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Activities of WHO RRL Luxembourg

• Molecular epidemiology of M/R strains 

• Retesting of sera from National Labs

• Monthly reporting of M/R surveillance data to WHO

• Training of staff from National labs

• On-site accredition visits to Sub/National Labs

• Distribution of Proficiency Panels 
• Supply to National Labs 

• M/R IgM kits to National Labs
• M/R clinical sample collection kits to National Labs
• In-house control sera for measles IgM/IgG
• Equipment, consumables

• Research activities related to M/R
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Classification based on 
H/N:

•8 clades A-H 
•23 genotypes

•A 
•B1–3 (B1)
•C1-2 (C1)
•D1–10, (D1)
•(E) 
•(F) 
•G1–3 (G1)
•H1-2

Ibadan.Nie/97/1 B3

NewYork.USA/94 B3

Yaounde.CAE/12.83 B1

Libreville.GAB/84 B2 

Edmonston-wt.USA/54 A
Erlangen.DEU/90 C2

Maryland.USA/77 C2

Tokyo.JPN/84/K C1
Goettingen.DEU/71 E

Madrid.SPA/94SSPE F

Amsterdam.NET/49.97 G2 

Gresik.INO/17.02 G3 

Berkely.USA/83 G1

Hunan.CHN/93/7 H1 

Beijing.CHN/94/1 H2 

NewJersey.USA/94/1 D6 

Bristol.UNK/74 D1

Johannesburg.SOA/88/1 D2 

Illinois.USA/89/1 D3 

Palau.BLA/93 D5 

Bangkok.THA/93/1 D5

Victoria.AUS/12.99 D9 

Montreal.CAN/89 D4 

Illinois.USA/50.99 D7 

Victoria.AUS/16.85 D7

Manchester.UNK/30.94 D8
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Genotypes in WHO EURO Region 2005-2006

A B2 B3 C2 D2 D3 D4 D5 D6 D7 D8 D9 D10 G2G3H1 H2
Albania
Andorra
Armenia
Austria
Azerbaijan
Belarus
Belgium
Bosnia-Herzegovina
Bulgaria
Croatia
Cyprus
Czech Republic
Denmark
Estonia
Finland
France
Georgia
Germany
Greece
Hungary
Iceland
Ireland
Israel
Italy
Kazakhstan
Kyrgyzstan
Latvia

A B2 B3 C2 D2 D3 D4 D5 D6 D7 D8 D9 D10 G2 G3 H1 H2
Lithuania
Luxembourg
Macedonia
Malta
Monaco
Montenegro
Netherlands
Norway
Poland
Portugal
Republic of Moldova
Romania
Russian Federation
San Marino
Serbia
Slovakia
Slovenia
Spain
Sweden
Switzerland
Tajikistan
Turkey
Turkmenistan
Ukraine
United Kingdom
Uzbekistan

Total: 0 1 10 0 0 0 14 6 17 0 4 2 0 0 1 5 0

Countries active genotypes Countries active genotypes

1-100 100-1000 >1000 reported cases in  2005-2006

Genotype information available from 25/53 countries



Genotype D6 variants in 2005-2006

D6

D6

D6
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D6
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D6

