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Introduction

In the wake of an outbreak of hand, foot and mouth
disease in Sarawakl

, Peninsular Malaysia experienced a
similar outbreak in 1997 with 4,625 admissions reported
between 2nd June 1997 to 3rd January 1998. The
distribution of reported cases admitted to hospitals in
the various states is as follows: Perak (633 cases),
Kedah (599 cases), Federal Territory (567 cases),
Penang (533 cases), Pahang (492 cases), Johore (481
cases), Selangor (430 cases), Kelantan (340 cases),
Trengganu (236 cases), Negri Sembilan (172 cases),
Malacca (121 cases), and Pedis (20 cases).

The first death during this outbreak occurred on 6 July
1997 in the state of Selangor, followed by 10 more
deaths in the other states comprising Kedah (2), Penang
(2), Selangor (2), Kuala Lumpur (2), Johore (1), Malacca
(1), over a period of 6 months. Four of the fatal cases
were below 2 years of age while 7 were between 2 to
5 years of age. These comprised of 7 Chinese, 2
Malays, 1 Indian and 1 Sikh.

The following is a description of the clinical and
pathological features of those 11 fatalities encountered
in Peninsular Malaysia.

Materials and Methods

Following recognition in Sarawak in mid-1997 I.', of a
cluster of sudden deaths in children attributable to
acute left-ventricular failure often concurrently
presenting with hand, foot and mouth lesions, aseptic
meningitis and/or acute flaccid paralysis/paresis, all
health-care centres throughout Peninsular Malaysia
were put on high alert to recognize and report similar
presentations.

Children who had the following clinical features were
included as "cases": (a) brief febrile illness rapidly
deteriorating to refractory shock of an apparent cardiac
origin; (b) severely depressed myocardial contractility
on echocardiography; (c) poor tolerance of
conservative fluid boluses; and, (d) clinical and/or
radiographic evidence of pulmonary oedema, with or
without evidence of hand, foot and mouth lesions,
aseptic meningitis and/or acute flaccid
paralysis/paresis, in the absence of other causes that
may explain these manifestations (such as bacterial
septicaemia, dengue fever and Japanese encephalitis).

Two reviewers independently abstracted information
from medical records using a standard data-collection
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form. This information along with results of
pathological, microbiological and laboratory studies
was subsequently reviewed by an Outbreak Study
Group to identify those children who definitively
fulfilled the case-definition.

Autopsy examinations were performed in 8 of the
deceased patients at hospitals in Peninsular Malaysia,
while percutaneous tru-cut myocardial biopsies were
obtained in 3. The histopathological slides made were
subsequently reviewed by a senior pathologist (LLM) at
the University Hospital in Kuala Lumpur. Tissue
specimens, and samples of stool, cerebrospinal fluid
(CSF), throat and rectal swabs, vesicle fluid from hand
and foot lesions and sera were inoculated into HEp 2
and Vero cell lines. Agents inducing cytopathogenic
effects in these cultures were then characterised by
agent-specific antigen detection, virus neutralization or
polymerase-chain reaction (PCR). Reference
laboratories processing specimens for virological
investigations included those at the Institute for Medical
Research in Kuala Lumpur and the University of
Malaya.

Results

Demographic Characteristics
Eleven patients fulfilled the case-definition. Their
median age was 31 months (mean, 33 months; range 13
to 49 months). Seven (64%) of the 11 case-patients
were males. Two-thirds (66%) of the children were
Chinese; the rest were Malay (2), Indian (1) and Sikh
(1). Three children (27%) were from the state of
Selangor; 2 each were from Kuala Lumpur, Kedah and
Penang and 1 each from Malacca and Johore. All these
states are on the West coast of Peninsular M;alaysia.

Clinical Presentation
Following a brief prodromal illness of a median
duration of three days (range, 2 to 5 days), that often
consisted of fever (100%), oral ulcers (72%), extremity
rashes (45%) and significant vomiting with poor oral
intake (55%), several of these children C7 case-patients,
63%) were hospitalized with features suggesting shock
(see Table 0. Four other case-patients deterk;rated to
refractory shock at some point during hospitalization.

