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Measles Virus Genotyping and Circulating Genotypes
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Abstract: The measles virus has a single serotype although 23 genotypes have been identified by analysis of the se-
quences of the nucleoprotein (N) and hemagglutinin (H) genes. Infection by any genotype induces life-long immunity
against all genotypes. No genotype has been associated with greater virulence or persistence. Some genotypes may be as-
sociated with specific geographic regions, although the majority cause outbreaks and sporadic cases in any country.
Therefore, knowledge of the circulation of genotypes in the different World Health Organization Regions is important to
enable not only the follow-up of each case of measles but also the evaluation of surveillance systems designed to achieve
the elimination of measles. The presence of various genotypes in the same country in a short period of time is one of the
indicators of elimination defined by the World Health Organization. Therefore, detailed study and characterization of each
case of measles found in a region, the search for its origin and the evolution of its variability over time is fundamental for
the elimination plans established in all WHO Regions. This work reviews which genotypes have been detected, especially

in Spain.
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INTRODUCTION

Measles is a major cause of infant mortality worldwide,
mainly in developing countries, even though mortality de-
creased by 74% between 2000 and 2007, i.e., from 757,000
estimated deaths to 197,000. The largest percentage reduc-
tion by region was in the Eastern Mediterranean (90%) and
African (89%) regions of the World Health Organization
(WHO), accounting for 16% and 63% of the global reduc-
tion, respectively [1, 2].

As the incidence of measles and rubella is low in many
developed countries as well as in countries with advanced
control or elimination programmes, the positive predictive
value for the clinical examination of cases is also low.
Therefore, surveillance of individual cases is necessary and
is based on laboratory diagnosis using IgM detection to-
gether with genotyping of the circulating virus strains [3].

Genetic characterization of the wild measles virus (MV)
has enabled 23 genotypes to be identified, although the virus
is considered to have only one serotype, since antibodies
generated after infection by a specific genotype neutralize in
vitro and protect against posterior infections by all other
genotypes. None of the 23 genotypes is associated with
differences in disease severity, in the probability of severe
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sequelae such as subacute sclerosing panencephalitis (SSPE)
or inclusion body encephalitis, or variability in the sensitiv-
ity of laboratory diagnosis.

However, specific genotypes have a specific geographic
distribution, and this may be useful epidemiologically for
characterizing outbreaks and for designing epidemiological
circulation models [4].

The first instructions for the development of a uniform
nomenclature of wild MV strains were published by the
WHO in 1998 [5] and updated in 2001 [6] and 2003 [7]. The
genotypes defined, together with their reference sequences
published in the GenBank database (http://www.ncbi.nlm.
nih.gov) are shown in Table 1 [8].

The WHO recommends that the 450 nucleotides coding
for the 150 amino acids of the COOH terminal of the N nu-
cleoprotein are the minimum sequence data required for
genotyping a measles virus isolate or clinical specimen.
Complete H (hemagglutinin) gene sequences should be ob-
tained from representative strains or when a new genotype is
suspected [8].

The genotype of a strain is assigned by computerized
comparison with the closest reference sequence, within
minimum limits of similarity. If the genotype cannot be
suitably identified with any known sequence, the WHO also
provides guidelines for the description of a new genotype

[9].