D6

D6
D6

D6

D6

D6

D6

D6

D6

D6-2000

D6-2005

2006: 55847 cases 
in WHO-EURO
80% from Ukraine

Kremer et al. Emerg Infect Dis 2007



Genotype D6 diversity in Europe 1996-2006

D6-2000 variant

D6-2005 variant

MVi/Minsk.BLR/28.04

MVi/Ankara.TUR/19.01

MVi/Moscow.RUS/03.04/1

MVs/Arizona.USA/04.05
Mvs/Rostov-na-Donu.RUS/13.05/1

Mvs/Rostov-na-Donu.RUS/13.05/2

Mvi/Ankara.TUR/29.04
MVi/Moscow.RUS/13.03/2

MVi/Dagestan.RUS/20.03

MVi/Sinop.TUR/11.01
MVi/Berlin.DEU/47.00

MVi/N.Osetiya.RUS/51.03

Mvs/Moscow.RUS/04.05
MVi/Sirnak.TUR/29.01/5
MVi/Moscow.RUS/25.03/2

MVs/Indiana.USA/3.06
MVs/New Mexico.USA/4.06

MVs/Minsk.BLR/11.03/3
NewJersey.USA/94/1 D6

MVi/Luxembourg.LUX/30.97/2
MVs/Rostock.DEU/34.96/1

MVi/Washington.USA/17.98 (CROATIA)
MVs/Rostock.DEU/34.96/2

MVi/Massachusetts.USA/30.97 (UKRAINE)
MVi/Newfoundland.CAN/12.97/1

MVi/Dudelange.LUX/25.96
MVi/Florida.USA/19.97 (ITALY)

MVi/Alberta.CAN/43.99/1
MVi/Vermont.USA/28.98 (CYPRUS)

MVi/Ankara.TUR/10.98/4
MVi/Rammeldange.LUX/46.99/1
MVi/Michigan.USA/52.99 (UNITED KINGDOM)

MVi/California.USA/8.00 (TURKEY)
MVi/Calgary.CAN/8.97/2

MVs/FtStJohnBC.CAN/26.00/1
MVs/Buenos Aires.ARG/38.02

MVi/Oberpallen.LUX/48.00/1

MVs/Dudelange.LUX/27.01/1
BeloHorizonte.BRA/97

MVs/Kempten.DEU/48.00
MVi/Ankara.TUR/38.00

MVi/Massachusetts.USA/27.97 (GREECE/ITALY)

2 nucleotides

Mvs/Vladimir.RUS/40.05

• 2000-2006
•Low genetic diversity

•Continuous endemic
circulation 

• 1996-2001
• High genetic diversity

• Transmission interrupted

Kremer et al. Emerg Infect Dis 2007

Netherlands

Italien

Europe

Bolivia Europe



Genotype D6 diversity in Europe 1996-2006

D6-2000 variant

D6-2005 variant

MVi/Minsk.BLR/28.04

MVi/Ankara.TUR/19.01

MVi/Moscow.RUS/03.04/1

MVs/Arizona.USA/04.05
Mvs/Rostov-na-Donu.RUS/13.05/1

Mvs/Rostov-na-Donu.RUS/13.05/2

Mvi/Ankara.TUR/29.04
MVi/Moscow.RUS/13.03/2

MVi/Dagestan.RUS/20.03

MVi/Sinop.TUR/11.01
MVi/Berlin.DEU/47.00

MVi/N.Osetiya.RUS/51.03

Mvs/Moscow.RUS/04.05
MVi/Sirnak.TUR/29.01/5
MVi/Moscow.RUS/25.03/2

MVs/Indiana.USA/3.06
MVs/New Mexico.USA/4.06

MVs/Minsk.BLR/11.03/3
NewJersey.USA/94/1 D6

MVi/Luxembourg.LUX/30.97/2
MVs/Rostock.DEU/34.96/1

MVi/Washington.USA/17.98 (CROATIA)
MVs/Rostock.DEU/34.96/2

MVi/Massachusetts.USA/30.97 (UKRAINE)
MVi/Newfoundland.CAN/12.97/1

MVi/Dudelange.LUX/25.96
MVi/Florida.USA/19.97 (ITALY)

MVi/Alberta.CAN/43.99/1
MVi/Vermont.USA/28.98 (CYPRUS)

MVi/Ankara.TUR/10.98/4
MVi/Rammeldange.LUX/46.99/1
MVi/Michigan.USA/52.99 (UNITED KINGDOM)

MVi/California.USA/8.00 (TURKEY)
MVi/Calgary.CAN/8.97/2

MVs/FtStJohnBC.CAN/26.00/1

MVi/Oberpallen.LUX/48.00/1

MVs/Dudelange.LUX/27.01/1
BeloHorizonte.BRA/97

MVs/Kempten.DEU/48.00
MVi/Ankara.TUR/38.00

MVi/Massachusetts.USA/27.97 (GREECE/ITALY)

