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Abstract 

Background: Acute flaccid paralysis (AFP) surveillance was conducted as part of the World Health Organization’s 
strategy for completely eradicating poliomyelitis and leaving non-polio enteroviruses NPEVs as one of the main 
potential causes of AFP. We aimed to detect NPEV in association with AFP.

Methods: We used 459 isolates reported to be Negative Polio and some NPEVs by the World Health Organization 
Polio Regional Reference Laboratory (Thailand), which had been obtained during polio surveillance programmes 
conducted in Thailand in 2013–2014. Of 459 isolates, 35 belonged to the genus Enterovirus by RT-PCR and genotyp-
ing by DNA sequencing.

Results: This study found 17 NPEV genotypes, with 3, 13 and 1 belonging to enterovirus (EV) species A (EV-A), EV-B, 
and EV-C, respectively. The EV-A types identified included coxsackievirus A2 (CA2), CA4, and EV71, typically associated 
with hand, foot and mouth diseases. EV-B is the most prevalent cause of AFP in Thailand, while CA21 was the only 
type of EV-C detected. The EV-B species (13/35; 76.5%) constituted the largest proportion of isolates, followed by EV-A 
(3/35; 17.6%) and EV-C (1/35; 5.9%). For the EV-B species, Echovirus (E) 30 and CVB were the most frequent isolates. 
E30, CVB, E14, and E6 were considered endemic strains.

Conclusion: NPEVs, e.g. CA4, are reported for the first time in Thailand. Despite some limitations to this study, this is 
the first report on the circulation patterns of NPEVs associated with AFP in Thailand. AFP surveillance has unearthed 
many unknown NPEVs and, the cases of death due to AFP occur annually. Therefore, it is important to study NPEVs in 
the wake of the eradication of poliovirus in the context of the continued incidence of paralysis.
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Background
Acute flaccid paralysis is a clinical syndrome, which refer 
to a symptom of paralysis or weakness. There is much 
cause of infectious and non-infectious. It can be cause 
by many diseases such as poliomyelitis, enteritis, myosi-
tis, meningitis and encephalitis. Poliovirus was the main 

cause of AFP can cause poliomyelitis. In March 2014, 
Thailand completely eradicated poliomyelitis and left 
non-polio enteroviruses as one of the main potential 
causes of AFP [1]. So, we aimed to highlight the role of 
NPEV in association with AFP start from the year before 
and after eradicate. Enterovirus is a genus belonging to 
the family Picornaviridae [2–4]. According to the classifi-
cation, 12 species can cause disease in both humans and 
animals [5–9]. However, 4 species of Enterovirus A-D 
and 3 species of Rhinovirus causes disease in humans. 
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Enterovirus E-L causes disease in animals. Enteroviruses 
A (EVA), B, C, and D, consist of 25, 63, 23, and 5 types 
respectively. Rhinoviruses A, B and C are composed of 
80, 32, and 57 types, while some are pending classifica-
tion [2, 3]. Currently studies on non-polio enterovirus 
are being conducted in many countries, but the entero-
virus isolated varies in each country [10–17]. The AFP 
surveillance system available in each country can detect 
non polio enteroviruses some are rare types such as 
EVC95 EVC105 in Northern India, EVC99 and EVA120 
in Nigeria [18, 19], so it is necessary to study the iso-
lated enterovirus genotype as a source for further study 
in each country. In Thailand, the last wild poliovirus 
was reported in 1997 [20], and Thailand was declared 
polio-free in 2014. The detection of Enteroviruses in 
AFP patients plays an important role when an entero-
virus is found in an AFP surveillance cluster outbreak. 
Over the years, the number of poliomyelitis cases has 
reduced worldwide, and the disease has been eradicated 
in some parts of the world, leaving NPEV as one of the 
main potential causes of AFP. Regarding NPEVs identi-
fied by AFP surveillance in Thailand in 2013 and 2014, 
almost 50% were untyped, based on WHO protocols for 
EV detection [21]. Many researchers found NPEVs in 
AFP patients [22–25]. EVA71 are a public health prob-
lem in Thailand and can lead to death. A study of the role 
of EVA71 in Brazil showed a resultant link to some AFP 
cases [26]. Therefore, we must be alert for NPEV in AFP 
cases. Against this background, identifying the genotypes 
circulating in the country may improve our understand-
ing of the epidemiology of EV infection; moreover, in the 
wider context of polio eradication, it may provide assur-
ance that Poliovirus is not being overlooked. Laboratory 
data were analysed to provide an overview of the NPEV 
genotypes identified and their occurrence, diversity, and 
patterns of circulation in cases of AFP identified in Thai-
land in 2013 and 2014.

