
• N-450 sequences from current outbreak 
samples were virtually identical and 
separated into two primary groups differing 
by only 1 nucleotide (Figure 2A) 

• MF-NCR analysis showed higher resolution 
than N-450 genotyping, separating samples 
into multiple clusters and distinguishing 
strains imported from the Ukraine and 
Poland (Figure 2 and 3) 

• 26 near complete genomes were obtained 
and compared to the N-450 and MF-NCR 
sequences (Figure 3)

• WGS increased the resolution of outbreak 
samples further than MF-NCR, separating 
cases into clusters not seen in either N-450 
or MF-NCR trees (Figure 3C)
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Figure 1: Measles virus genome showing the N-450 

and MF-NCR regions sequenced for genotyping and 

molecular epidemiology.  

October 2018: the largest measles outbreak in 

the US in 25 years began in NY State

September 2019: more than 800 cases have 

been confirmed in NY State, all D8 genotype

• Genetic characterization is useful for tracking 
importation and transmission pathways

• Current genotyping method uses sequencing 
of 450 nucleotides of the nucleoprotein gene 
(N-450)

• Extended sequencing, including the M-F  
non-coding region (MF-NCR) and whole 
genome (WGS) have been suggested for 
enhanced molecular epidemiology and 
improved phylogenetic resolution.

• In this study, the three methods were 
compared for their ability to differentiate 
measles strains.   
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• N-450 sequencing can provide genotype, 
but does not differentiate between strains 
from imported cases and those from local 
transmissions  

• MF-NCR analysis can be valuable for 
distinguishing new importations and may 
identify some lines of transmission 

• WGS provides the highest resolution 
between strains for the analysis of 
phylogenetic relationships, to monitor 
importations and assess measles 
transmission

• Deeper epidemiological investigations are 
ongoing to further identify relationships 
between and within clusters of cases
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• Measles-positive specimens from New York 
State (NYS), New York City (NYC) and New 
Jersey (NJ), were retrieved from frozen 
storage

• Conventional RT-PCR and Sanger 
sequencing produced N-450 and MF-NCR 
sequence data  (Figure 1)

• A subset of 29 samples were chosen for 
WGS, using two different methods:

1) CDC amplicon-based (kindly provided by 
CDC Division of Viral Diseases, adapted from 
Penedos AR et al, PLos One 2015)

2) Custom-designed AmpliSeq panel from 
ThermoFisher Scientific

Figure 2. Phylogenetic analysis of N-450 (A) and MF-NCR (B) sequence data from >400 NYS, NYC and NJ measles samples collected during the

2018-2019 outbreak. Maximum likelihood trees were obtained using MEGAX with the GTR model and 500 bootstraps. =identical sequences 

representing early to late outbreak samples.       =identical sequences representing mid-late outbreak samples. Index and known import cases are 

colored as in Figure 3.
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Figure 3. Phylogenetic analysis of 26 NYS, NYC and NJ measles viruses using A) N-450 B) MF-NCR and C) WGS.  Maximum likelihood trees 

were obtained using MEGAX with the GTR model and 500 bootstraps.  

338 identical sequences (wks 40.18 to 29.19)
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