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considered of high priority for 2022 MDA activities, i.e., 
that distribution of treatment to these communities 
would be scheduled first and coverage ≥85% should 
always be attained. Another 182 (27.8%) communities 
had received 11–19 effective treatment rounds and were 
considered a medium priority. Transmission was 
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Between 2018 and 2021, 97% of the 17 534 sequences 
reported to MeaNS were genotype D8 (67%) or genotype 
B3 (30%) (Table 2). 

The standard genotyping protocol used in the GMRLN 
consists of analysis of the extent of sequence diversity 
in N-450, a highly variable region of the genome. MeVs 
with different genotype designations clearly represent 
separate chains of transmission; however, as a genotype 
contains multiple chains of viral transmission, analysis 
of genetic diversity within genotypes is also required 
for identification of transmission pathways, despite the 
reduction in the number of circulating genotypes. To 
label sequences within a genotype, each unique N-450 
sequence submitted to the MeaNS database is assigned 
a distinct sequence identifier (DSId), in addition to the 
unique identifier assigned to each submission. DSIds 
allow identification of submissions with identical N-450 
sequences. Although GMRLN has not established a 
formal definition of a lineage of MeV, the term has often 
been used to describe recently diverged groups that may 
represent a single outbreak or one or more transmis-

Table 1  Updated list of measles genotypes
Tableau 1  Liste mise à jour des génotypes de la rougeole

Genotype – Génotype Last detecteda – Dernière détectiona Reference strain – Souche de référence GenBank H GenBank N

Ab 2008 MVi/Maryland.USA/0.54 U03669 U01987
A-Vac Vaccine (Edmonston Zagreb) xxxxxxx xxxxxxx
B1b 1983 MVi/Yaounde.CMR./12.83 AF079552 U01998
B2b 2011 MVi/Libreville.GAB/0.84 L46753 U01994
B3 Current MVi/New York.USA/0.94 L46752 L46753

MVi/Ibadan.NGA/0.97/1 AJ239133 AJ232203
C1b 1992 MVi/Tokyo.JPN/0.84 AY047365 AY043459
C2b 2007 MVi/Maryland.USA/0.77 M81898 M89921

MVi/Erlangen.DEU/0.90 Z80808 X84872
D1b 1986 MVi/Bristol.GBR/0.74 Z80805 D01005
D2b 2005 MVi/Johannesburg.ZAF/0.88/1 AF085498 U64582
D3b 2004 MVi/Illinois.USA/0.89/1 M81895 U01977
D4 2020 (16) MVi/Montreal.CAN/0.89 AF079554 U01976
D5b 2009 MVi/Palau.PLW/0.93 L46757 L46758

MVi/Bangkok.THA/12.93/1 AF009575 AF079555
D6b 2007 MVi/New Jersey.USA/0.94/1 L46749 L46750
D7b 2007 MVi/Victoria.AUS/16.85
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sion chains. Therefore, the current concept of a lineage 
would include one or more DSIds.

As the MeV sequences currently reported belong to only 
2 genotypes, genetic diversity within a genotype is 
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sequences reported to MeaNS. Overall, in 2018–2021, the 
10 most frequently detected named strains accounted 
for approximately 71% of all N-450 sequences reported 
to MeaNS (Table 2).

Because of the limited number of genotypes and wide-
spread distribution of a limited number of contempo-
raneously circulating DSIds and named strains, tracking 
transmission chains by analysing N-450 has become less 
useful, as it may be difficult to distinguish between 
continuous transmission of MeVs with the same DSId 
and repeated importations of MeVs with the same DSId. 
While such uncertainty can often be resolved by careful 
analysis of the epidemiological data, the resolution of 
genetic analysis can be improved by extending sequenc-
ing windows of the MeV genome, such as the non-
coding region between the coding regions of the matrix 
and fusion proteins (MF-NCR) or by obtaining the 
whole genome sequence (WGS).7 MeVs with the same 
DSId may be found to represent different lineages after 
extended sequencing windows are analysed. GMRLN 
recommends that N-450 sequences from as many chains 



RELEVÉ ÉPIDÉMIOLOGIQUE HEBDOMADAIRE, No 39, 30 SEPTEMBRE 2022	 489

Members of these groups have co-circulated and have 
direct ancestral relations, indicating that N-450 
sequences do not always provide adequate resolution of 
the chains of transmission. Acquisition of additional 
MeV sequence content (MF-NCR, WGS) and the useful-
ness of such data for phylogenetic inference are areas 
of intense research in GRMLN laboratories.