Methods
Ethics approval
The samples in this study were the unidentified isolate 
from AFP surveillance at the RRL, National Institute of 
Health and discard non polio AFP by expert review com-
mittee from Department of Medical Science, Depart-
ment of  Disease Control and Bureau of Epidemiology, 
Ministry of Public Health, Nonthaburi, Thailand.  So, we 
didn’t need an ethical approval to conduct the research.

Virus isolated samples
This study focused on a total of 459 isolates from patients 
with AFP aged < 15 years who were identified by AFP sur-
veillance in Thailand in 2013 and 2014. The stool samples 
from 71 provinces were sent to the WHO Polio Regional 

Reference Laboratory (RRL) for polio screening at the 
National Institute of Health, Department of Medical Sci-
ence, Ministry of Public Health, Thailand (Fig.  1). The 
samples were isolated in RD and L20B for detected polio. 
This step was done by RRL of Thailand. All of them re-
inoculated in RD, Hep2 and Vero for increase the chance 
to isolate more NPEV.

RNA extraction and RT‑PCR typing
In this study, we confirmed the status of NPEV using 
reverse transcription polymerase chain reaction (RT-
PCR). Total RNA was extracted from positive isolated of 
stool samples stored at -20 degree Celsius using QIAamp 
Viral RNA Extraction Kit (Cat. No. 52906; Qiagen). 
Among these unidentified isolates, 24 NPEVs (5.2%) 
were isolated in 2013 and 2014 and were confirmed to 
be NPEVs by performing viral culture within 14 days at 
RRL; finally, 11 NPEV isolates were re-inoculate in more 
cell culture RD, Vero, Hep2, GL-37 the positive was show 
CPE within 14  days we observed CPE under micro-
scope and used all positive for analysis in this study. 35 
positive isolates on analysis using pan-EV primers VP1 
region of the Enterovirus surveillance guidelines. The 
typing was not performed on all RD-positive isolates as 
per the timeframe set by the WHO, according to which 
the result must be released within 14  days of receipt of 
specimens. This study was not part of the routine surveil-
lance programme based on the typing of all NPEV iso-
lates; therefore, we identified EVs using universal pan-EV 
primers with RT-PCR specific to the viral polyprotein 1 
(VP1) region as universal primers of EV [27]. We used a 
two-step RT-PCR. The first step for cDNA amplification 
by using four primers which were specific to enterovirus 
group A B C and D then performed the second step of 
PCR for pan enterovirus VP1 region (Table 1).

VP1 sequencing
Further, genotypes were analyzed by DNA sequenc-
ing. The purified PCR products were sent for chain-ter-
mination DNA sequencing (Macrogen, Seoul, Korea). 
The nucleotide sequences were aligned with reference 
sequences of EV genotypes obtained from the GenBank 
database using ClustalW in BioEdit version 7.2.6.1. The 
phylogenetic tree was constructed with the maximum 
likelihood and Bayesian methods with 1,000 bootstrap 
replicates using the MEGA 7 software.

Results
All 459 originally unidentified isolates isolated from RD 
cells and reported to be NPEVs were confirmed to be 
EVs by RT-PCR specific to the VP1 region. Viral RNA 
was extracted from the unidentified isolates using four 
primers specific to EV groups A, B, C and D, as described 
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previously [27]. The 35 isolates which were found to be 
positive on RT-PCR were genotyped by DNA sequenc-
ing targeting the VP1 region. In this study, we identified 

17 genotypes of NPEVs in AFP and classified them into 
three major groups, namely, EV-A, EV-B and EV-C. EV 
capsid gene (VP1) sequences were amplified using a 