2 nucleotides

Mvs/Vladimir.RUS/40.05

• 2000-2006
•Low genetic diversity

•Continuous endemic
circulation 

2005 in Germany, 
Switzerland, Israel, Russia 
2006 in Greece, Kazakhstan, 
Denmark, Uzbekistan 

Ukraine variant: 2006 also in
UK, Russia, Belarus, 
Spain, Latvia, 
Azerbaidjan, Estonia, 
Germany, Bulgaria 

Netherlands

Italien

Europe

Bolivia Europe



Genotype D4 in Europe 
2005-2006

MVs/Sarajevo.BIH/11.07/1
MVi/Bucharest.ROM/47.05/1
MVs/Novi Sad.SER/05.07
MVs/Barcelona.SPA/07.06/2
MVs/Valencia.SPA/22.06/2

MVs/Barcelona.SPA/41.06/1
MVs/Roma.ITA/41.06/1

MVs/Meran.ITA/33.06
Mvs/Bucharest.ROM/04.06/6

Mvs/Bucharest.ROM/48.04/1
MVs/Guimaraes.POR/29.05/1
Mvs/Bucharest.ROM/48.04/2
MVs/Berlin.DEU/16.05
MVs/Aarau.SWI/15.05
MVs/Frankfurt.DEU/03.05

MVs/Tarragona.SPA/27.05/1
MVs/Carlisle.GBR/04.05

MVs/StokeonTrent.GBR/19.06
MVi/Lyon.FRA/24.06/2

MVi/Tushino.RUS/19.00
MVi/Moscow.RUS/19.99

MVs/London.GBR/37.05
MVs/Madrid.SPA/50.05

MVs/DiredawaT.ETH/11.03/1
MVs/Eastern.KEN/35.02
Mvi/Elbasa.ALB/25.06/1
MVs/Athens.GRE/25.06

MVs/Copenhagen.DEN/31.06
MVs/Glasgow.GBR/16.06
MVs/London.GBR/07.06/3

MVs/Manchester.GBR/19.06
MVs/Copenhagen.DEN/17.06/2
MVs/Manchester.GBR/01.06

MVs/Bradford.GBR/53.04
MVs/Birmingham.GBR/18.06/2
MVs/Blackburn.GBR/18.05

MVs/Birmingham.GBR/17.06/2
MVs/London.GBR/18.06
MVs/Stoke on Trent.GBR/20.06

MVi/Montreal.CAN/89 D4
MVs/Grosseto.ITA/38.06

MVi/Warsaw.POL/28.06
MVs/Zagreb.CRO/48.03

MVi/Stockholm.SWE/26.05
MVs/Kiel.DEU/18.06

MVi/Adana.TUR/29.04
MVs/Bonn.DEU/12.06
MVs/Ravensburg.DEU/06.06
MVs/Odense.DEN/24.06
MVs/Omdurman.SUD/30.04/4

MVs/Petah-Tiqwa.ISR/29.04
MVs/Addis Ababa.ETH/23.03

MVi/Edmonston-wt.USA/54 A

Cluster 1

Cluster 2

Cluster 3

Cluster 4



Transmission of D4 in 2005-2006

D4 D4

D4

D4

D4

D4

D4

D4

D4

D4

D4

D4

D4

D4

D4

D4

D4

D4

D4

D4

D4

D4

D4

Cluster 1: Romania to 9 countries 
(India ?, East-Africa ?)

