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ABSTRACT  10 

 11 

Background: Hand, foot and mouth disease (HFMD) is a common childhood exanthema, 
characterized by a brief febrile illness, sore in the mouth and vesicular lesions on the hands, 
feet and mouth. HFMD is caused by enteroviruses, mainly enterovirus 71 (EV71) and 
coxsackievirus A16 (CA16). An outbreak of HFMD was reported in Thailand in 2012 with 
incidence of 70.48 per 100,000 populations. Endemicity of these viruses across Thailand 
has been suspected.  
Methodology: A total of 134 stool specimens of suspected HFMD patients from four 
Northern provinces; Chiangmai, Lampang, Lamphun and Mae Hong Son were analyzed 
from 2012 to 2016 using RT-PCR based detection method. 
Results: Enteroviruses were detected in 74 specimens (55.2%), of which 27 were of CA16 
(36.5%), 24 of EV71 (32.4%) and remaining 23 of other enteroviruses (31.1%). These 
results confirmed circulation of EV71 and CA16 in this region and causing HFMD. The young 
children below five years were predominant in the study group. 
Conclusion: Laboratory based surveillance confirms the endemicity of enteroviruses in this 
defined geographical area and occurrence of such cases should be suspected and 
confirmation undertaken.  
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1. INTRODUCTION  16 

 17 
Hand, foot and mouth disease (HFMD) is a common childhood exanthema, characterized by 18 
a brief febrile illness and vesicular lesions on the hands, feet and mouth and is caused by 19 
enteroviruses [1,2]. The two major causative agents of HFMD are enterovirus 71 (EV71) and 20 
coxsackievirus A16 (CA16) [3,4]. Other members of enteroviruses, such as coxsackievirus 21 
A4, coxsackievirus A6, coxsackievirus A10, coxsackievirus B3, coxsackievirus B5 and 22 
echovirus 19, have also been associated with HFMD, but, in these cases, patients generally 23 
present with mild symptoms [5,6]. EV 71 infection has been associated with higher incidence 24 
of severe cases manifesting with acute neurological manifestations and death

 
[7,8].  25 

Between 2007-2011, Thailand reported approximately 12000 to 18000 HFMD cases 26 
annually with the average incidence of 20.2 cases per 100,000 population [9,10]. An 27 
extensive outbreak of HFMD occurred in 2012 with an incidence of estimated 62.7 per 28 
100,000 population. This outbreak affected several parts of Thailand.  The incidence rate per 29 
100,000 population in the central part was 61.11 while it was 60.01 in the northern region 30 
[11]. During the same period, Cambodia reported more than 60 deaths within 3 months [12].  31 
To undertake surveillance of HFMD in four Northern provinces of Thailand, the Regional 32 
Medical Sciences center at Chiangmai (RMSC 1 CM), Department of Medical sciences, 33 
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Ministry of Public Health, Thailand established RT-PCR diagnostic services for HFMD.   The 34 
present study was aimed at analyzing causative agents of HFMD from suspected patients in 35 
4 provinces of Northern Thailand; Chiangmai, Lampang, Lamphun and Mae Hong Son 36 
province from September 2012 to December 2016 as part of laboratory based surveillance 37 
of HFMD. 38 
 39 

2. MATERIAL AND METHODS  40 

 41 

2.1 Specimen  42 

 43 
Stool specimens were collected from suspected HFMD patients in hospitals of four provinces 44 
of Northern Thailand viz. Chiangmai, Lamphun, Lampang and Mae Hong Son province 45 
(Figure 1) from September 2012 to December 2016 and transported to RMSC 1 CM. A total 46 
of 134 stool specimens were analyzed for enteroviruses infection by RT-PCR. 47 
 48 
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 70 
 71 
Fig. 1. Map of 4 provinces of Northern Thailand. 72 
 73 
 74 

2.2 Specimen preparation 75 

 76 
One gram of each stool specimen was initially subjected to 5 ml of phosphate buffered saline 77 
(PBS) of pH 7.4, containing CaCl2 and MgCl2, and 100 µl of chloroform. These were mixed 78 
and shaken vigorously for 20 min by shaker, followed by centrifugation at 1500x g for 20 79 
min. Stool supernatant (140 µl) was aspirated in tube, to which was added 14 µl of 1mg/mL 80 

proteinase K. The mixture was incubated at 37C for 30 min. 81 
 82 

2.3 RNA extraction 83 

 84 
Viral RNA was extracted from stool supernatant using spin column of QIAamp viral RNA Mini 85 
Kit, (QIAGEN, Hilden, Germany) according to manufacturer's instruction. The eluted RNA 86 
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was kept in -70°C until use. 87 
 88 