Fig. 1 Acute flaccid paralysis (AFP) surveillance in 71 Thai provinces in 2013 and 2014. Red represents no AFP cases, whereas yellow and white 
represent AFP rates of < 2 or ≥ 2 per 100,000 children aged below 15 years, respectively

Table 1 Primers used for cDNA synthesis and PCR amplification

cDNA (RT) Primers Sequence

Enterovirus group A AN32 5′ GTY TGC CA 3′

Enterovirus group B AN33 5′ GAY TGC CA 3′

Enterovirus group C AN34 5′ CCR TOR TA 3′

Enterovirus group D AN35 5′ RCT YTG CCA 3′

PCR primers Sequence

SO224F 5′ GCI ATG YTI GGI ACI CAY RT 3′

SO222R 5′ C ICC IGG IGG IAY RWA CAT 3′
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previously described PCR protocol using the primers 
SO224F and SO222R, leading to the generation of frag-
ments of approximately 670-bp length [27]. RT-PCR 
facilitated the identification of 7.6% (n = 35) of NPEVs 
and negative isolates, most of which belonged to EV-B. 
For the remaining isolates (n = 12), no positive results 
were obtained by RT-PCR and considered untypable 
EVs. The viral genomes of the 35 isolates were positive 
for the VP1 region on RT-PCR. The VP1 sequences were 
compared with those obtained from GenBank and were 
assigned the genotype of the strain which had the highest 
identity score. The sequences were classified into geno-
types when the homology of the VP1 sequence to proto-
type strains was at least 90%. The results of genotyping 
were summarised in Table  2. A cluster of patients with 
AFP in Chaiyaphum Province in June 2014 who were 
found to be positive for Echo30 with one dead case, AFP 
cases from Saraburi Province with the onset of paralysis 
were found to be positive in the same month. (Fig. 2).

Based on the distribution of NPEV types in 2013 and 
2014, E30 and CB were found to be the predominant gen-
otypes, followed by E14, CA21, E6 and EV71. Notably, 
the data from Table 2 showed that the circulation pattern 
no EV-D-type isolates was identified to be endemic. EV-B 
predominantly circulated as an endemic type, but EV-C 
showed only one type, CA21. These have never previ-
ously been reported in Thailand. Partial VP1 sequence 
data revealed that 7.6% of the 35 NPEV isolates could be 
typed using RT-PCR and nucleotide sequencing (Fig. 3).

Discussion
NPEVs have been detected in AFP cases worldwide, 
but they can cause a wide range of clinical diseases 
such as viral myositis, hypokalaemia, and encephalitis 
[28, 29]. The most prevalent type of NPEV in Thailand 
was found to be EV-B. EV71, an EV-A, is regarded as 
a major causative agent of hand, foot and mouth dis-
ease (HFMD) [30]. Roberts et  al. also detected EV71 
in AFP [31]; they revealed that an EV71-based out-
break occurred along the Australian coast in 2013. Two 
deaths associated with EV71 infection were reported, 
and the sub-genogroup C4a was isolated by virus cul-
ture or detected by RT-PCR from stool specimens of 

nine AFP cases. Moreover, additional three non-polio 
AFP cases were associated with EV71 based on the clin-
ical evidence, representing 20% of the AFP cases with 
the onset of paralysis in 2013 [31]. One patient was 
admitted to a hospital for high fever, and an endotra-
cheal tube was used. She suffered a symmetric paralysis 
(motor power grade I) and died within 1  week of the 
onset of paralysis. Anyway, we could not collect the 
stool sample from the death case, then we collect the 
sample from close contact person and can identify CA4 
from the isolate of close contact person of this death 
case. Further, Hu et al. (2011) reported that CA2, CA4, 
CA5 and CA10 were isolated from patients with HFMD 
during an outbreak in China in 2009. EV-B was the 
variant most frequently identified in their study [32]. In 
this study, Echo30 was the most prevalent type which 
was widely distribution in Thailand. There have been 
many reports on large outbreaks of aseptic meningitis 
being caused by Echo30 from many parts of the world, 
such as in the United States [29] and two cities in Tur-
key [33]. CA21 was the only genotype of EV-C found 
in our study from two isolates from Nakhon Ratch-
asima in January and May 2013. The other isolates were 
identified in SamutPrakarn and Si Sa Ket in March and 
August 2013, respectively. One of four isolates which 
could be identified was from an AFP case in Nakhon 
Ratchasima resulting in death in May 2013. Zichun 
et  al. found that two rare human EV types, CA21 and 
EV68, are detected most frequently in human EV-pos-
itive adults with acute respiratory infections [30]. In 
2019, (The Annual Medical Sciences Conference  27th) 
RRL show the most prevalent type which was distri-
bution in Thailand were EV-B and EV-A. They could 
not detect EV-C and EV-D. The most type of EV-B is 
Echo11 and CoxB2. They also found 2 EV71 in EV-A 
are mix infection with Echo6 from EV-B. They are the 
major causative agents of hand, foot and mouth dis-
ease. So, the most prevalent type of NPEV after Polio 
eradicate from Thailand were EV-B and with a con-
tinued incidence of AFP, NPEV should continue to be 
detected.