Shock, noted in the 7 case-patients on admission, was
characterized by marked and sustained tachycardia out
of proportion to the associated fever (median axillary
temperatures 38°C; range 37.3 to 38.3). Heart rates
(sinus tachycardia) consistently exceeded 180/min
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(median 20S/min, range 180 to 220) associated with
poor distal capillary refill (exceeding 2 seconds), weak
peripheral pulses, and skin mottling. Conservative
crystalloid fluid boluses 00 to 20 ml/kg) were poorly
tolerated and resulted in increasing respiratory distress
with lung crackles. Echocardiographic examinations
(all 7 case-patients examined) revealed markedly
depressed left-ventricular contractility, the left ventricle
appearing dilated and globular. Lung crackles were
noted in 4 of the 7 case-patients presenting with shock
on admission, while hemorrhagic pulmonary secretions
suggesting pulmonary oedema were noted in 8 of 11
(72%) case-patients during tracheal intubation. Chest
radiographs suggested acute pulmonary oedema in S of
the 7 (71%) case-patients, while 2 other chest
radiographs suggested pneumonitis.

Case-patients were also noted to have oral ulcers (63%)
and palmoplantar rashes (36%) on admission; extremity
rashes consisted of scanty papular or papulovesicular
lesions that often needed to be actively sought for.
Neurological features were not prominent on
admission; notably one child presented with flaccid
areflexic paraparesis while vomiting was a significant
prodromal symptom. No other clinical findings of note
were recorded (Table II). All case-patients were
previously well, with age-appropriate development,
nutrition and immunization status.

Laboratory findings were notable for neutrophilic
leucocytosis (4 of 6 case-patients; median 20,6S7/f,lL;
range 10, 900 to 3S,100 with neutrophils forming S2%
to 88% of leucocytes); thrombocytosis (2 of 7 case
patients, exceeding SOO,OOO/f,lL) and sterile
cerebrospinal fluid (CSF) with a predominance of
lymphocytic pleocytosis (3 of 4 CSFs sampled). Results
of coagulation screening, electrolyte levels and renal
and hepatic function indices were often normal; mildly
deranged blood urea and creatinine values were seen
in 3 of 11 case-patients probably indicating moderate
dehydration following prodromal vomiting in these
patients. Bacteriological cultures of blood (9 case
patients tested) and CSF (S children tested) were sterile.
Levels of creatine kinase and lactate dehydrogenase as
surrogate markers of myocardial injury were not
significantly elevated (Table III).

Clinical Course
While 7 case-patients presented with overt shock, 4
other children deteriorated to refractory shock at some
point during hospitalization (mean time, 4 hours). All
4 had sustained moderate sinus tachycardia (heart rates
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120 to ISO/minute) and were generally noted to be
lethargic, unwell and mildly to moderately dehydrated
(3 of 4 case-patients); one presented with flaccid,
areflexic paraparesis.

Ten children subsequently required assisted ventilation
for worsening respiratory distress; one case-patient
developed sudden cardiac arrest prior to initiating
ventilatory support. Eight of the 10 children ventilated
had frothy hemorrhagic secretions during tracheal
intubation. Ventilatory support involved moderately
high settings with median peak inspiratory pressure of
28 mm Hg; (range 24 to 44 mm Hg), ventilator rate of
60 breaths/minute; (range 30 to 7S/min), positive end
expiratory pressure of 8 mm Hg; (range 6 to 14 mm Hg)
and fraction of inspired oxygen of 0.8. (range 0.4 to
1.0). Two patients developed brief generalized tonic
clonic seizures at some point during hospitalization.
Three patients had CSF findings suggestive of aseptic
meninigitis.

Despite assisted ventilation and supportive therapy
comprising of inotropes [intravenous infusions of
dobutamine OS to 20 meg/kg/minute, 10 of 11 case
patients), dopamine (S to 20 meg/kg/minute, 7 of 11
case-patients), Epinephrine (0.5 to 2 meg/kg/minute, 3
of 11 case-patients), amrinone (loading dose of 7S0
mg/kg, followed by infusion of S to 10 meg/kg/minute,
2 case-patients)], fluid restriction (half to two-thirds
maintenance), diuretics and empirical intravenous
immunoglobulin (single infusion doses, median Ig/kg,
range 0.4 to 2 g/kg, 6 of 11 case-patients), cardiac arrest
occurred within a median of 13.4 hours (range 0.8 to 28
hours), usually after a period of refractory bradycardia
and hypotension. Cardiac dysrhythmia (refractory
supraventricular tachycardia) preceding cardiac arrest
was noted in one case-patient.