2.4 RT-PCR assay 89 

 90 
Enteroviruses detection was performed using RT-PCR according to protocol previously 91 
description [13]. Specific primers included 1 pair of pan-enterovirus primers for 5’ 92 
untranslated region (5’UTR) which amplified all known enteroviruses genomes by single RT-93 
PCR. Multiplex PCR followed. Two pairs of specific primers for VP1 gene of EV71 and CA16 94 
were amplified for enteroviruses typing by multiplex RT-PCR. The size of the resulting bands 95 
was identified as 440 base pair of pan-enterovirus for enteroviruses group, 264 base pair for 96 
EV 71 and 550 base pair for CA16. 97 
 98 
 99 

3. RESULTS  100 

 101 
A total of 134 stool samples were analyzed, of which 74 (55.2%) were positive for RNA of 102 
enteroviruses and further enteroviruses typing were determined EV71 and CA16 by 103 
multiplex RT-PCR. CA16 virus found in 27 cases (36.5%), in 23 cases EV71 (32.4%) was 104 
detected and other enteroviruses were seen in 23 cases (31.1%). 105 
The distribution of 74 confirmed HFMD by gender, age group and province has been shown 106 
in Table 1. The proportion male to female was 1.3:1, The under 5 years of age group was 107 
found highest and constituted 90.5% of the group, followed by age 5-9 years group 8.1% 108 
and more than 30 years group 1.4%. The confirmed HFMD cases were distributed 68.9%, 109 
17.6%, 9.5% and 4.1% in Chiangmai, Lampang, Mae hong son and Lamphun province, 110 
respectively.  111 
The distribution of enteroviruses types EV71 and CA16 were predominant in age group 112 
under 5 years with figures of 40.3% for CA16 and 32.8% for EV71. In Chiangmai province, 113 
EV71 was predominantly (41.2%) circulating virus. In Lampang province has shown other 114 
enteroviruses, CA16 and EV71 as 46.2%, 30.8% and 23.1%, respectively. CA16 and other 115 
enteroviruses were found 71.4% and 28.6% in Mae hong son province, while Lamphun 116 
province had found only CA16 virus.  117 
 118 
 119 
 120 
 121 
 122 
 123 
 124 
 125 
 126 
 127 
 128 
 129 
 130 
 131 
 132 
 133 
 134 
 135 
 136 
 137 
 138 
 139 
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Table 1. Distribution characteristics of HFMD by gender, age and province and the RT-140 
PCR results for confirmed case, from 2012 to 2016. 141 
 142 
 143 

Factor Description Stool  Positive  Enteroviruses by  RT-PCR 

  sample enteroviruses EV71 CA16 Others  

  n n % n % n % n % 

2012-2016  Patient 134 74 55.2 24 32.4 27 36.5 23 31.1 

Gender 
Male 67 42 56.8 13 31.0 18 42.9 11 26.2 

Female 67 32 43.2 11 34.4 9 28.1 12 37.5 

Age group 
(year) 

0-4 112 67 90.5 22 32.8 27 40.3 18 26.9 

5-9 15 6 8.1 2 33.3 0 0.0 4 66.7 

10-19 4 0 0.0 0 0.0 0 0.0 0 0.0 

20-29 1 0 0.0 0 0.0 0 0.0 0 0.0 

≥ 30 2 1 1.4 0 0.0 0 0.0 1 100.0 

Province 

Chiangmai 103 51 68.9 21 41.2 15 29.4 15 29.4 

Lampang 18 13 17.6 3 23.1 4 30.8 6 46.2 

Lamphun 4 3 4.1 0 0.0 3 100.0 0 0.0 

Mae Hong 
Son 

9 7 9.5 0 0.0 5 71.4 2 28.6 

 144 
The distribution of enteroviruses infection and enteroviruses typing by year are shown in 145 
Figure 2. The annual infection rate was 79.2%, 60.9%. 64.9%, 40.9% and 28.6%, 146 
respectively. The EV71 detection was highest (78.9% and 42.8%) in 2012 and 2013, 147 
followed by CA16 and other enteroviruses. In 2014, the predominant virus was CA16 148 
(66.7%) and EV71 was not detected. Moreover in 2015, the predominant viruses (77.8%) 149 
belonged to other enteroviruses. In 2016, we found predominant CA16, followed by other 150 
enteroviruses and EV71, respectively.  151 
 152 
  153 
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 154 
 155 
Fig. 2. Proportionate positivity of enteroviruses infection and typing EV71, CA16 and 156 
other enteroviruses by years studied. 157 
 158 