A genotype is considered endemic in a specific region if
it is found for a long, more or less continuous period,
whereas if different genotypes associated with limited out-
breaks and/or sporadic cases are found, they probably result
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Table 1. Measles Virus Reference Genotypes Name of Strain and Access Number of GenBank Data Base for N and H Genes
Genotype Activity Reference Strain Access GenBank H Gene Access GenBank N Gene
A Active Edmonston-wt. USA/54 U03669 U01987
B1 Inactive Yaounde. CAE/12.83 “Y-14” AF079552 U01998
B2 Active Libreville. GAB/84 “R-96” AF079551 U019%4
B3 Active New York. USA/94 L46752 L46753
Ibadan. NIE/97/1 AJ239133 AJ232203
C1 Active Tokyo. JPN/84/K AY047365 AY043459
C2 Active Maryland. USA/77 “IM” M81898 M89921
Erlangen. DEU/90 “WTF” 780808 X84872
D1 Inactive Bristol. UNK/74 (MVP) Z80805 D01005
D2 Active Johannesburg. SOA/88/1 AF085198 U64582
D3 Active Illinois. USA/89/1 “Chicago-1” M81895 uo01977
D4 Active Montreal. CAN/89 AF079554 Uo01976
D5 Active Palau. BLA/93 L46757 L46758
Bangkok. THA/93/1 AF009575 AF079555
D6 Active New Jersey. USA/94/1 L46749 L46750
D7 Active Victoria. AUS/16.85 AF247202 AF243450
Illinois. USA/50.99 AY043461 AY037020
D8 Active Manchester. UNK/30.94 U29285 AF280803
D9 Active Victoria. AUS/12.99 AY127853 AF481485
D10 Active Kampala. UGA/51.00/1 AY923213 AY923185
E Inactive Goettingen. DEU/71*“Braxator” 780797 X84879
F Inactive MVs/Madrid. SPA/94 SSPE 780830 X84865
G1 Inactive Berkeley. USA/83 AF079553 U01974
G2 Active Amsterdam. NET/49.97 AF171231 AF171232
G3 Active Gresik. INO/17.02 AY184218 AY184217
H1 Active Hunan. CHN/93/7 AF045201 AF045212
H2 Active Beijing. CHN/94/1 AF045203 AF045217

from distinct imports rather than circulating endemic viruses
[10]. However, in countries with sustained endemic circula-
tion, many lineages of the same genotype coexist, whereas
in epidemic outbreaks, diversity within the same genotype
decreases [11].

METHODS OF VIRUS CHARACTERIZATION

In order to sequence the 450 nucleotides of the hyper-
variable region of the N gene or the complete H gene, one or
more genomic fragments are amplified by RT-PCR (retro-
transcriptase-polymerase chain reaction), either on a strain
isolated from cell lines or directly from the clinical speci-
men. Evidently, obtaining isolates, besides being less sensi-
tive than PCR on specimens, means more time is needed for
obtaining the strain. The best clinical samples are from pha-

ryngeal exudates and urine, since the viral genomes are only
detectable in serum by PCR for a very short time, and the
yield is very low. However this method should be tried in
cases for which only sera are available. Sequencing the
fragment obtained by PCR enables comparison of the se-
quence by phylogenetic analysis programmes, using the
WHO reference strains (Table 1). Once the genotype is
known, comparison with the other sequences of the same
genotype available in public databases enables the geo-
graphic localization of the outbreak and the follow-up of
transmission within an outbreak or even between outbreaks
or cases in different countries, since some genetic variability
between strains of the same genotype may be observed. In
countries without circulation of wild virus, where there is no
variation in the carboxyl terminal of the N gene within an
outbreak, differences in genes such as the phosphoprotein
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gene or the H gene [12], could enable determination of
whether one or more imports of the same genotype are oc-
curring, facilitating more accurate surveillance.

Once a correct fragment is obtained, it is purified by
manual methods or commercial kits. The sequencing reac-
tion is carried out in both strands of DNA, and the nucleotide
sequence is then determined by an automatic sequencer.

Programmes such as Clustal X [13], MegAlign ( DNAS-
tar, Inc.Wisconsin, USA) or BioEdit [14] are usually used to
align or compare the test sequence with reference sequences;
programmes like Mega v3.1 [15], Phylip (Felsenstein, J.;
Washington, USA), MrBayes (Huelsenbeck, J.P., California;
Ronquist, F., Florida; USA) are used to obtain the phyloge-
netic trees required to assign the genotype.

GLOBAL MOLECULAR EPIDEMIOLOGY OF
MEASLES

Although complete MV surveillance is difficult, the con-
tinuous global flow of new reports provides an approxima-
tion of the circulation or appearance of each genotype in
different WHO Regions. Virological surveillance data, when
contrasted with standard epidemiological data can help to
document transmission chains and the classification of each
case. Likewise, they also help to document the elimination of
endemic transmission and therefore provide a way to meas-
ure the effectiveness of control programmes [4].

