
Emergence and resurgence of 
human enterovirus 68 
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Respiratory virus detected 
among pediatric patients 

http://www.webmd.com/children/ss/slideshow-enterovirus-68 

http://news.softpedia.com/news/Respiratory-Virus-EV-D68-
Threatens-to-Sicken-People-All-Across-the-US-458808.shtml#sgal_1 



• The most important neurotropic virus identified  
    during infancy and childhood.  
•  family Picornaviridae, genus Enterovirus 
•  replicate both in respiratory and alimentary tract 
•  transmitted predominantly via oral-fecal route 
•  a small non-enveloped virus (30 nm) 
• incubation period 3-5 days 

• Positive ssRNA genome (7.4 kb)  
icosahedral capsid enclosed 

Human Enterovirus  

Mackay I. J of Clin Virol 2008; 42 
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Presentation Notes
สารพันธุกรรมของไวรัสมีเพียง open reading frame  เดียว สำหรับสร้างโปรตีน ซึ่งแบ่งได้เป็น 3 ส่วน คือ P1, P2 และ P3 โดยส่วน P1 เป็นส่วนโครงสร้างไวรัส (Structural proteins), P2 และ P3 เป็นส่วนอื่นๆ (nonstructural proteins) ส่วนที่เป็น antigenic site คือ VP1 ส่วนที่เป็น nonstructural proteins มีหน้าที่ที่สำคัญมากมาย เช่น ช่วยในกระบวนการเพิ่มจำนวนของเชื้อไวรัส



HEV-A     (14) 
HEV-B     (52) 
HEV-C     (20) 
HEV-D      (3) 

predominantly found in hand 
foot and mouth disease 

including EV71, CA16 and CA6  

•  89 serotypes categorized into 4 species 

Relationships between known enteroviruses, based 
on full-length genome analysis. 

Yozwiak N L et al. J. Virol. 2010;84:9047-9058  
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VP4/VP2 VP1 

Piralla et al., 2010  Oberste et al., 1999 

HEV-C 



Image source: Cynthia S. Goldsmith 
and Yiting Zhang, CDC 

Image source: Cynthia S. 
Goldsmith and Yiting Zhang, CDC 



Human RHINOVIRUS (HRV) 
-first isolated in the 1953 

http://www.uq.edu.au/vdu/VDURhinovirus.htm 

  “common cold viruses” - frequent causative agents  
of mild upper respiratory tractinfections 

 www.theaustralian.com.au 

EV-D 68 (1962) 
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(Jun09-Aug15) 
 HRV = 8.4%  (HRV-A = 3.1%, B=1.5%, C=3.8%)  
 EV68 = 0.8%  other EV = 0.2% 

Percentage of respiratory virus detection in ILI patients 



 
 
Clinical symptoms 
 
 

 Upper respiratory tract, or common colds 

 More severe diseases 
 Acute otitis media in children 
 sinusitis in adults 

 Lower respiratory tract 
 Pneumonia,  
 wheezing in children,  
 exacerbations of asthma and chronic obstructive pulmonary 

disease (COPD) in adults 

www.doctorsecrets.com 

pH sensitivity Optimum growth 
temperature 

Site of infection 

HRV acid lability ~ 33°C respiratory tract 

 replicate in the ciliary epithelial cells of the nasal mucosa 
(lesser extent oral cavity and throat) 



   Prevalence of human rhinovirus in pediatric 
patients in Thailand, 2009-2015 
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 Enterovirus D68 (EV-D68) was first identified in 1962 in 
United State from four pediatric patients with pneumonia 
and bronchiolitis 

Monkey kidney cells infected with Fermon virus. 
(a) shows a single small focus of infected cells. (b) shows an advanced stage of 
infection; nearly all cells are morphologically altered. (Schieble, Fox et al. 1967) 
 

Family: Picornaviridae 
Genus: Enterovirus 
Species: Enterovirus D 



Clinical Manifestations 

http://www.examiner.com/infant-health-in-
national/with-whooping-cough-cases-on-the-
rise-cdc-recommends-adult-pertussis-vaccine-
for-infant-caregivers 

http://blogs.rrc.ca/wellness/2014/04/watchi
ng-paint-dry-what-actually-happening/ 

 EV-D68 has been reported to cause 
mild to severe respiratory illness, 
include upper and lower 
respiratory manifestations 

  
 cold-like or influenza-like illness,  
 atelectasis,  
 pneumonia,  
 airway obstruction, 
 fever,  
 Rash, 
 neurologic illness 

 aseptic meningitis 
 encephalitis 



EV68 first isolated 
prototype (Fermon 
strain) in 1945 
  

branched off into 3 
clusters of EV68  in 
the 1970s 

Diverged with EV 
species D 198 years 
ago (in 1813)  

Diverged with EV 
species A 680 years 
ago (in 1328)  

CE of  Clinical Virology . PLoS One. 2012. 