4. DISCUSSION 159 

 160 
Our study has shown that the infection rate for HFMD in four North Thailand provinces was 161 
decreasing from 79.2% in 2012 to 28.6% in 2016. Two major causative agents of HFMD in in 162 
this geographical area were CA16 as 36.5% and EV71 32.4%. In confirmed HFMD cases, 163 
the proportion of male was higher than female, which is in consonance with the previous 164 
studies [14,15]. The age group of major affected population was of children under 5 years. 165 
This is also in conformation with similar earlier studies [14,16,17]. 166 
In 4 Northern provinces, different types of enteroviruses were circulating at different times as 167 
has been shown earlier in some studies from Thailand [16,17]. From September 2012 to 168 
December 2012, EV71 was predominant in this region, whereas a study in Bangkok and 169 
Khonkaen found CA6 became predominant from January to October 2012 after replacing 170 
EV71 as the predominant type during the previous year [16].  171 
In 2013, there was no large scale outbreak but EV71 was most frequently (30%) isolated in a 172 
study at King Chulalongkorn Memorial hospital [17]. Thailand epidemiology surveillance 173 
report in 2014 has shown high HFMD morbidity rate 97.36 per 100,000 populations [18]. In 174 
another study at Thai National Institute of Health EV71 was observed to be the predominant 175 
type [19]. 176 
Several other members of enteroviruses were found in this study with variable percentage of 177 
detection. In the southern part of Thailand during 2013-2015, 30.09% belonged to category 178 
of other enteroviruses [20]. We therefore considered adding others serotyping which high 179 
prevalence in Thailand and other country such as CA6, CA8 and CA10 [11,16,21,22].  180 
In 2016, the infection rate was low in 4 Northern provinces, CA16 was till predominant. While 181 
this study had smaller number of specimens, continuous laboratory based surveillance is 182 
being pursued by this Institute to elucidate epidemiological data on this emerging infectious 183 
disease. 184 
 185 

5. CONCLUSION 186 

 187 

Laboratory plays an important role in confirmation of diagnosis of disease, as well as 188 
surveillance of two major causative agents of HFMD; CA16 and EV71 that are continuously 189 
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circulating in four Northern Thai provinces and may cause sporadic or outbreak situation. 190 
Young children under 5 years old were still the highest affected population. Appropriate 191 
hygiene in nurseries, kindergartens and schools should be implemented vigorously. As we 192 
continue to elucidate more laboratory data in future, it will strengthen surveillance and 193 
generate evidence for initiating public health actions to fulfill the health promotion, protection 194 
and control effectiveness in Northern Thailand against HFMD.  195 
 196 
 197 
 198 
 199 

COMPETING INTERESTS 200 

 201 
Authors have declared that no competing interests exist. 202 
 203 
 204 
 205 

REFERENCES 206 
 207 
1. Grist N, Bell E, Assaad F. Enteroviruses in human disease. Prog Med Virol 208 

1978;24:114-57. 209 
2. Solomon T, Lewthwaite P, Perera D, Cardosa MJ, McMinn P, Ooi MH. Virology, 210 

epidemiology, pathogenesis, and control of enterovirus 71. The Lancet infectious 211 
diseases. 2010;10(11):778-90. doi: 10.1016/S1473-3099(10)70194-8. 212 

3. Tan EL, Chow VTK, Quak SH, Yeo WCA, Poh CL. Development of multiplex real-time 213 
hybridization probe reverse transcriptase polymerase chain reaction for specific 214 
detection and differentiation of Enterovirus 71 and Coxsackievirus A16. Diagnostic 215 
microbiology and infectious disease. 2008;61(3):294-301. 216 

4. Cui A, Xu C, Tan X, Zhang Y, Zhu Z, Mao N, et al. The development and application of 217 
the two real-time RT-PCR assays to detect the pathogen of HFMD. PLoS One. 218 
2013;8(4):e61451. doi:10.1371/journal.pone.0061451. 219 

5. Chang L-y, Lin T-y, Huang Y-c, Tsao K-c, Shih S-r, Kuo M-l, et al. Comparison of 220 
enterovirus 71 and coxsackievirus A16 clinical illnesses during the Taiwan enterovirus 221 
epidemic, 1998. The Pediatric infectious disease journal. 1999;18(12):1092-6. 222 

6. Chen S-P, Huang Y-C, Li W-C, Chiu C-H, Huang C-G, Tsao K-C, et al. Comparison of 223 
clinical features between coxsackievirus A2 and enterovirus 71 during the enterovirus 224 
outbreak in Taiwan, 2008: a children's hospital experience. Journal of Microbiology, 225 
Immunology and Infection. 2010;43(2):99-104. 226 