Genotypes A, C1 and D1 were detected before the intro-
duction of the measles vaccine. Analysis of sequences ob-
tained from SSPE cases resulting from primary infection in
the 1950s and 60s permitted the detection of genotypes Cl,
D1, E and F. However there is no evidence that a specific
genotype has a major probability of causing SSPE: rather,
the results are an indication of the efforts made to study this
persistent complication of MV. Retrospective analysis of the
sequences of isolates carried out during the 1970s showed
continuous detection of genotypes Cl and DI and the first
detections of genotypes C2, D2, D4, and F. The remainder of
the 23 genotypes were detected between 1980 and 2000;
however some (B1, D1, F and G1) have not been detected in
the last 15 years and are therefore considered inactive [8].
Genotype A was found in acute cases of measles in the USA
[16] and South America [17], China [18], Japan [17], Russia
[19], Finland [17] and the United Kingdom [20] from the
1950s to the 1990s. Current vaccines are derived from old
strains of this genotype. However, the detection of genotype
A in association with acute cases of measles would require
detailed study, including more information on the genome
detected in both specimens and isolates, in order to safely
identify the vaccine-induced virus [11].

Genotype B2, previously considered inactive, has re-
cently been detected in South Africa (2002), Angola (2003)
and the Democratic Republic of the Congo (2005) [21]. B3
is the endemic genotype in West and Central Africa [22] and
has been imported to various European countries in recent
years [22, 23].

Genotype C1 was found in Northern Ireland, Japan, the
USA, Spain and Germany in cases of SSPE [11] and in Can-
ada [24], Japan [25] and Germany [26] in acute cases of
measles. In Argentina the last outbreak caused by genotype
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C1 occurred at the beginning of the 1990s [27]. Genotype C2
has circulated around Europe, where it has remained en-
demic in different countries, but has not caused outbreaks
since 2004. In addition, between 1995 and 1997, exports to
Canada from France and Germany [24] and to the USA from
Italy, Austria, Greece and Germany, were detected [17] and
the genotype was also identified in Australia in 1990 and
1991 [28] and Morocco in 1998 and 1999 [29].

Genotype D1 was endemic in Australia in the prevacci-
nation era [28] and was also detected in the United King-
dom in the pre-vaccine era [30] but has not been found since
1986. Genotype D2 was endemic in Southern Africa from
the end of the 1970s until 2000 [31, 32] and also caused a
large outbreak in Ireland in 1999-2000 [33]. Genotype D3 is
endemic in Papua New Guinea [34] and, possibly, the
Philippines, given the imports to the USA associated with
the Philippines [11]. Genotype D4 is widely distributed and
has been associated with multiple outbreaks in the Indian
subcontinent and East and Southern Africa and an outbreak
in Quebec (Canada) in 1989. Genotype D4 has recently been
found in several European countries, including Germany
(2005 and 2006), Croatia (2003-2004), Denmark (2006),
France (2006), Italy (2006), Romania (2004-2007) and Rus-
sia (2000-2006) among others [23], and in Asian countries
like Syria and Iran in 2003 [35], and Indian Ocean Islands
such as Mayotte (2005-2006) and the Seychelles (2006) [36].
Genotypes D2 and D4 co-circulated in Southern Africa from
the beginning of the 1970s until the end of the 1990s [11].
Genotype D5 is endemic in Cambodia [37]. Genotype D6
has spread widely in Europe and may have been endemic,
together with genotype C2, since the 1990s. In 2005-2006, it
was detected in 17 European countries, mainly with respect
to a large outbreak in the Ukraine. Currently, genotype D6 is
endemic in Turkey and the Russian Federation [23]. Geno-
type D7 circulated in the UK and Australia during the 1980s,
and more recently has been found in several European coun-
tries, although it seems to be missing from Europe since
2004. It has recently been detected in India[38]. Genotype
D8 seems to co-circulate with genotype D4 in the Indian
subcontinent [39] and Ethiopia [40]. Genotype D9, de-
scribed for the first time after its importation to Australia
from Indonesia (Bali) in 1999, was isolated during the out-
break in Colombia and Venezuela in 2000-2001 and was
associated with an outbreak in Japan in 2004 [11]. Genotype
D10 was described for the first time in outbreaks in Uganda
in 2000-2002 [31].

