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Abstract 

On 7 Aug 2011, a 1-month-old baby with encephalitis caused by unspecified enterovirus was reported during the period of 

widespread hand, foot and mouth disease (HFMD) outbreaks in Nakhon Ratchasima Province. An investigation was 

carried out to confirm the diagnosis, identify etiology of all severe enteroviral infection cases, determine magnitude of 

HFMD and enterovirus infection, including asymptomatic infections, and recommend prevention and control measures. A 

descriptive study was conducted by interviewing family members of the index case. Throat swab and stool specimens were 

collected to identify enterovirus. Survey on asymptomatic infection was done in schools attended by the index case’s 

siblings. Stool culture and isolation for enterovirus were also performed. Coxsackie B5 virus was isolated from fresh stool 

specimens of the index case. Among total 244 students screened for HFMD symptoms in four schools, only seven (3%) met 

the suspect case definition. During HFMD outbreaks caused by EV-71 B5, coxsackie A16 and coxsackie B5, proportion of 

asymptomatic infection among students was 22%. Risk factors such as no soap in toilets and misuse of alcohol gel to clean 

hands in schools were observed during the environmental survey. 
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Introduction 

Hand, foot and mouth disease (HFMD) is a common 

viral illness that mainly affects children under five 

years old. However, sometimes it can also affect 

adults. The disease is transmitted through direct 

contact with respiratory droplets, feces, blister fluid 

from palms, soles and oral mucosa, or contaminated 

objects and surfaces such as utensils in school.1,2 The 

disease is caused by a number of different genotypes 

of enterovirus, including enterovirus 71 (EV-71) and 

coxsackie A16. Spectrum of the disease ranges from 

asymptomatic or minor febrile illness and 

gastroenteritis to more severe syndromes, including 

aseptic meningitis, carditis and even fatal 

encephalomyocarditis in newborns.3-6 In addition, case 

fatality ratio is high for HFMD with fulminant 

neurogenic pulmonary edema, especially in age group 

less than six months which is as high as 21%.7-9 

HFMD and herpangina are frequently caused by 

several distinct serotypes belonging to human 

enterovirus A species. Therefore, surveillance should 

be set up to determine clinical and epidemiological 

characteristics of HFMD and herpangina associated 

with enterovirus infections.10 

Many countries in Asia, especially China, have 

encountered various HFMD clusters among children 

with high number of fatal cases.11During 2006, 

Thailand had detected many HFMD cases and four 

deaths caused by enterovirus in a northeastern 

province, Nakhon Ratchasima.12 Between May and 
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August 2011, the province had experienced HFMD 

outbreaks again, especially among school children. 

On 7 Aug 2011, the provincial health office notified 

the Bureau of Epidemiology that a 1-month-old male 

was admitted to a hospital with seizure, suspecting 

encephalitis caused by enteroviral infection. His 

cerebrospinal fluid (CSF) showed positive for 

unspecified enterovirus by polymerase chain reaction 

(PCR). Local and central surveillance and rapid 

response teams (SRRT) conducted an outbreak 

investigation on 8-31 Aug 2011 to confirm the 

diagnosis, identify etiology of all severe enteroviral 

infection cases, determine magnitude of HFMD and 

enterovirus infection, including asymptomatic 

infections, and recommend prevention and control 

measures.  

Methods 

HFMD Situation  

We reviewed national epidemiological surveillance 

information (506 report form) on HFMD reported 

from Nakhon Ratchasima Province during 2006 to 

2011. 

We also reviewed medical records of the index case, 

interviewed family members and collected stool and 

throat swab specimens. In addition, we searched for 

severe HFMD cases and encephalitis cases aged 

under five years and admitted to the provincial 

hospital between January and August 2011. 

We conducted an active case finding among patients 

diagnosed with HFMD or herpangina, and visited 

hospitals in Wang Nam Khiao (X) and Pak Thong 

Chai (Y) Districts in the province during 1-31 Aug 

2011. We interviewed patients and household 

members about demographic data, clinical 

manifestations, onset dates and risk factors using 

semi-structured questionnaire. Moreover, stool 

samples were collected and tested for viral culture 

and isolation.  

A suspect case was a villager from District X or Y who 

had oral ulcer with or without skin rash on palms and 

soles during 1-31 Aug 2011. A confirmed case was a 

suspect case tested positive for enterovirus by 

isolation with or without seroconversion by 

microneutralization test in acute and convalescent 

phase of serology.  