Pathological findings
Complete autopsy examinations were performed in 8
case-patients while 3 others had postmortem
percutaneous tru-cut myocardial biopsies. Sections of
the brain-stem consistently (8 of 8 examined) showed
perivascular cuffing by lymphocytes and patchy
neuronal degeneration often associated with
microabscess formation. Cerebral cortical oedema and
congestion, and meningeal inflammation were also
noted in all cases with central nervous system tissues
examined. Cervical cord myelitis was noted in 4 of 6
cases examined. Histological examination of all
myocardial tissues (8 autopsies and 3 tru-cut biopsies)
revealed patchy non-specific myocyte degeneration
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(myocytolysis) without necrosis but no evidence of
myocarditis was detected. Sections of the lungs
revealed congestion, diffuse alveolar damage with
oedema and occasional hyaline membranes and scanty
inflammatory infiltrates. The liver, adrenals and
kidneys were essentially normal except for passive
congestion.

Virological findings
Enterovirus 71 was isolated either by culture in Vero
cell lines (after incubation for 5 days) or identified by

the polymerase chain reaction (PCR) (CDC EV71
primers) in 10 of 11 case-patients; 7 of 10 isolates
(culture/PCR) were from sterile tissue sites while three
other isolates (culture/PCR) were from throat and rectal
swabs. Five of 7 sterile-tissue site isolates were from
central nervous tissues; one each was isolated from the
heart and lung tissues.

No other viruses were isolated by culture or identified
by PCR in various specimens submitted for virologic
studies.

Symptoms

Table I: Symptoms of the 11 case-patients at presentation to hospital
No. of patients (%)

Fever
Oral ulcers
Extremity rashes
Vomiting
Cough or 'colds'
Limb weakness or paralysis
Diarrhea
Seizures

11 (l00)
8 (72)

5 (45)
6 (55)
3 (27)
1 (9)
1 (9)

Nil

Table II: Findings on physical examination in the 11 case-patients at time of admission
Sign No. with data No. (%) of patients Median (range)
Temperature (;;" 37°C) 6 6 (l00) 38 (37.3 - 38.3)
Skin mottling 5 4 (80) -

Weak peripheral pulses 6 4 (67) -

Oral ulcers 11 7 (63) -
Capillary refill> 2 seconds 10 6 (60) -

Heart rate;;" 180 beats per minute 10 6 (60) 170 (120 - 224)
Respiratory rate;;" 40 /minute 4 2 (50) 50 (20 - 60)
Lung crackles/rales 9 4 (44) -

Extremity rashes 11 4 (36) -

Weakness of one or more limbs 11 1 (9) -
Mean arterial pressure (mm Hg) 7 - 65 (0 - 86.5)

300 Med J Malaysia Vol 60 No 3 August 2005



Deaths in Children During an Outbreak of Hand, Foot and Mouth Disease in Peninsular Malaysia

Table III: Results of laboratory studies of the 11 case-patients during hospitalisation
Sian No. with data No. (%) of patients Median (range)
Hematological
White cells- x 1031 mm3 7 20.6 10.9-35.1
Polymorphonuclear cells--% 6 61 52 - 88
Hematocrit-- % 8 38 29 - 44
Platelets -- x 1031 mm3 7 40.5 20.8 - 64.0
Prothrombin time - seconds 2 14.0 ...
Partial thromboplastin time - sec 2 37 ...
Electrolytes and serum chemistry
Sodium - mmol! L 9 134 128 - 140
Potassium - mmol I L 9 4.6 3.8- 6.6
Chloride - mmol I L 1 99 ...
Calcium - mmol IL 2 2.7 ...
Glucose - mmol IL 3 10.8 9.04 - 13.6
Blood Urea - mmol IL 9 6.25 2.7 - 11.3
Creatinine - micromol IL 3 77.3 43 - 106
Creatine kinase --- IU IL 8 226 81 - 562
Lactate dehydrogenase - lUI L 6 541 326- 860
Liver function
Alanine aminotransferase - lUlL 5 22.8 8 - 41
Aspartate aminotransferase - lUI L 8 74.8 43 - 33
Alkaline phosphatase - IU I L 2 143 '"