Cluster 2: Kenia 2002, Ethopia 2003
Cluster 3: Pakistan
Cluster 4: India, Lebanon

Kremer et al. Emerg Infect Dis 2007



IB/09/04
LAG/04/MV-011
MV/IB/23/04

LAG/04/MV-003
LAG/04/MV-002

Yola.NIE/23.05/5
MVi/Ibadan.NIE/11.9

LAG/04/MV-006
Mubi.NIE/23.05/1
MV/IB/08/04

MV/IB/01/04
MV/IB/21/04

Nigeria055
MVi/Ibadan.NIE/97/2

MVi/Ibadan.NIE/8.98/6
MVi/Lagos.NIE/11.98/2

MVi/Lagos.NIE/8.98
Yola.NIE/25.05/1

Yola.NIE/23.05/7
Yola.NIE/24.05/1

LAG/04/MV-010
LAG/04/MV-007
NiergiaNE051

NigeriaNE052
Yola.NIE/25.05/2

Yola.NIE/23.05/4
Yola.NIE/23.05/8

NigeriaNE053
LAG/04/MV-014
MV/IB/07/04

Yola.NIE/23.05/3
MV/IB/12/04

NigeriaNE054
B3.1
MVi/Ibadan.NIE/97/1

MVi/Ibadan.NIE/9.98/7
MVi/Ibadan.NIE/7.98/2

MVi/Ibadan.NIE/9.98/4
MVi/Ibadan.NIE/9.98/11

B3.2
MVi/Ibadan.NIE/10.98/1

0.005 

• 14 variants among 37 strains

• genetic distance:  0 to 3.1 %

• 8 variants among 10 strains 
collected within 2 weeks in Yola

• 15 variants within 29 strains

• genetic distance:  0 to 2 %

Ibadan/Lagos 2004

NIE Nigeria 2005

• No identical strains in 
1998, 2004 and 2005
• B3.2 strains were only 
found in 1997/98 
• Maximum genetic distance 
1998-2005: 4.7 %

NIE Nigeria 2005

Hanses et al. 1999

Diversity of MV in Nigeria 1998-2005



Genotype B3 Europe 2005-2006

MVs/Las Palmas.SPA/11.06/1
MVs/Lucerne.SWI/21.06
MVs/Madrid.SPA/05.06/1

MVs/Kingston upon Thames.GBR/20.06/3
Mv/Aarau.SWI/07.06

MVs/London.GBR/19.05
MVs/Ibadan.NIE/05.04

MVs/Lagos.NIE/08.04
MVs/London.GBR/31.05
MVs/Roma.ITA/43.06/2
MVi/Shkodra.ALB/44.06

MVs/Ibadan.NIE/01.04
MVs/Copenhagen.DEN/07.06
MVi/Malmo.SWE/10.06
MVs/Malaga.SPA/07.06/1

MVs/Stuttgart.DEU/04.06
MVi/New Jersey.USA/45.05
MVs/Gouda.NET/47.05
MVs/Yola.NIE/25.05/2
MVs/London.GBR/26.06/3
MVi/Machakos.KEN/42.05

MVi/Ibadan.Nie/97/1 B3.1

MVi/Yaounde.CAE/01/9
MVs/Caen.FRA/20.05

MVs/Bata.EQG/01/1
MVs/Caen.FRA/23.05
MVs/Kimbanseke.DRC/37.02/4

MVi/NewYork.USA/94 B3.2
Edmonston-wt.USA/54 A

99

2 nucleotides

• In Spain, Switzerland, UK, Italy, 
Albania, Germany, Denmark, 
Sweden, The Netherlands, France

• Multiple variants

• Maximum distance:
13 nucleotides (2.9%)

(D4: 24 nucleotides 5.3%) 

(D6: 7 nucleotides, 1.6%)

• Most likely several independent 
importations from Africa

Kremer et al. Emerg Infect Dis 2007



Other genotypes

D5: The Netherlands, 
UK, Sweden, Denmark

D8: UK, Spain, 
Switzerland, Israel

D9: UK, Denmark

B2: Germany

G3: UK

H1: Russia, Spain, UK, 
Bulgaria, Sweden

No indigenous C2 and 
no D7

MVs/Nijmegen.NET/33.05/02
MVs/Luton.GBR/6.05

MVi/Helsingborg.SWE/14.06
MVs/Copenhagen.DEN/13.06 (THAILAND)

MVs/Nijmegen.NET/36.06 (HUNGARY)
MVi/Linkoping.SWE/17.05 (THAILAND)