Table 2 Enterovirus genotypes from 35 non-polio enteroviruses in Thailand in 2013 and 2014

CA, Coxsackievirus A; EV, Enterovirus; E, Echovirus; CB, Coxsackievirus B

EV‑A EV‑B EV‑C

Year CA2 CA4 EV71 E1 E6 E11 E13 E14 E18 E20 E30 CB1 CB2 CB3 CB5 CA9 CA 21

2013 2 1 – – – 2 1 4 1 1 1 1 0 1 – – 4

2014 – – 3 1 3 – 1 – – – 4 – 2 – 1 1 –

Total 2 1 3 1 3 2 2 4 1 1 5 1 2 1 1 1 4
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Fig. 2 Genotype distribution of enteroviruses in Thailand in 2014. Triangle represents EVA, whereas circle represents EVB, red triangle: EV71, purple 
circle: Echo1, green circle: Echo6, blown circle: Echo13, red circle: Echo30, yellow circle: CB5, pink circle: CB2 and blue circle: CA9
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Fig. 3 Phylogenetic analysis of partial viral polyprotein 1 nucleotide sequences. The phylogenetic tree was inferred using the maximum likelihood 
method based on the general time reversible model and a bootstrap value of 1000. Virus names and accession numbers obtained in this study 
are marked with black circles. The sequence of human parechovirus 6 was used as outgroup. Bootstrap values > 80 is indicated at nodes. Scale bar 
represents nucleotide substitutions per site
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Conclusions
The information of NPEV presented in this paper is 
valuable. Samples of CA4, Echo30 and CA21 identified 
which were obtained from patients who died of AFP 
should be shared and the complete sequences should be 
studied to identify the strains and to shed light on the 
virulent strains currently circulating in Thailand. AFP 
surveillance has unearthed many unknown isolates and 
cases of death due to AFP occur annually. Therefore, it 
is important to study other enteroviruses in the wake of 
the eradication of poliovirus in the context of the con-
tinued incidence of paralysis. Studies can be conducted 
annually to investigate the types of NPEV, especially 
unidentified ones, in future and to establish diseases in 
surveillance systems that target NPEVs in the country.

Abbreviations
AFP: Acute flaccid paralysis; NPEV: Non-polio enteroviruses; CA: Coxsackievi-
rus A; CB: Coxsackievirus B; E: Echovirus; EV: Enterovirus; EVA: Enterovirus A; 
EVB: Enterovirus B; EVC: Enterovirus C; EVD: Enterovirus D; HFMD: Hand, foot 
and mouth disease; RD: Rhabdomyosarcoma; RT-PCR: Reverse-transcriptase 
polymerase chain reaction; VP1: Viral protein 1.

Acknowledgements
We thank the Polio Regional Reference Laboratory, Department of Medical 
Science, National Institute of Health Nonthaburi Thailand, for the unidentified 
isolate from AFP surveillance and the Department of Disease Control and 
Bureau of Epidemiology, Ministry of Public Health, Nonthaburi, Thailand, for 
information on AFP surveillance. Support was also received from the Faculty of 
Tropical Medicine, Mahidol University, Thailand.