Group G consists of three genotypes, of which the origi-
nal, G1, has not been detected since 1983; the other two (G2
and G3) are associated with transmission chains and imports
from Indonesia and Malaysia [41].

Group H contains two genotypes that predominate in
Asia. Genotype H1 is endemic in China and is divided into
two clusters that circulate throughout the whole country [42];
it was also detected in the epidemic in Korea in 2000-2001
[43] and, since 2000, has been the predominant genotype in
Japan [44]. Its circulation in Mongolia has also been veri-
fied. Genotype H2, first described in China, was recently
associated with imports from Vietnam [45, 46].

Therefore, some MV genotypes are associated with a
specific geographic region while others are more widely dis-
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tributed. Group B predominates in Sub-Saharan and Central
Africa, group G in Southeast Asia, and group H in China and
Southeast Asia. Group D, however, is more widely distrib-
uted and is found in East Africa, parts of Europe and the
Indian subcontinent [11].

MOLECULAR EPIDEMIOLOGY OF MEASLES IN
EUROPE

In 2002, the WHO European Region designed and intro-
duced a strategic plan for combating measles and congenital
rubella syndrome (CRS), which proposes interruption of the
transmission of the wild MV and a reduction in the incidence
of CRS to < 1/100,000 live births by 2010. In 2004, the na-
tional heads of vaccination programmes of the European
Region and the WHO European Technical Advisory Group
of Experts on Immunization (ETAGE) reviewed the objec-
tives of the plan and recommended the inclusion of rubella
elimination in the strategy [47].

In the years before general use of the vaccine and up to
2005, there was no joint information on the genotypes circu-
lating in Europe that could associate the appearance of the
same genotype in different European Region countries. The
evidence for this period allows few conclusions to be drawn.
Between the 1960s and end of the 1990s, genotype A was
detected in the former Czechoslovakia, Finland, Russia and
Denmark. In 2001-2002, genotype A was detected in Bela-
rus. Since all current vaccines belong to this genotype, after
the introduction of the vaccine, the complete sequence of the
H gene and/or the vaccination history must be studied to
determine whether these cases are due to the wild virus or
are vaccine induced.

During the 1990s, genotypes C2 and D6 were apparently
the main genotypes detected throughout Europe and were
endemic in some countries including Germany, at least until
2000, when a sudden replacement by genotype D7 occurred
[48]. In the 1990s, genotype C2 was also detected in the
Czech Republic (1992) [19], Denmark (1997) [49], Luxem-
bourg and Holland during 1991-1994 [50], the United King-
dom in 1992-1995 [30] and Spain between 1992 and 1994
[51]. Genotype D6 was detected in the United Kingdom
(1992-1995) [30], Russia (1997) and Poland (1998) [19],
Turkey (1998) [52], Italy and Luxembourg (1996-1997)
[50], Denmark (1998) [49] and Spain (1994-1997) [51] in
the 1990s.

Other genotypes detected before 2005 were D7, which
was endemic in Europe at the beginning of the second mil-
lennium in countries like Germany (2000-2001) [53], Bela-
rus (2003) [54], Spain (2001-2003) [55], France [56] and
Italy (2002) [57], and was last detected in 2004. Genotype
D4 was detected in Russia (2003) [45], Croatia in an out-
break in 2003-2004 [58], Germany in 2000 [48] and Den-
mark (1998) [49]. Genotype HI1 was detected in Russia in
2000 [45] and Germany in 2001 [53]. Genotype D8 was
found in Switzerland in 2003 [59]; genotype B3 in Germany
(2000) [48] and Spain (2003) [55]. Genotype D5 was
observed in Switzerland in 2003 [59] and Germany in
2002 [53]. Genotype G2 was found in Germany (2001) [48],
genotype D2 in an imported outbreak in Ireland in 2000 [33],
and, finally, genotype D3 was detected in Denmark in 1997
[49].
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The first joint European study on the circulation of geno-
types in the period 2005-2006 [23] identified 9 MV geno-
types in the WHO European Region. The largest outbreaks
were associated with genotypes D4, D6 and B3, and the re-
maining outbreaks and sporadic cases were caused by geno-
types B2, D5, D8, D9, G2 and H1. During 2005-2006, geno-
type D6 was detected in 17 of the 53 European Region coun-
tries. The diversity of these sequences is comparatively low,
with a maximum genetic distance of 7 nucleotides in the
hypervariable region of gene N. Two main variants, D6-2000
and D6-2005, with a single nucleotide mutation, gave rise to
most cases of this genotype.