MVs/Nijmegen.NET/33.05/01
Bangkok.THA/93/1 D5

Palau.BLA/93 D5
Illinois.USA/89/1 D3

Montreal.CAN/89 D4
Victoria.AUS/12.99 D9
MVs/Bristol.GBR/13.05

MVs/Bristol.GBR/15.05
MVs/Alborg.DEN/37.06 (INDONESIA)

Illinois.USA/50.99 D7
Victoria.AUS/16.85 D7

MVs/Lausanne.SWI/06.05/2 
MVs/Granada.SPA/25.05

MVs/Douglas.GBR/15.06
MVs/Enfield.GBR/9.06

Manchester.UNK/30/94 D8
MVs/Birmingham.GBR/17.06

MVs/London.GBR/14.05
MVs/Jerusalem.ISR/15.06

MVs/London.GBR/18.06/4 (INDIA)
MVs/Jerusalem.ISR/17.06

Bristol.UNK/74 D1
NewJersey.USA/94/1 D6

Johannesburg.SOA/88/1 D2
Kampala.UGA/51.00.1 D10

Madrid.SPA/94 SSPE F
Erlangen.DEU/90 C2

Maryland.USA/77 C2
Tokyo.JPN/84/K C1

Goettingen.DEU/71 E
Edmonston-wt.USA/54 A

MVs/Berlin.DEU/41.05 (CAMEROON)
Libreville.GAB/84 B2

Yaounde.CAE/12.83 B1
NewYork.USA/94 B3.2

Ibadan.Nie/97/1 B3.1
MVs/London.GBR/21.06

Gresik.INO/18.02 G3
Amsterdam.NET/49.97 G2
Berkely.USA/83 G1

Beijing.CHN/94/1 H2
Hunan.CHN/93/7 H1

MVi/Umea.SWE/10.05 (CHINA)
Mvs/Chita.RUS/26.06
Mvs/Chita.RUS/27.06

MVs/Santa Cruz de Tenerife.SPA/39.05
Mvs/Chita.RUS/23.06
Mvs/Irkutsk.RUS/26.06

MVs/Aberdeen.GBR/10.06 (CHINA)
MVi/Sofia.BUL/15.05 (CHINA)
MVi/Sofia.BUL/19.05 (CHINA)

5 nucleotides

D5

D9

D8

B2

G3

H1



Poland 2006

NewYork.USA/94 B3
Ibandan.Nie/97/1 B3

Yaounde.CAE/12.83 B1
Libreville.GAB/84 B2

Edmonston-wt.USA/54 A
Goettingen.DEU/71 E

Tokyo.JPN/84/K C1
Erlangen.DEU/90 C2

Maryland.USA/77 C2
MVs/Madrid.SPA/94 SSPE F

Hunan.CHN/93/7 H1
Beijing.CHN/94/1 H2

Berkely.USA/83 G1
Amsterdam.NET/49.97 G2

Gresik.INO/18.02 G3
Johannesburg.SOA/88/1 D2

Kampala.UGA/51.00.1
Bristol.UNK/74 D1

NewJersey.USA/94/1 D6
Illinois.USA/50.99 D7

Victoria.AUS/16.85 D7
Manchester.UNK/30/94 D8

MVi/Warsaw.POL/06
Montreal.CAN/89 D4
Victoria.AUS/12.99 D9

Illinois.USA/89/1 D3
Palau.BLA/93 D5

Bangkok.THA/93/1 D5

5

• D4 strains during 2nd phase!

• Co-circulation of D6 during 1st

phase? 

• Epidemiological link to Ukraine not 
confirmed 

Measles clusters in different regions between 
Jan-May 2006 – suspected link to the Ukraine 