While ancestral relations among viral sequences are 
determined by phylogenetic analysis, the United King-
dom Health Security Agency has developed a prototype 
tool to aid GMLRN laboratories in determining the 
probability of sequence relatedness given a plausible 
nucleotide substitution rate. The tool does not require 
the computational resources necessary to perform 
advanced phylogenetic analysis8 and allows informed 
but rapid decisions on the probability of relatedness 
among sequences (N-450, MF-NCR and WGS) obtained 
from measles cases within a defined time. Although the 
probability tool will provide answers rapidly, the methods, 
especially input substitution rates, will have to be stan-
dardized by GMRLN and the results confirmed by stan-
dard phylogenetic analysis. 

Countries are required to report genotype data to 
regional verification commissions through their 
national verification committees. GMRLN recommenda-
tions for analysis of measles sequencing based on N-450 
are as follows:

	 Countries should link sequences from currently 
detected wild-type viruses to DSIds and named 
strains in MeaNS.

	 Data for different genotypes should be displayed 
separately.

	 When possible, countries should use phylogenetic 
analysis to define the relations between the 
sequences of contemporary cases. Regional Refer-
ence or Global Specialized Laboratories of GMRLN 
could provide assistance.

	

https://cdn.who.int/media/docs/default-source/immunization/vpd_surveillance/vpd-surveillance-standards-publication/who-surveillancevaccinepreventable-11-measles-r2.pdf
https://cdn.who.int/media/docs/default-source/immunization/vpd_surveillance/vpd-surveillance-standards-publication/who-surveillancevaccinepreventable-11-measles-r2.pdf
https://cdn.who.int/media/docs/default-source/immunization/vpd_surveillance/vpd-surveillance-standards-publication/who-surveillancevaccinepreventable-11-measles-r2.pdf
https://cdn.who.int/media/docs/default-source/immunization/vpd_surveillance/vpd-surveillance-standards-publication/who-surveillancevaccinepreventable-11-measles-french-r1.pdf?sfvrsn=6d8879f9_10&download=true
https://cdn.who.int/media/docs/default-source/immunization/vpd_surveillance/vpd-surveillance-standards-publication/who-surveillancevaccinepreventable-11-measles-french-r1.pdf?sfvrsn=6d8879f9_10&download=true
https://cdn.who.int/media/docs/default-source/immunization/vpd_surveillance/vpd-surveillance-standards-publication/who-surveillancevaccinepreventable-11-measles-french-r1.pdf?sfvrsn=6d8879f9_10&download=true


490	 WEEKLY EPIDEMIOLOGICAL RECORD, NO 39, 30 SEPTEMBER 2022

examples of display of DSIds and named strains 
for measles virus.

While this report provides recommendations for inter-
preting N-450 sequences, extended window and WGS 
capacity in GMRLN laboratories should be increased. 
The Next Generation and Extended Sequencing Working 
Group (NEW) of GMRLN is developing a strategy to 
standardize laboratory methods and increase sequenc-
ing capacity in the network. NEW will also develop 
quality control standards for WGS to complement those 
in the existing molecular external quality control 
programme. GMRLN is updating the procedures for 
accession of sequences into the MeaNS database and 
guidance for use of DSIds and named strain designa-
tions. GMRLN is also developing a procedure to define 
and display lineages of currently circulating wild-type 
viruses. GMRLN has established a working group to 
update the nomenclature for the genetic characteristics 
of wild-type measles viruses to reflect the phylogenetic 
relations among sequences with use of extended 
sequencing windows.

Use of molecular epidemiological tools to monitor 
transmission of MeV requires a robust surveillance 
system. The COVID-19 pandemic has reduced the sensi-
tivity of surveillance because of substantial decreases 
in the number of submissions to MeaNS in 2020 and 
2021 (Table 2). In addition, baseline virological surveil-
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