EV-A 

EV94 
EV68 

Substitution Rate and Evolutionary Timescale of 
Circulating EV68 Strains 

Substitution Rate  
EV68-VP1 gene was 
estimated at 4.93ₓ10-3 s/s/y 



Global EV-D68 Epidemiology 

 Italy  
 France 

 (2009-2010),  
 (2010-2012),  

 China  (2009-
2012), 

 New Zealand 
 (2010),  

 Great Britain 
 (2009-2010),  

 Kenya  (2008-
2011),  

 Japan  (2005-
2010),  

 the Netherlands 
 (2010),  

 Thailand  (2009-
2011)  



Nasopharyngeal aspirates obtained 
from the 3 patients were subjected to 
next-generation sequencing and 
genomic analysis. 

Our previous studies 

Semi-nested PCR :  5′UTR/VP2 region  and  VP1 gene  

CE of  Clinical Virology . PLoS One. 2012. 



ENTEROVIRUS 68 AMONG CHILDREN 
WITH ACUTE RESPIRATORY 

ILLNESSES IN THAILAND 
 



Pediatric patients with ARTI complications in 
Bangkok, Thailand between February 14, 2006 

and November 8, 2011. 
 Main characteristics of the study populations and respiratory specimens. 

• Severe cases; 0.9% (n = 16) 
• Moderate cases; 32.1% (n = 581)  
• Mild cases; 67%; (n = 1213)  

CE of  Clinical Virology . PLoS One. 2012. 
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   The percentage of pediatric patients with 
EV68 infection in Thailand, 2009-2015 

• EV68 has been found in Thailand  since 2009 
• The highest number of detected cases were in 2011 
• EV68 infection rates were higher during rainy seasons 

 



4.3% : highest prevalence in 2011  
1.1 % of the entired study population  

   The prevalence of EV-D68 infection in 
Thailand, 2006 - 2014 



Detection of EV68 in ARTI Patients 

CE of  Clinical Virology . PLoS One. 2012. 

25 were confirmed as EV68 infection accounting for 8.7% 
of RV-EV positive specimens and indicating a prevalence 
of 1.4% in the entire study population 



Clinical characteristics and demographic data of the 25 cases of EV68 infection. 

CE of  Clinical Virology . PLoS One. 2012. 

Presenter
Presentation Notes
EV68 were detected as a sole pathogen in 16/25 cases (64%). Co-infections by other respiratory viruses were found in 9 cases (36%) including 1 with respiratory syncytial virus (RSV) type A, 3 with influenza B virus (Flu-B), and the remaining 5 patients were co-infected with pandemic H1N1/2009 virus (pH1N1/2009). As shown in Table 3



Summary of clinical manifestations and 
diagnoses of the 9 patients hospitalized with 
EV68 infection 
Table 6. 

CE of  Clinical Virology . PLoS One. 2012. 



 Seasonal distribution of EV68 in Bangkok, Thailand 
combined from 3 years (2009–2011) 

Infection rates were higher during the 
rainy seasons of 2009 and 2011 while 
no seasonal pattern was apparent in 
2010. 

CE of  Clinical Virology . PLoS One. 2012. 



 EV68 TH-strains  
EVs TH-strains  

Phylogenetic Analysis – Enterovirus 68 

CE of  Clinical Virology . PLoS One. 2012. 





Thongpan I, et al. CE of Clinical Virology Chulalongkorn University, JJID 2016. 
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Patients were diagnosed with viral pneumonia and all required 
hospitalization as shown in Table 1.  

Thongpan I, et al. CE of Clinical Virology Chulalongkorn University, JJID 2016. 
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       Outbreaks strains other reported in 2014 

 TH-strains between 2009 and 2011  

Phylogenetic tree of VP4/VP2 
region  

 Phylogenetic relationship for EV-D68 detected among 
Thai pediatric patients during 2012–2014 using Neighbor-
joining (NJ) that were constructed from nucleotide 
alignments of the VP4/VP2 using MEGA software. 

 TH-strains between 2012 and 2014 

Thongpan I, et al. CE of Clinical Virology Chulalongkorn University, JJID 2016  
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Phylogenetic relationship for EV-D68 
detected among Thai pediatric patients during 
2009–2015 using Neighbor-joining (NJ) that 
were constructed from nucleotide alignments 
of the VP4/VP2 using MEGA software. 