The D6-2000 variant was located predominantly in the
Russian Federation during 2005 and the beginning of 2006
and also in Kazakhstan and Uzbekistan in 2006. In addition,
it caused outbreaks in Germany (Bavaria, March 2005-July
2005) and Greece (September 2005-May 2006) and sporadic
cases in Denmark and Israel in 2005 and Switzerland in
2006.

The D6-2005 variant caused an outbreak of more than
46,000 cases in the Ukraine between the last quarter of 2005
and October 2006. It was first identified in Russia in the last
quarter of 2005 and was also detected in Azerbaijan during
the first quarter of 2006. Multiple imports from the Ukraine
gave rise to small outbreaks and sporadic cases in Belarus
between January and September 2006, a small outbreak in
Estonia in March 2006, and two sporadic cases in Latvia and
Bulgaria, respectively, in April and July 2006. In Germany,
this Ukrainian variant caused a large outbreak in North
Rhine-Westphalia and a small outbreak in Berlin. In the
United Kingdom, an outbreak of D6-2005 was associated
with an import from Italy, where the variant had not been
detected.

Apart from these two variants, cases due to variants other
than D6 have occurred in Greece, Germany, Luxembourg
and Spain (imported from Germany).

Genotype D4 is widely distributed in all continents. As
mentioned, it is still endemic in the Indian subcontinent and
Southern and East Africa and, before 2005, it was repeatedly
identified in the WHO Eastern Mediterranean Region and in
outbreaks and sporadic cases in Germany, Turkey, Spain, the
United Kingdom, Croatia and Russia. In 2005 and 2006, 4
distinct groups were identified in Europe.

Group 1 includes a large outbreak in Romania with more
than 8500 cases that began in December 2004 and continued
until the beginning of 2007. The outbreak began in the Roma
and Sinti communities before extending to the general
public. Sequences that differ by < 2 nucleotides were also
detected in Bosnia-Herzegovina, France, Germany, Italy,
Portugal, Serbia, Spain, Switzerland and the United King-
dom between 2005 and the beginning of 2007. The source of
the D4 genotype in Romania could not be identified, but the
homogeneity of the sequences and the large number of sus-
ceptible people indicate that it was imported.

Group 2 includes sequences found in the United King-
dom and Spain and present only one or two mutations com-
pared with sequences from Kenya from 2002 and Ethiopia
from 2003, which suggests an origin in East Africa.
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Group 3 includes sequences found in outbreaks and spo-
radic cases in the United Kingdom during 2005-2006, and in
Greece, Albania and Denmark. The large variety of se-
quences found in this group suggests multiples origins, al-
though three strains from the United Kingdom and the
strains from Denmark were epidemiologically-linked with
Pakistan. Curiously, two genotypes, D4 and D6, were identi-
fied during what seemed to be a single outbreak in the south
of Greece (January-August 2006) [60].

A group of sequences found in Germany and Denmark
between February and April 2006 in the form of different
outbreaks and sporadic cases form a fourth group that cannot
be epidemiologically linked. The Danish virus was imported
from the Lebanon, which agrees with isolates of a similar
sequence in Israel in 2004. Phylogenetic analysis shows very
close similarities (1-2 nucleotides difference) with sequences
from Ethiopia in 2003 and Sudan in 2004. Another variant,
which was imported from India, was detected in Tuscany
(Italy) in January-May 2006. This virus differed by only 3
nucleotides from that found in Poland between January and
May 2006, which does not concord with the epidemiological
link which was first established with the Ukraine.