7. Alexander Jr JP, Baden L, Pallansch MA, Anderson LJ. Enterovirus 71 infections and 227 
neurologic disease-United States, 1977–1991. Journal of Infectious Diseases. 228 
1994;169(4):905-8. 229 

8. McMinn PC. An overview of the evolution of enterovirus 71 and its clinical and public 230 
health significance. FEMS microbiology reviews. 2002;26(1):91-107. 231 

9. Bureau of Epidemiology. Hand, foot and mouth disease: Department of Disease 232 

Control; 2012 [Accessed 12 June 2017]. Available from: http://www.boe.moph.go.th/. 233 

10. Thongcharoen P. Hand, foot and mouth disease. Thailand: world-shaking outbreaks. 234 
Bangkok,Thailand: Aksorn Sampan Press; 2012:136–44 . 235 

11. Linsuwanon P, Puenpa J, Huang S-W, Wang Y-F, Mauleekoonphairoj J, Wang J-R, et 236 
al. Epidemiology and seroepidemiology of human enterovirus 71 among Thai 237 
populations. Journal of biomedical science. 2014;21(1):16. 238 

12. Seiff A. Cambodia unravels cause of mystery illness. Elsevier; 2012. 239 
13. Thao NTT, Ngoc NTK, Tú PV, Thúy TT, Cardosa MJ, McMinn PC, et al. Development 240 

of a multiplex polymerase chain reaction assay for simultaneous identification of human 241 

UNDER PEER REVIEW



 

enterovirus 71 and coxsackievirus A16. Journal of virological methods. 242 
2010;170(1):134-9. doi:10.1016/j.jviromet.2010.09.017. 243 

14. Samphutthanon R, Tripathi NK, Ninsawat S, Duboz R. Spatio-temporal distribution and 244 
hotspots of hand, foot and mouth disease (HFMD) in Northern Thailand. International 245 
journal of environmental research and public health. 2013;11(1):312-36. doi: 246 
10.3390/ijerph110100312. 247 

15. Momoki S. Surveillance of enterovirus infections in Yokohama city from 2004 to 2008. 248 
Jpn J Infect Dis. 2009;62(6):471-3. 249 

16. Puenpa J, Chieochansin T, Linsuwanon P, Korkong S, Thongkomplew S, Vichaiwattana 250 
P, et al. Hand, foot, and mouth disease caused by coxsackievirus A6, Thailand, 2012. 251 
Emerging infectious diseases. 2013;19(4):641-3. doi: 10.3201/eid1904.121666. 252 

17. Mauleekoonphairoj J, Puenpa J, Korkong S, Vongpunsawad S, Poovorawan Y. 253 
Prevalence of human enterovirus among patients with hand, foot, and mouth disease 254 
and herpangina in Thailand, 2013. Southeast Asian Journal of Tropical Medicine and 255 
Public Health. 2015;46(6):1013-20. 256 

18. Bureau of Epidemiology. Hand, foot and mouth disease: Department of Disease 257 

Control; 2014 [Accessed 19 June 2017]. Available from: http://www.boe.moph.go.th/. 258 

19. Kongjorn S TR, Onvimala N, Upachai S, Isarangkul A, Guntapong R, et al. , editor 259 
Molecular epidemiology of Coxackievirus A6 and A16 causing Hand foot and mouth 260 
disease in Thailand during 2013-2014. Proceedings of the twenty-third Annual Medical 261 
Sciences Conference on National Laboratory System for Global Health Security; 2015 262 
25-27 March 2015; Bangkok, Thailand 2015:655-9. 263 

20. Sangsricome C SW, Srijunngam S, Ganjanapin W, Sutivijit Y, editor Diagnosis of Hand 264 
foot and mouth disease in 4 southern border provinces. Proceedings of the Twenty-265 
Fourth Annual Medical Sciences Conference on Smart Medical Sciences Smart Life; 266 
2016 21 -23 March 2016; Bangkok, Thailand 2016:113. 267 

21. Huang W-C, Huang L-M, Lu C-Y, Cheng A-L, Chang L-Y. Atypical hand-foot-mouth 268 
disease in children: a hospital-based prospective cohort study. Virology journal. 269 
2013;10(1):209. doi: 10.1186/1743-422X-10-209. 270 

22. Fu Y, Sun Q, Liu B, Xu H, Wang Y, Zhu W, et al. Epidemiological characteristics and 271 
pathogens attributable to hand, foot, and mouth disease in Shanghai, 2008–2013. The 272 
Journal of Infection in Developing Countries. 2016;10(06):612-8. doi: 10.3855/jidc.6118. 273 

 274 

 275 

UNDER PEER REVIEW