Authors’ contributions
NO: Conceptualization, Formal analysis, Investigation, Methodology, Visualiza-
tion, Writing – original draft, Writing-review & editing. NK: Conceptualization, 
Phylogenatic analysis, Investigation, Visualization, Writing-review & editing: MV, 
PP: Conceptualization, formal analysis, Investigation, Visualization, Writing-
review & editing. SN: Conceptualization, Writing-review & editing. RG, RT: 
Conceptualization Investigation, Methodology, Resources, review & editing. 
PL: Conceptualization, Formal analysis, Investigation, Methodology, Project 
administration, Resources, Supervision, Validation, Writing-review & editing. 
All authors reviewed the manuscript. All authors read and approved the final 
manuscript.

Funding
This work was supported by funder Faculty of Graduate Studies, Mahidol 
University and National Institute of Health Department of Medical Science. 
The funders had no role in study design, data collection and analysis, decision 
to publish, or preparation of the manuscript.

Availability of data and materials
All data generated or analyzed during this study are included in this manu-
script and Genbank.

Declarations

Ethics approval and consent to participate
Not applicable.The samples in this study were the unidentified isolate from 
AFP surveillance at the RRL, National Institute of Health and discard non 
polio AFP by expert review committee from Department of Medical Science, 
Department of Center for Disease Control and Department of Epidemiology, 
Ministry of Public Health, Nonthaburi, Thailand. Therefore, this study didn’t 
require an ethical approval to conduct the research.

Consent for publication
The map of Thailand figure that was used in this manuscript was already got 
the permission to publish content under CC-BY license, as you can see from 
the supplement data.

Competing interests
The authors have declared that no competing interests exist.

Author details
1 Department of Microbiology and Immunology, Faculty of Tropical Medicine, 
Mahidol University, Bangkok, Thailand. 2 Department of Medical Sciences, 
National Institute of Health, MOPH, Nonthaburi, Thailand. 3 Department of Dis-
ease Control, Bureau of General Communicable Diseases, MOPH, Nonthaburi, 
Thailand. 

Received: 3 September 2020   Accepted: 14 July 2021

References
 1. The Borgen Project: Thailand’s intensified measures against polio. [cited 

April 27, 2021] Available from: https:// borge nproj ect. org/ thail ands- inten 
sified- measu res- again st- polio.

 2. ICTV virus taxonomy Genus: Enterovirus 2017. [cited September 29, 2019] 
Available from: https:// talk. ictvo nline. org/ ictv- repor ts/ ictv_ online_ report/ 
posit ive- sense- rna- virus es/ picor navir ales/w/ picor navir idae/ 681/ genus- 
enter ovirus.

 3. Zell R, Delwart E, Gorbalenya AE, Hovi T, King AMQ, Knowles NJ, et al. ICTV 
Virus Taxonomy Profile: Picornaviridae. J Gen Virol. 2017;98:2421–2.

 4. Clinical Virology. 3rd ed. Washington, D.C.: American Society for Microbi-
ology Press; 2009.

 5. Picornaviridae study group. Picornavirus species. [cited October 1, 2019]. 
Available from: http:// www. picor nastu dygro up. com/ taxa/ speci es/ speci 
es. htm.

 6. Picornavirus home. Welcome to the home of Picornavirus [cited October 
1, 2019]. Available from: http:// picor navir idae. com/ enter ovirus/ enter 
ovirus. htm.

 7. Quinonez JM, Steele RW. Pediatric echovirus [cited October 1, 2019]. 
Available from: http:// emedi cine. medsc ape. com/ artic le/ 963458- overv 
iew.

 8. DM Knipe, PM Howley, DE Griffin, MA Martin, RA Lamb, B Roizman, 
SE Straus. Field Virology.5th ed. Philadephia: Lippioncott Williams and 
Wilkins; 2007.

 9. Enterovirus an overview ScienceDirect [cited October 1, 2019]. Available 
from: https:// www. scien cedir ect. com/ topics/ medic ine- and- denti stry/ 
enter ovirus.

 10. Tang J, Yoshida H, Ding Z, Tao Z, Zhang J, Tian B, et al. Molecular epidemi-
ology and recombination of human enteroviruses from AFP surveillance 
in Yunnan, China from 2006 to 2010. Sci Rep. 2014;4:6058.

