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Introduction

Enterovirus 71 (EV71) infections have been a public
health priority in the Asia-Pacific region since 1998
when a major outbreak of hand, foot and mouth
disease (HFMD) and herpangina due to EV71
occurred in Taiwan involving 129,106 cases and 78
deaths'. In 2006, Malaysia also experienced a large
scale EV71 HFMD outbreak, involving at least
13,800 cases and 13 deaths®. Fatal cases in both the
Taiwan and Malaysia outbreaks had high rates of
brain stem infection and cardiopulmonary failure®.

Many different viruses including Coxsackies A,
Coxsackies B, Echovirus and Enterovirus 68-71 can
cause HFMD, a clinical syndrome characterized by
fever and vesicular lesions on the hands, feet and
oral mucosa. EV71 is thought to be an important
cause of HFMD though manifestation of EV71 is not
restricted to HFMD. EV71 infection is most often
asymptomatic or mildly symptomatic, but it may
cause acute febrile illness, upper respiratory tract
infection, gastroenteritis, limb weakness,
myocarditis and/or pericarditis, brain stem infection
and other illnesses*®.

EV71 was first identified in Thailand in 1998 by
positive serology at Sukhothai Province and HFMD
was included as a notifiable disease in national
surveillance in 2001. Severe HFMD cases, those
requiring hospitalization or fatal cases, require
investigations that include viral isolation. EV71 was
the major cause of HFMD in Thailand between 1998
— 2003 (Table 1), but the yield of EV71 isolation was
low (16.7%) compared to other Asian countries®®,

Table 1. EV71 isolated in cases of hand, foot and mouth disease in
Thailand, 1998-2003

Viral Isolation or Serology*

Year Number of Cases positive for EV71 (%)
1998 27 2(7.4)
1999 43 3(7.0)
2000 186 12 (6.5)
2001+ 340 93 (27.4)
2002 420 53 (12.6)
2003 125 28 (22.4)
Total 1,141 191 (16.7)

* Serology was tested for EV71 only in paired serum
T HFMD becomes a notifiable disease in Thailand

In July 2006, the Thai Bureau of Epidemiology was
notified of a cluster of four pediatric deaths
occurring within a three-day period in non-
contiguous districts of Nakhorn Ratchasima
Province. The children all had clinical presentations
compatible with enterovirus infection. We conducted
an outbreak investigation to determine the etiology
of infection and to identify any additional cases in
the community.

Methods

We reviewed both outpatient and inpatient medical
records for each of the four fatal cases. The data
obtained from the medical records were reviewed by
a team of experts including an infectious disease
pediatrician, a field epidemiologist, a microbiologist,
and a sanitarian. In districts A and B in Nakhorn
Ratchasima Province, we conducted active case
finding with village health volunteers in the two
villages from each district in which cases occurred.
We used a structured questionnaire and conducted
the interviews before specimen collection.

The definition of a probable EV71 case was a child
younger than 15 years old who developed fever (body
temperature > 38.0°C) and/or HFMD, or a case of
HFMD reported from the district hospital, during 5
Jul to 5 Aug 2006.

A confirmed case was a probable case with
laboratory confirmation by at least one of the
methods: positive viral isolation by cell culture of
EV71, PCR confirmed EV71, fourfold rising of EV71
IgG in acute and convalescent phase serology, and
electron microscope evidence of viral-like particle
infiltration of the autopsy tissue compatible with
enterovirus species and epidemiological linkage with
a confirmed case.

The laboratory investigation included viral isolation
and PCR from stool specimens, throat swabs and
nasopharyngeal swabs. We tested acute and
convalescent sera with a microneutralization
antibody assay for IgG antibody to EV71. Nucleotide
sequencing was performed on EV71 isolates. With
electron  microscopy, formalin-fixed autopsy
specimens of brain, heart and lung tissue were
scanned to identify pathogen infiltration.

Results

Through active case finding, we identified an
additional eight confirmed and 30 probable cases.
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Table 2. Characteristics of patients identified through active case
finding, Nakhorn Ratchasima Province, Thailand, 2006 (N=24)

Disease District A District B

N (%) N (%)

HFMD 12 (50) 0(0)
Febrile illness 11 (46) 14 (100)

Twelve were diagnosed with HFMD, clinical
characteristics of cases found through active case
finding in table 2. The epi-curve is presented in
figure 1. Most cases occurred in district A.
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Figure 1. Epidemic curve of probable and confirmed cases of EV71
infection, Nakhorn Ratchasima Province, Thailand, 2006 (N = 42)

Four out of 42 total cases were fatal (case fatality
proportion 9.5%). None of the four fatal cases were
diagnosed with HFMD. Clinical and demographic
details of the fatal cases are presented in table 3.