Phylogenetic tree of  
Thai EV D68   

(VP4/VP2 region)  

 TH strains (n=16)
 EV68_Alberta4693_2014 Canada 2014

 CA/AFP/111767 USA 2014
 EV68_Alberta17390_2014 Canada 2014

 US/CA/146100 USA 2014
 TH_B2114 Thailand 2010
 TH_CU124 Thailand 2011

 2035Yamagata2010 Japan 2010
 09398 United Kingdom 2009

 90905081 France 2009
 TH_CB103 Thailand 2013

 TH_CB108 Thailand 2013
 BeijingR0132 China 2014

 TH_E1940 Thailand 2015
 TH_B2109 Thailand 2015

 TH_TU45 Thailand 2014
 TH_TU48 Thailand 2014

 TH_TU44 Thailand 2014
 TH_TU73 Thailand 2015

Group 1

 EVD68 QRS_010_2001 Australia 2001
 EVD68 QRS_282_2001 Australia 2001

 JPOC10404 Japan 2010
 2192Yamagata2010 Japan 2010
 JPOC10290 Japan 2010

Group 2

 TH_B1512 Thailand 2009
 TH_CU54 Thailand 2011

 CA/RESP/10786 USA 2013
 GA424 Gambia 2008

 TH_CU115 Thailand 2011
 TH_B4790 Thailand 2011
 TH_CU110 Thailand 2011

 10260  United Kingdom 2010
 NZ2010541 New Zealand 2010

 TH_CU70 Thailand 2011
 TH_CU151 Thailand 2011

Group 3

 AY426531 Fermon USA 1962
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EV-D 68  

 The prevalence of EV-D68 was quite low, accounting for only 
0.6%.  Lower than other countries in Europe  

     Prior to 2014, the prevalence of EV-D68 in Thailand 
averaging 1.5%,   
      0.45% found in China and 0.87% in Japan 
 
 EV-D68 infections in Thai children  
• Severe lower respiratory tract infection that required 

hospitalization 
• Mostly occurred in rainy seasons  

The circulation pattern was similar to influenza virus  
 
 
 
 

 
 

 
 

 



The emergence of enterovirus D68 in a Dutch 
University Medical Center and the necessity for 

routinely screening for respiratory viruses  

Randy Poelman, Elisabeth H. Schölvinck, Renze Borger, Hubert G.M. Niesters, Coretta van 
Leer-Buter  

Journal of Clinical Virology  
Volume 62, Pages 1-5 (January 2015)  

DOI: 10.1016/j.jcv.2014.11.011 

Copyright © 2014 The Authors Terms and Conditions 

http://www.elsevier.com/termsandconditions


EV-D68 occurrence in the Netherland 2009–2014. 

R. Poelman et al. / Journal of Clinical Virology 62 (2015) 1–5 



EV-D68 



Polio like EVD68 



Arch Pathol Lab Med—Vol 135, June 2011 Enterovirus 68 Infection—Kreuter et al 





Severe pneumonia Anterior spinal cord s 

neuronophagia of motor neurons 
by infiltrating lymphocytes. 

Anterior spinal cord 

T cells. 

Anterior spinal cord 

perivascular location of B cells 

Anterior spinal cord   

Lack of apoptotic 

Anterior spinal cord demonstrates 
the T-cell cytolytic protein located 
on the motor neurons 

Arch Pathol Lab Med—Vol 135, June 2011 Enterovirus 68 Infection—Kreuter et  



Acute Flaccid Myelitis Potentially Associated 
With Enterovirus D68: 



In August–September 2014, a cluster of 12 children 
with acute flaccid paralysis and cranial nerve dys- 

function was noted at Children’s Hospital Colorado 



States with lab-confirmed 
cases of Enterovirus D68 



    
In 2014, USA. a nationwide outbreak of EV-D68 associated with severe 
respiratory illness.  
 
From mid-Aug 2014 to Jan 15, 2015,  
CDC confirmed a total of 1,153 people in 49 states and the District of 
Columbia with respiratory illness caused by EV-D68.  
 
Almost all were among children, many whom had asthma or a history of 
wheezing.  
 
Additionally, there were likely millions of mild EV-D68 infections for which 
people did not get tested. 
 
CDC received about 2,600 specimens for enterovirus lab testing during 2014, 
which is substantially more than usual. About 36% of those tested positive 
for EV-D68. About 33% tested positive for an enterovirus or rhinovirus other 
than EV-D68. 
 
EV-D68 was detected in specimens from 14 patients who died. 



Genome Sequence of 
Enterovirus D68 from St. Louis, 

Missouri, USA 

Emerging Infectious Diseases • www.cdc.gov/eid • Vol. 21, No.1, January 2015 

Whole genome 

VP1 



Prachayangprecha S et al. CE in Clinical virology  Journal of Clinical Microbiology p. 3722–3730 October 2014 Volume 52 Number 10 



EID CE in Clinical Virology Emerging Infectious Diseases • www.cdc.gov/eid • Vol. 21, No. 2, February 2015 



EVD68 
• is not a novel virus  
•can cause respiratory tract infection 
• severe in young children with  
  asthma or underlying lung diseases 
• may be associated with AFP (acute  
  flaccid paralysis) 
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