Albumin - g IL 2 40 ...
Total bilirubin - mmol! L 2 16 ...
Cerebrospinal fluid
White cells -- I mm3 4 42 o -113
Lymphocytes -- % 4 45 o -90
Protein - giL 4 0.76 0.08 - 1.1
Glucose - mmol!L 4 5.8 4.7 - 7.8

Discussion

The reported fatalities in Peninsular Malaysia, of
children less than 4 years of age, with a constellation of
unique clinical features suggesting acute severe
progressive refractory myocardial failure following a
brief febrile illness, temporally associated with an
increased observation of hand, foot and mouth disease,
closely parallels the experience in Sarawak and
Taiwan1,2,17-".

The overwhelming myocardial failure masked the more
subtle neurological manifestations as represented by
aseptic meningitis, acute flaccid paralysis and marked
emesis, Significantly, a clinicopathologic discordance
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of acute myocardial failure in the face of an essentially
normal myocardial histology was observed. Autopsy
examinations however, demonstrated a remarkably
uniform pattern of necrotizing inflammation of the
brain-stem. This was coupled with a significant,
consistent and sole isolation/identification of EV 71
from various sterile tissue sites, especially from central
nervous system tissues.

Cumulatively, the weight of evidence favours the
hypothesis of an acute primary EV 71 necrotizing brain
stem encephalitis, in the background of an outbreak of
HFMD, as responsible for the deaths 9,10. The observed
acute myocardial failure and fatalities were probably
mediated through mechanisms akin to neurogenic
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pulmonary oedema 24-34. Though this mechanism has
not been entirely elucidated, neurogenic pulmonary
oedema has been implicated in deaths following bulbar
poliomyelitis, wherein lesions in the dorsal vagal nuclei
and vasomotor centers of the brain-stem were observed
38-41. Pulmonary oedema in these cases was believed to
probably result from massive increases in pulmonary
vascular pressures following intense sympathetic
stimulation or through alterations in pulmonary
vascular endothelial permeability.

Disturbing questions therefore arise regarding HFMD,
hitherto considered a benign seasonal childhood
disease. While outbreaks of EV71 HFMD and non
lethal and fatal central nervous system infections have
been reported 3-1" a fulminant fatal EV71 encephalitis of
this magnitude has been observed elsewhere only in
Sarawak and Taiwan 1,2, 17-23, similarly in the background
of concurrent HFMD outbreaks, The genotype strain
from a non-fatal case in Peninsular Malaysia was
genotype C, which was the main circulating genotype
in Taiwan in 1998; while the genotype strain isolated
from fatal and non-fatal cases in Sarawak was genotype
B 16,*. This suggests the possibility that many strains of
EV71 can cause severe disease,

Of more immediate clinical and practical value
however, would be to examine our ability to reliably
identify children who may potentially deteriorate to
shock, from among those children with typical hand,
foot and mouth lesions in future HFMD outbreaks.
One consistent observation of potential benefit is the
nature of the palmo-plantar lesions in our case
children. In contrast to the florid vesiculopustular
lesions of typical non-fatal HFMD, fatal case-children

often had scanty, papular (some with a suggestion of
vesiculation) lesions that needed to be actively sought
for. Acute flaccid paralysis/paresis, often with
associated aseptic meningitis, appears to be another
alerting presentation. While children with atypical
rashes and/or limb paresis, presenting with protracted
vomiting and associated mild dehydration, and
appearing unwell with sustained moderate tachycardia,
were a subset that often deteriorated acutely to shock,
no reliable early indicators emerged that could
consistently predict deterioration. Ironically however,
even if such indicators were determined, no therapeutic
intervention was identified that could consistently
forestall imminent deterioration to death.
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