Table 3. Demographic, laboratory and clinical characteristics of
two fatal confirmed, and two fatal probable cases of EV71,
Nakhorn Ratchasima Province, Thailand, 2006

Characteristic Case 1 Case 2 Case 3 Case 4
Sex Female Male Male Male
Age (months) 4 24 17 39
Village X X Y Z
District A A B B
Onset date 25 Jun 23 Jun 22 Jun 24 Jun
Length of
2
fever (days) 3 34 3
Length of
iliness until 4 3 3 4
died (days)
High grade
fever (39°C) Yes Yes Yes Yes
Acute Yes Yes Yes Yes
dyspnea
URI symptoms  No No No Yes
Gl symptoms Yes Yes Yes Yes
HFMD No No No No
Chest X-ray Pulmonary Pulmonary  Pulmonary  Pulmonary
edema edema edema edema
. . No No No
EV71 isolation . EV71 . .
specimen specimen specimen
Autopsy & ﬁlr:;erowral»
electron . . Not done Not done Not done
microscopy particles in
brain tissue
Case . .
confirmed confirmed probable probable

classification

URI = Upper Respiratory Tract; Gl = Gastrointestinal; HFMD = Hand,
Foot and Mouth Disease

Two of the four fatal cases were laboratory
confirmed and were linked epidemiologically; they

had a history of close contact, i.e., hugging, kissing
and holding each other’s milk bottles.

Electron microscopy of autopsy tissue samples from
fatal case 1, four-month-old female, conducted at the
Department of Microbiology, Faculty of Medicine
Siriraj Hospital, Mahidol University revealed
spherical, non-enveloped, viral-like particles, with
an average diameter of 20 nm. Some of the particles
were in membrane-bound vesicles and some were
scattered in the cytoplasmic matrix (Figure 2).

Figure 2. Electron microscopy of brain tissue from a four-month-
old case of EV71, Department of Microbiology, Faculty of Medicine
and Siriraj Hospital, Mahidol University, Bangkok, Thailand, 2006

No viral particles appeared in the cardiac or lung
tissue. Sequencing of EV71 isolated from fatal Case
2, two-year-old boy, was done at the same facility
and identified the sample as the sub-genogroup
C4:Shenzhen strain (Genbank Locus number:
EF203407), a strain first identified in Mainland
China’.

Five of the 32 probable cases (15.6%) had non-EV71
viruses isolated from their samples because they met
our probable case definition and kept our case
fatality proportion estimate conservative we
included them in our analysis.

Discussion

Fatal EV71 infections are not a new occurrence in
Asia. However, past fatal infections have occurred
within large outbreaks. The case fatality proportions
in the 1998 Taiwan outbreak (0.06%) and the 2006
Malaysia outbreak (0.09%) were dramatically lower
than the 9.5% observed in our investigation. Another
remarkable feature of this outbreak was the absence
of HFMD signs and symptoms in the majority of
cases. Our investigation was limited in geography
(two districts) and in overall scope (42 cases), but if
clusters of fatal EV71 cases persist outside the
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context of large-scale HFMD outbreaks, then a new
epidemiological profile may be emerging for EV71
infection. EV71 Subgroup C4 was first isolated in
China® and has since been isolated in Taiwan'* and
in Japan''. The EV71 C4:Shenzhen strain identified
in our outbreak has not previously been found in
Thailand®. The appearance of this strain led us to
ask relatives of the fatal cases about travel history.

The grandmother of Case 1 traveled to China and
Singapore in May 2006, one month prior to the fatal
events. She had close contact with Case 1 and it is
possible that she was the index C4:Shenzhen strain
infection with asymptomatic disease. After this

outbreak, EV71 was found in other parts of Thailand.

Genogroup C4 was isolated from three children with
severe febrile illness, two of whom died (personal
communication). The significance of the association
between the high case fatality proportion we
observed and this strain is unclear at this time.

This investigation was limited by the low proportion
of cases with laboratory confirmation, present in
only two of the fatal cases. We chose to include
probable cases in our analysis because that provided
the most conservative case fatality proportion
calculation.

Public Health Action and Recommendations

Standard control measures including improvement
of personal hygiene, especially hand washing before
eating and after going to the bathroom, and
encouraging isolation of sick children at home, were
implemented in districts A and B. Pediatricians and
general practitioners in the community were asked
to be aware of possible severe EV71 infection
manifesting without skin lesions.

A new national surveillance system was set up for
pediatric cases of fever and pulmonary edema or
acute respiratory distress syndrome in July 2006'2.
The new system includes a comprehensive review
and investigation of every fatal case and aims to: 1)
describe the magnitude and trends of epidemic,
severe HFMD and non-HFMD fever with pulmonary
edema; 2) identify etiological agent(s) especially
EVT71; 3) identify risk factor(s) of severe case(s); and
4) implement control and prevention measures'Z.
Careful monitoring of the new surveillance system’s
results and ongoing sequencing of EV71 isolates are
necessary to better understand the magnitude of the
danger of EV71 infection in Thailand.
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