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Enterovirus D68

• Member of the Picornaviridae family of 
non-enveloped +ssRNA

• Polyprotein cleaved into mature 
structural and non-structural proteins  by 
viral protease

• Typically causes mild respiratory 
infections

• 2014 outbreak of EV-D68 coincided 
with clusters of acute flaccid myelitis 
suggesting a causal link

• Similar outbreaks in 2016 & 2018
• Do different EV-D68 lineages exhibit 

different neurovirulence or neurotropism 
characteristics that could contribute to 
AFM development?



Objectives

• Use EV-D68 genome sequence and other data to
– determine of the virus is evolving due to diversifying (positive) 

selection
– determine if the driver of diversifying selection is evasion of adaptive 

immunity
– determine if there is a relationship between the drivers of virus 

evolution and changes in virulence characteristics



Virus Pathogen Resource (ViPR) data summary

• EV-D68
– 4673 genome sequences from 4044 strains, including 

554 complete genomes
– 13,254 protein sequences - 3,685 VP1
– 14 protein structures – capsid and 3C protease (PDB)
– 3 B cell/Ab epitopes (IEDB)

www.viprbrc.org



Enterovirus VP1 phylogenetic tree
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EV-D68 phylogenetic analysis using 
the hypervariable VP1 capsid gene

A
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D

• 1608 DNA sequences for the EV-D68 VP1 
protein with a minimal length of 800 
nucleotides from ViPR

• The CD-HIT program was used to remove 
highly similar and identical sequences

• Multiple sequence alignments were inferred 
using MAFFT 

• Maximum likelihood trees inferred using the 
RAxML program with the GTR model and 
rapid bootstrapping algorithm

• Representation in sequence record should not 
be interpreted as prevalence!

Fermon



A

B1

B2

B3

C

D

Asia

Europe

North America

A

B1

B2

B3

C

D
Fermon



A

B1

B2

B3

C

D
1962

A

B1

B2

B3

C

D

AFM



2011 2012 2013 2014

- AFM

- Year
- AFM/Year

B1

B3

B1

B3

B1

B3

B1

B3



2015 2016 2017 2018

- AFM

- Year
- AFM/Year

{

B1

B3

B1

B3

B1

B3

B1

B3



Evolutionary Drivers ó Virulence

• Evolution as mutation + selection
• Evolutionary rate ≠mutation rate

• Drivers of diversifying (positive) selection
• Enhance transmissibility (increasing R0)
• Escape from immunity

• Drivers of purifying (negative) selection
• Important structural amino acid
• Important functional amino acid

• Increased virulence?



Evolution of EV-D68 Clade B: 2007-2018
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2007

2018

Substitutions Aligned length Percent change
genome (nucs) 530 7285 7.28%
5'UTR (nucs) 25 698 3.58%
proteome (aa) 43 2188 1.97%

2A 3 147 2.04%
2B 0 99 0.00%
2C 6 330 1.82%
3A 0 89 0.00%
3B 0 22 0.00%
3C 4 183 2.19%
3D 8 457 1.75%
VP1 14 309 4.53%
VP2 6 248 2.42%
VP3 1 235 0.43%
VP4 1 69 1.45%

6.
6 

x 
10

-3
 s/n

/y

Kayla M. Peck, and Adam S. Lauring J. Virol. 2018; doi:10.1128/JVI.01031-17

EV-D68 Clade B



• Binding of CSF antibodies from AFM 
patients to EV-specific peptide arrays

• One D68-specific region with 
overlapping peptides

• Two neutralizing mouse monoclonal Abs
• Binding sites determined using cryoEM

• Defined sialic acid dependent and 
independent infection

• Some D68 isolates capable of infection 
without sialic acid

• Mapped amino acid differences to VPs

Characteristic VP1 position 1 2 5 6 90 91 92 93 94 95 96 98 99 143 144 148 168 169 171 207 218 239 240 241 243 280 282 283 290 297
Clade B 2007-2018 evolved positions 1,5,6,90,95,143,144,148,168,169,207,218,243,280 x x x x x x x x x x x x x x
Clade B diverifying sites (FUBAR) 1,2,148,297 x x x x
Sia-independent differences 169,282,283 x x x
B cell epitope - 11G1 (IEDB) 91,92,93,94,95,96,98,99,169,171,239,240,241 x x x x x x x x x x x x x
D68-specific CSF Ab binding 282-303 . x x x x



Co-localization of evolution drivers 
and receptor specificity determinants

- B3 evolved sites
- Neutralizing Ab epitope
- CSF antibody peptide
- Sia-independent infection

- Hydrophobic pocket factor

Capsid canyon
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• Evasion of herd immunity => substitution in Ab epitopes
• Affected receptor binding/severity as a side effect
• Severity setpoint based on viral genome
• Severity spread by non-viral factors
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Virion binding and entry in neurons

Infection Binding Transfection

HeLa SH-SY5Y

Brown DM, et al. (2018) mBio 9(5) 
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