21), and encephalitis with cardio-
respiratory compromise (n = 11). Four of the latter patients died.

Results. Both pro-inflammatory and anti-inflammatory mediator levels were elevated, with different patterns
of mediator abundance in the CSF and vascular compartments. Serum concentrations of interleukin 1β (IL-1β),
interleukin 1 receptor antagonist (IL-1Ra), and granulocyte colony-stimulating factor (G-CSF) were raised signifi-
cantly in patients who developed cardio-respiratory compromise (P = .013, P = .004, and P < .001, respectively).
Serum IL-1Ra and G-CSF levels were also significantly elevated in patients who died, with a serum G-CSF to
interleukin 5 ratio of >100 at admission being the most accurate prognostic marker for death (P < .001; accuracy,
85.5%; sensitivity, 100%; specificity, 84.7%).

Conclusions. Given that IL-1β has a negative inotropic action on the heart, and that both its natural antago-
nist, IL-1Ra, and G-CSF are being assessed as treatments for acute cardiac impairment, the findings suggest we
have identified functional markers of EV71-related cardiac dysfunction and potential treatment options.

Enterovirus 71 (EV71) is found globally, but since the
mid-1990s, it has become a major public health

problem in the Asia-Pacific region, causing large out-
breaks of hand, foot, and mouth disease (HFMD),
which may be complicated by aseptic meningitis, en-
cephalitis, fulminant cardio-respiratory failure, and
sudden death [1]. Fatal cases are characterized by neu-
rological involvement, with myoclonus, cerebrospinal
fluid (CSF) pleocytosis, brainstem lesions on magnetic
resonance imaging, and cardio-respiratory compromise;
this manifests as poor peripheral perfusion, reduced
cardiac contractility on echocardiography, and pulmo-
nary congestion on chest x-ray radiograph [2].

The mechanisms underlying cardio-respiratory
compromise in EV71 infection remain unclear.
Because it is associated with brainstem encephalitis,

Received 2 October 2011; accepted 17 February 2012; electronically published
24 July 2012.

aThese authors contributed equally.
bM. H. O. has moved to Department of Pediatrics, Sarawak General Hospital,

93586 Kuching, Sarawak, Malaysia. MJC has moved to Sentinext Therapeutics,
10050 Penang, Malaysia.

Correspondence: Michael John Griffiths, Brain Infections Group, Department of
Clinical Infection, Microbiology and Immunology, Institute of Infection and Global
Health, Apex Building, West Derby Street, University of Liverpool, Liverpool, L69
7BE, United Kingdom (griffmj@liv.ac.uk).

The Journal of Infectious Diseases 2012;206:881–92
© The Author 2012. Published by Oxford University Press on behalf of the Infectious
Diseases Society of America. All rights reserved. For Permissions, please e-mail:
journals.permissions@oup.com.
DOI: 10.1093/infdis/jis446

Cytokine Response to Enterovirus 71 • JID 2012:206 (15 September) • 881

 at U
N

IV
E

R
SIT

I M
A

L
A

Y
SIA

 SA
R

A
W

A
K

 on June 16, 2013
http://jid.oxfordjournals.org/

D
ow

nloaded from
 

mailto:griffmj@liv.ac.uk
http://jid.oxfordjournals.org/