 11. Roberts JA, Hobday LK, Ibrahim A, Aitken T, Thorley BR. Australian 
National Enterovirus Reference Laboratory annual report, 2014. Commun 
Dis Intell Q Rep. 2017;41:E161–80.

 12. Grimwood K, Huang QS, Sadler LG, Nix WA, Kilpatrick DR, Oberste MS, 
Pallansch MA. Acute Flaccid Paralysis from Echovirus Type 33 infection. J 
Clin Microbiol. 2003;41:2230–2.

 13. Suresh S, Forgie S, Robison J. Non-polio enterovirus detection with acute 
flaccid paralysis: a systematic review. J of Med Virol. 2017;90:3–7.

 14. Odoom JK, Obodail E, Barnor JS, Ashun M, Quarm JA, Kwai MO. Human 
Enteroviruses isolated during acute flaccid paralysis surveillance in 
Ghana: implication for the post eracication era. The Pan African Med J. 
2012;12:74.

 15. Fernandez-Garcia MD, Kebe O, Fall AD, Kadaye N. Identification and 
molecular characterization of Non-polio enteroviruses from children with 
acute flaccid paralysis in west Africa, 2013–2014. Sci Rep. 2017;7:3808.

 16. Abbasian F, Saberbaghi T, Moosapour A. Role of Non-polioviruses in 
Acute Flaccid Paralysis. J Gastro Hepato Res. 2012;1:44–8.

 17. Rao CD, Yergolkar P, Shankarappa KS. Antigenic Diversity of Enteroviruses 
Associated with Nonpolio Acute Flaccid Paralysis, India, 2007–2009. 
Emerg Infect Dis. 2012;18:1833–40.

https://borgenproject.org/thailands-intensified-measures-against-polio
https://borgenproject.org/thailands-intensified-measures-against-polio
https://talk.ictvonline.org/ictv-reports/ictv_online_report/positive-sense-rna-viruses/picornavirales/w/picornaviridae/681/genus-enterovirus
https://talk.ictvonline.org/ictv-reports/ictv_online_report/positive-sense-rna-viruses/picornavirales/w/picornaviridae/681/genus-enterovirus
https://talk.ictvonline.org/ictv-reports/ictv_online_report/positive-sense-rna-viruses/picornavirales/w/picornaviridae/681/genus-enterovirus
http://www.picornastudygroup.com/taxa/species/species.htm
http://www.picornastudygroup.com/taxa/species/species.htm
http://picornaviridae.com/enterovirus/enterovirus.htm
http://picornaviridae.com/enterovirus/enterovirus.htm
http://emedicine.medscape.com/article/963458-overview
http://emedicine.medscape.com/article/963458-overview
https://www.sciencedirect.com/topics/medicine-and-dentistry/enterovirus
https://www.sciencedirect.com/topics/medicine-and-dentistry/enterovirus


Page 8 of 8Onvimala et al. Virol J          (2021) 18:153 

•
 
fast, convenient online submission

 •
  

thorough peer review by experienced researchers in your field

• 
 
rapid publication on acceptance

• 
 
support for research data, including large and complex data types

•
  

gold Open Access which fosters wider collaboration and increased citations 

 
maximum visibility for your research: over 100M website views per year •

  At BMC, research is always in progress.

Learn more biomedcentral.com/submissions

Ready to submit your researchReady to submit your research  ?  Choose BMC and benefit from: ?  Choose BMC and benefit from: 

 18. Maan HS, Dhole TN, Chowdhary R. Identification and characterization of 
nonpolio enterovirus associated with nonpolio-acute flaccid paralysis in 
polio endemic state of Uttar Pradesh, Northern India. [cited September 
29, 2019]. Available from: https:// doi. org/ 10. 1371/ journ al. pone. 02089 02.

 19. Faleye TOC, Adewumi MO, Japhet MO, David OM, Oluyege AO, Adeniji 
JA, Famurewa O. Non-polio enteroviruses in faeces of children diagnosed 
with acute flaccid paralysis in Nigeria. J Virol. 2017;14:175–83.

 20. O’Connor PM, Allison R, Thapa A, Bahl S, Chunsuittiwattiwat S, Hasan M, 
Khan Z, Sedai T. Update on Polio Eradication in the World Health Organi-
zation South-East Asia Region, 2013. J Infect Dis. 2014;210:S216–24.