An enteroviral encephalitis case was a person, who 

lived in X and Y Districts, developed fever and 

alteration of consciousness or seizure during 1 May to 

31 Aug 2011 and had been confirmed by positive 

enteroviral isolation and/or seroconversion by 

microneutralization test. 

Severe HFMD case was a HFMD case with severe 

complication involving heart or nervous system. 

Persons with asymptomatic infection included 

household members or school contacts without 

symptoms, but were tested positive for enterovirus by 

isolation with or without seroconversion by 

microneutralization test in acute and convalescent 

phases of serology. 

School Survey for Asymptomatic Infection  

A survey on enteroviral infection was conducted 

among students in four schools attended by the index 

case’s siblings. School A was located in District X 

while Schools B, C and D were in District Y. All 

schools provided education for kindergarten and 

primary school (age ranged 3-15 years). All students 

were screened for HFMD clinical manifestations by 

the investigation team and teachers. Students 

screened positive were interviewed by the team using 

structured questionnaire. Their stool samples and 

throat swabs were collected for viral culture and 

isolation. Throat swabs were collected from the 

suspect cases who had oral ulcer during last two 

weeks whereas fresh stool samples were collected 

from all family members and school children. 

Laboratory Testing 

Fresh stool samples and throat swabs were placed in 

dry containers, stored in refrigerators at 4-8°C and 

sent to Department of Microbiology, Faculty of 

Medicine, Siriraj Hospital, Mahidol University, 

Thailand for testing EV-71, coxsackie virus and 

Enterovirus spp. by viral culture, isolation and PCR. 

In addition, 3-5 ml of serum was collected from severe 

HFMD and enteroviral encephalitis cases, and tested 

for serological titer of EV-71, coxsackie virus and 

Enterovirus spp. by microneutralization assay (Micro-

NT) at the National Institution of Health (NIH), 

Department of Medical Science, Ministry of Public 

Health, Thailand.  

Environmental Survey 

Kitchen and toilet in the index case’s house were 

inspected for sanitation. Other exposures were also 

assessed, including indirect contact transmission 

from public places such as public park or market.        

In schools, we observed regular activities and 

inspected personal sanitation practices and 

environment that could be risk of transmission such 

as sharing of utensils, frequency of classroom 

cleaning, types of detergent, cleansing substances and 

soap in restrooms.    
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Figure 1. Number of reported HFMD cases by week and 5-year median in Nakhon Ratchasima Province, 

Thailand, 2011

Results  

HFMD Situation  

Number of HFMD cases reported to the Bureau of 

Epidemiology had increased since 20th week (May) of 

2011 which was more than the median of the past five 

years (Figure 1). The period was correlated with 

semester opening of primary schools in Thailand. 

Clinical Presentation and Exposures of the Index 

Case 

On 31 Jul 2011, the index case, a 1-month-old Thai 

male, was brought to Wang Nam Khiao Hospital 

(Hospital X) with fever of 38°C and vomiting. At first, 

he was diagnosed with status epilepticus and acute 

viral infection. Few hours later, he developed 

generalized seizure and was transferred to the 

provincial hospital. After he was diagnosed of acute 

encephalitis, physician started antibiotics and 

provided ventilator support. He was treated with 

intravenous immunoglobulin (IVIG) the next day.  

His CSF obtained on first day of admission was tested 

positive for Enterovirus spp. by viral culture and 

isolation at NIH. However, its genotype was not 

identified by PCR. Although the first stool sample 

collected four days after the onset was negative for 

enterovirus and coxsackie virus, the second stool 

sample collected one week later was positive for 

coxsackie B5 by stool viral isolation.   

The index case lived with parents, elder twin brother 

and sister, and grandparents in District X. His 

mother was a teacher in School A and his father was 

a teacher in School D of District Y. His siblings were 

students in School B and C. Beside the index case, no 

other family members had symptoms of viral infection 

one week before his onset. Their stool culture and 

isolation for enterovirus and coxsackie virus were 

negative.  

Active Case Finding in Hospitals 

From January to July 2011, there was no report of 

severe encephalitis caused by enterovirus in the 

provincial hospital. In August 2011, three new cases 

of severe enteroviral infection without vesicles on 

hands, foot and mouth were notified in the province. 

They were reported as suspected cases of enteroviral 

encephalitis by nurses in pediatric intensive care unit 

during the investigation period. Two of them died 

suddenly after diagnosed as EV-71 encephalitis. All of 

them lived in the same district as the index case. 