? D4



MV Genotypes 2007: Further reduction of diversity

D4 D4

D4
D6

D4
H1

B3

D6

D6 B3
D4

D4
B3 D5

D6

D4

D4
D6
D5 D6

D6

D6

D9

D6

D4

B3

B3
B2

D4
D6
D8

B3

D6

D4

D4

D4

D6
H1

B3 D6
D8

D4

D6

B3
D4
D5
D6
D8

G3
H1

B3

D5
D4

D4

D6

D6

H1

D5

B3

H1

D8

D9

D5

D5
D6
D8
H1

D4
D5
D8

D6

D4

D4

D4

D5 D5

D5
D5

D4

D5

D6

D6

D6

D6

B3
D4

D8

2005-2006

D8

2007



Identical D4 sequences in 6 countries 

D4

D4

D4
D4

D4D4United  
States

UK: April-December 2007
Outbreak in traveller community and 

Jewish Orthodox community

Norway: May 2007
Outbreak in traveller community linked to UK

Belgium: August-December 2007
Different clusters in Jewish orthodox

community linked to UK and Israel
Germany: August 2007: 2 sporadic cases (UK)

Oct.-Dec. 2007: outbreak in Bavaria 
with suspected link to UK

Israel: August 2007-?
Outbreak in Jewish orthodox community
linked to Belgium and UK

US: November 2007
Sporadic case linked to Israel



Measles Genotypes in Euro 2005-2007
Summary and Conclusions

• D6, D4 and B3 dominated in 2005-2007

• D6 continues to be endemic in Europe but diversity decreases
compared to the 1990s

• Multiple importations of D4 and B3 from other continents

• Sporadic importations of other genotypes (D8, G3, B2, H1, D5, D9)

Endemic transmission of many variants (genotype C2, D7 
and partially D6) has been interrupted in EURO

But: Large outbreaks in EURO (2005-2007) were due to 
continued endemic transmission of MV and the introduction 
of imported strains into hard-to-reach populations



 RV i/M ins k .B LR /18.05/2

 RV i/M ins k .B LR/27.05/1

 RV i/M ins k .B LR/28.05/1

 A Y 968210-1E

 RV i/M ins k .B LR/24.04/1

 A Y 968221-1E

 A Y 968214-1D

 A Y 968216-1D

 E F 602117-1j

 A B 238919-1j

 A Y 968213-1F

 A Y 968215-1F

 L78917-1a-V A C

 A B 047330-1a

 A Y 968209-1B

 A Y 968207-1B

 A Y 968208-1B

 A Y 161360-1i

 A Y 161352-1i

 A M 258953-1h

 RV i/M ins k .B LR /26.05/1

 RV i/M ins k .B LR/12.05/1

 RV i/M ins k .B LR/24.05/1

 DQ 454161-1h

 E F 588978-1G

 E F 588970-1G

 A M 258945-1G

 RV i/M ins k .B LR/52.04/2

 RV i/M ins k .B LR/52.04/1

 RV i/M ins k .B LR/52.04/3

 RV i/M ins k .B LR/02.05/1

 RV i/M ins k .B LR/18.05/1

 A Y 968217-1C

 A Y 968212-1C

 A Y 968211-1C

 A F 188704-1a-V A C

 M 30776-1a-V A C

 DQ 388279-2C

 DQ 085340-2C

 A Y 258322-2A

 A Y 258323-2A

 A Y 968219-2B

 A Y 968220-2B

 A Y 968218-2B

100

99

100

93

97

92

62

99

53

100

70

98

99

82

96

99

86

97

89

90

90

78

80

84

91

62

53

100

51

0.01

Genotyping of RV isolates from Belarus

new genotype 1h

genotype 1G

genotype 1E

NJ tree based on 
739 bp window 
sequences

• First RV strains from Belarus 

• 14 isolates from urine and throat 
swabs

• Lineages

• 2 lineages of 1E 

• 2 lineages of former provisional 
genotype 1g seperated into 

• new genotype 1h

• genotype 1G

• New genotypes can still be found 
(even) in Europe

•Huebschen et al. J Gen Virol 88, 1960-6, 2007

former genotype 1g



Molecular epidemiology

• Monitor transmission of measles virus during and after 
outbreaks

• Define geographic distribution of  MV genotypes

• Detect interruption of indigenous virus circulation

• Differentiate between endemic virus and imported virus

• Monitor efficiency of vaccination strategies

• Estimate the number of co-circulating variants

• Confirm suspected vaccine reactions 
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