 21. WHO. Polio laboratory manual. 4ed. Geneva 27 Switzerland: World Health 
Organization (WHO/IVB/04.10); 2004.

 22. Shahmahmoodi S, Mehrabi Z, Eshraghian M, Azad TM, Tabatabaie H, 
Yusefi M, et al. First detection of enterovirua 71 from an accut flaccid 
paralysis case with residual paralysis in Iran. J Clin Virol. 2008;42:409–11.

 23. Tao Z, Wang H, Lui Y, Li Y, Jiang P, Liu G, et al. Non-polio Enteroviruses 
from Acute Flaccid Paralysis Surveillance in Shandong Province, China, 
1988–2013. Sci Rep. 2014;4:6167.

 24. Harvala H, Jasir A, Penttinen P, Celentano LP, Greco D, Broberg E. 
Surveillance and laboratory detection for non-polio enteroviruses in 
the European Union/European Economic Area, 2016. Euro Surveill. 
2017;22:16–0087.

 25. Yusof MA, Samsudin MS, Ashatun SN, Denis JA, Ismail AK, Zawawi ZM, 
Thayan R. Human enterovirusA71 (EV71) isolated from acute flaccid 
paralysis patients without symptoms of hand foot and mouth disease. J 
Appl Biol Biotech. 2018;6:15–9.

 26. Saliva EE, Winkler MT, Pallansch MA. Role of enterovirus 71 in acute flaccid 
saliva paralysis after the eradication of poliovirus in Brazil. Emerg Infect 
Dis. 1996;2:231–133.

 27. WHO Regional Office for Europe and the United States Centers for Dis-
ease Control and Prevention (CDC). Enterovirus surveillance guidelines. 

Guidelines for enterovirus surveillance in support of the Polio Eradication 
Initiative. 2015.

 28. Chen CY, Chang YC, Huang CC, Lui CC, Lee KW, Huang SC. Acute 
flaccid paralysis in infants and children with enterovirus 71 infection: 
MR imaging findings and clinical correlates. AJNR Am J Neuroradiol. 
2001;22:200–5.

 29. Khetsuriani N, LaMonte-Fowlkes A, Oberstr MS, Pallansch MA. Entero-
virus surveillance-United States, 1970–2005. MMWR Surveill Summ. 
2006;55:1–20.

 30. Xu W, Liu CF, Yan L, Li JJ, Wang LJ, Qi Y, et al. Distribution of enteroviruses 
in Hospitalized children with hand, foot and mouth disease and relation-
ship between pathogens and nervous system complications. Virol J. 
2012;9:8.

 31. Roberts JA, Hobday LK, Ibrahim A, Aitken T, Thorley BR. Australian 
National Enterovirus Reference Laboratory annual report. Commun Dis 
Intell Q Rep. 2014;2017:E161–9.

 32. Hu YF, Yang F, Du J, Dong J, Zhang T, Wu ZQ, et al. Complete genome 
analysis of coxsackievirus A2, A4, A5, and A10 strains isolated from hand, 
foot, and mouth disease patients in China revealing frequent recombina-
tion of human enterovirus A. J Clin Microbiol. 2011;49:2426–34.

 33. Ozkaya E, Hizel KG, Akman S, Terzioglue S, Kuyucu N. An outbreak of 
aseptic meningitis due to echovirus type 30 in two cities of Turkey. Eur J 
Epidimol. 2003;18:823–6.

 34. Xiang Z, Gonzalez R, Wang Z, Ren L, Xiao Y, Li J, et al. Coxsackievirus A21, 
enterovirus 68, and acute respiratory tract infection. China Emerg Infect 
Dis. 2012;18:821–4.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.

https://doi.org/10.1371/journal.pone.0208902

	Genotyping of non-polio enteroviruses associated with acute flaccid paralysis in Thailand in 2013 and 2014
	Abstract 
	Background: 
	Methods: 
	Results: 
	Conclusion: 

	Background
	Methods
	Ethics approval
	Virus isolated samples
	RNA extraction and RT-PCR typing
	VP1 sequencing

	Results
	Discussion
	Conclusions
	Acknowledgements
	References