Local and central SRRT joined together and 

conducted the investigation to contain the outbreak.    

Among 43 HFMD cases diagnosed in August 2011, 20 

confirmed cases and eight suspected cases were from 

Hospital X, and two confirmed cases and 13 suspected 

cases were from the hospital in District Y (Hospital 

Y). Nineteen cases (44%) were males, with median 

age two years old (range one month to six years old). 

All of them were out-patients with no clinical 

presentation of severe enteroviral infection.  

Among total 22 confirmed cases, 55% were tested 

positive for EV-71 (B5) from stool culture and viral 

isolation, 27% for coxsackie A16, 9% for coxsackie B5 

and 9% for unidentified type of Enterovirus spp.   

Asymptomatic Infection in School Survey 

Family members of the index case had contact with 

total 244 students from Schools A, B, C and D. All 

students were screened for HFMD symptoms. Of 

seven suspected HFMD cases identified (2.9%), four 

0

10

20

30

40

50

60

70

80

1 3 5 7 9 11 13 15 17 19 21 23 25 27 29 31 33 35 37 39 41 43 45 47 49 51 53

Number of case

Week

HFMD Median 5 y

HFMD 2011

Median 5years 

2011 



OSIR, March 2014, Volume 7, Issue 1, p. 16-22 

 19 

were from School B, with an overall attack rate of 

5.9% (4/68), and three were from School C, with an 

attack rate of 3.8% (3/79). None of seven suspected 

cases were tested positive for enterovirus or coxsackie 

virus. Two (28.6%) out of seven cases were males and 

median age was 5.2, ranged 2-12.3 years old.  

Students with asymptomatic infection were identified 

in all four schools, with EV-71 in School B and 

coxsackie B5 in Schools C and D. Average proportion 

of asymptomatic infection among students in these 

schools was 21.7% (53/244) (Table 1).  

Circulating Genotypes of Enterovirus 

A total of 287 fresh stool samples and 75 throat swabs 

were collected for viral isolation and PCR. Out of 287 

samples, 82 were tested positive for enterovirus by 

PCR. EV-71 B5, coxsackie A16 and coxsackie B5 were 

identified in both districts, with 40.3% in District X 

and 25.3% in District Y. The circulating genotypes of 

enterovirus in hospitals, schools and communities 

were Enterovirus spp. (41/82, 50.0%), EV-71 B5 

(25/82, 30.5%), coxsackie A16 (10/82, 12.2%) and 

coxsackie B5 (6/82, 7.3%). 

All 50 cases with HFMD manifestations (28 suspected 

and 22 confirmed) from hospitals, communities and 

schools had oral ulcer (90%), rash on palm (79%), rash 

on sole (77%) and fever (67%) while other symptoms 

(<10%) were chest discomfort, seizure, 

gastrointestinal symptoms and rash on buttock. We 

found around 10% of clinical HFMD cases had only 

oral ulcer. Number of cases by onset date among 

patients in both hospitals and students of four schools 

was showed in figure 2. 

Environmental Survey in Schools 

School activities included learning in classrooms and 

playing or resting in the afternoon. Although they 

had lunch without sharing utensils, some shared milk 

bottles. Few soaps were provided for hand washing in 

toilets and children did not wash their hands properly. 

As teachers believed that enterovirus could be 

decontaminated by alcohol gel, all classrooms were  
 

Table 1. Asymptomatic enterovirus infection in schools of Districts X and Y, Nakhon Ratchasima Province, 

Thailand, August 2011 (n=244) 

School 

 Number of student Enterovirus type 

Total  
(n=244) 

Symptomatic/ 
suspected (%) 

Asymptomatic 
infection (%) 

EV-71  
B5 

Coxsackie 
B5 

Coxsackie 
A16 

Unidentified 
genotype 

A 34 0 5 (15) 0 0 0 5 

B 68 4 (6) 12 (18) 11 0 0 5 

C 79 3 (4) 21 (27) 2 1 4 17 

D 63 0 15 (24) 0 3 0 12 

 

 

 

 

Figure 2. Suspected and confirmed HFMD cases in Districts X and Y, Nakhon Ratchasima Province,  

Thailand, August 2011 (n=50) 
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Figure 3. Environmental survey in 4 schools of Districts X and Y, Nakhon Ratchasima Province, Thailand, 2011

provided with alcohol gel instead of soap (Figure 3). 

Follow up and Public Health Actions  

After 35 days of hospitalization, the index case’s 

clinical condition improved and was discharged from 

the hospital. One week later, he was in healthy 

condition with good neurological function.  

Public education on mode of transmission of HFMD, 

case isolation and cleaning practice was provided to 

schools and affected communities. In addition, soaps 

were provided to schools and public toilets, and 

classroom cleaning was also promoted.  

Discussion 

In Thailand, number of severe HFMD deaths 

increased from zero in 2010 to six in following year.13 

However, reason for the surge was not clear. Severe 

and fatal cases of HFMD and encephalitis were 

probably associated with emerging EV-71 genotype 

B5 and coxsackie B5 due to numerous outbreaks in 

communities and schools.14 

Increasing dynamics circulation of multiple 

enteroviruses among reported HFMD cases in 

Nakhon Ratchasima Province during 2011 might be 

associated with concurrent outbreaks of EV-71 B5, 

coxsackie A16 and coxsackie B5. Interestingly, the 

index case of the outbreak was an infant who 

developed severe encephalitis without HFMD lesions 

in early August 2011. He had coxsackie B5 viral 

infection detected by PCR. Coxsackie B5 and EV-71 

infections are also frequently associated with 

irregular cases of neurological diseases and epidemics 

of encephalitis.15,16 

There was no evidence of enterovirus circulating in 

the index case’s family as stool culture and isolation 

of the family members for enterovirus and coxsackie 

virus revealed negative. Thus, with asymptomatic 

coxsackie B5 infection identified in Schools C and D, 

these schools were likely to be sources of the 

outbreak. From these sources, aerosol droplets might 

be route of transmission in this case and in the 

community outbreak which was similar to a previous 

study.17 

Stool specimen isolated for Enterovirus spp. in 

human is highly specific for diagnosis of viral 

infection.18 In this study, stool specimen testing of 

students showed high proportion of asymptomatic 

enterovirus infection from stool culture (17.6%, 

26.6%). Asymptomatic persons can also shed virus 

and transmit the disease in lower rate than 

symptomatic individuals, thereby creating an 

invisible ‘reservoir’ for the virus.19 

Implication is that containment measures alone may 

not stop outbreak progression since asymptomatic 

cases still could be shedding the viruses and creating 

reservoirs. A better understanding on transmission 

dynamics is essential in planning to control 

enterovirus outbreaks.  

Although impact on course of epidemic by school-

closing strategy was not clear, children and schools 

are believed to play an important role in spread of the 

disease. Therefore, closing schools might slow down 

the propagation of an epidemic. After this 

investigation, the Ministry of Public Health advised 

schools with HFMD outbreak to close for one week 

when two or more cases were detected in the same 

classroom.  

Limitations 

Some healthy family members of HFMD cases did not 

participate in the study or provide stool samples, 

which might result in overestimation of infection rate 

if non-participating individuals were healthy. As 

active case finding of HFMD could not be conducted 

for the entire two districts, true magnitude of 

symptomatic HFMD cases was likely to be 

underestimated, especially the mild cases. 

Conclusion 

This is an outbreak of HFMD due to EV-71, coxsackie 

A16 and coxsackie B5 in schools and communities. 

The index case was confirmed to have encephalitis by 

coxsackie B5 virus. Asymptomatic infection was 

found in all four schools associated with the family 

members of the index case.  
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Public Health Actions and Recommendations 

Small children were at high risk of transmission since 

they did not understand about personal hygiene. 

Therefore, teachers should work hard to enhance 

personal hygiene for children and teachers, including 

limited sharing of materials and utensils, and hand 

washing with soap after using toilet, before eating, 

before preparing food and after changing diapers. 

Schools were recommended to close for one week if 

two or more HFMD cases were found in the same 

classroom in order to reduce transmission. In 

addition, when the school reopened, screening of 

students for oral ulcer and rash on palms and soles, 

and isolating of suspected students at home should be 

emphasized. 

A proportion of suspected and confirmed cases had 

only oral ulcer. These cases were not reported in 

current notifiable disease surveillance system of 

Thailand which only reported cases that fulfilled the 

definition of HFMD. Therefore, herpangina was 

subsequently added into the list of reported diseases 

in notifiable disease surveillance system of Thailand.  

Health care workers should be aware of linkage 

between encephalitis and HFMD, and explore etiology 

and source of infection. Protocol for cases 

management of severe HFMD must be available in 

hospitals. Children with HFMD should be attended 

by a pediatrician and considered for IVIG treatment 

to reduce severity.20,21 
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