Genotype B3 was reported sporadically in Europe before
2005, including an outbreak in Spain in 2003 imported from
Algeria and two sporadic cases in the east of Germany in
2000. However, in 2005-2006, genotype B3 was detected in
eight European countries in association with outbreaks of
different sizes, with a maximum genetic distance of 13 nu-
cleotides between the sequences analyzed. A sporadic case in
Holland in a person in contact with a Kenyan patient at a
USA airport was detected. Outbreaks of unknown origin
were also reported in Germany (January-April 2006) and the
United Kingdom (June 2006), although they are suspected to
have been caused by transmission within Europe. The same
variant that caused the UK outbreak was imported to Spain
giving rise to two outbreaks. A second variant of genotype
B3, of unknown origin, was detected in Denmark, Sweden
and Spain: the nearest non European sequence was detected
in Nigeria in 2004. A third variant was detected in Albania
and Italy. In a three-week period in 2005, two significantly-
different strains were found in France and were grouped
with viruses from Cameroun and Equatorial Guinea and
the Democratic Republic of the Congo, respectively. A
sporadic case of B3 was also detected in Switzerland in
2006. The genetic distances between all these variants sug-
gest multiple independent imports, probably from Sub-
Saharan Africa.

In summary, during 2005-2006, nine of the 17 active
genotypes were found in different outbreaks and sporadic
cases in the WHO European Region. The main epidemics
were caused by distinct variants of genotypes D4, D6 and
B3. The largest outbreaks occurred in the Ukraine (D6, >
46,000 cases), Romania (D4, >8,500 cases), Germany (D6,
~1,700 cases) and Russia (D6, >1,100 cases). Outbreaks with
between 100 and 500 cases occurred in the United Kingdom
(B3), Spain (B3 and D4), Germany (D4, D6 and B3), Italy
(D4), Belarus (D6) and Greece (D6, D4). In addition, smaller
outbreaks and sporadic cases were caused by genotypes B2,
D5, D8, D9, H1 and G3 [23].
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Notably, in 2008, genotype D4 was declared as endemic
in the United Kingdom, due to the continued presence of
many people still susceptible to MV in Europe [61].

During 2007 the following genotypes were detected: B3
in Italy [62]; D4 in Belgium [63], Norway [64], Ireland [65]
and the United Kingdom [66]; D5 in Switzerland [67]; D5
in Germany [68] and Russia [69]; D6 in Poland [70] and
Russia [69]; D8 and H1 in Russia [69].

In 2008, B3 was detected in Denmark [71]; D4 in Italy
[72], France [73], Germany [68], Denmark [74], Sweden
[75] and Gibraltar [76]; DS in Austria [77], Germany [78]
and France [73], all of which were imported from Switzer-
land; D8 was detected in Holland [79] and France [80].

MOLECULAR EPIDEMIOLOGY OF MEASLES IN
SPAIN

The first published sequences of MV in Spain were in
patients with SSPE who had suffered measles in the 1960s,
and belonged to genotype F, which is inactive today. It is
thought that from approximately 1970 to 1979, the circulat-
ing genotype was Cl. Later, genotype C2 predominated in
1992 and 1993 but was replaced by D6 in 1998, which circu-
lated in Spain from the autumn of 1993 to 1997 [51]. This
pattern is typical of countries with endemic circulation of
MYV and a high incidence of measles. After the introduction
of vaccination and the gradual increase in vaccination cover-
ages, the number of cases fell considerably to reach an inci-
dence of 0.16 per 100,000 inhabitants in 2002 [81]. As a
consequence, the circulation patterns of the virus changed, as
observed after the introduction of the Spanish Measles
Elimination Plan in 2001.

From 2001 to 2003, (Table 2) genotype D7, which circu-
lated in the rest of Europe at this time, was detected in both
outbreaks and sporadic cases. In this period, other genotypes
were detected in sporadic cases of imported or unknown
origin, including B3, C2, D3, D4 and H1. In 2003, small
outbreaks due to genotype D8 occurred in Valencia and to
C2 in Castile-La Mancha. However, the most significant
outbreak in this period was due to genotype B3 and occurred
in Almeria province (Andalusia), with a large number of
cases: this helped raise the national incidence to 0.62 per
100,000 inhabitants in 2003. In this outbreak, genotyping of
the index case was carried out on a serum specimen pre-
served by a hospital from a patient admitted for suspected
measles some weeks before who presented the same variant
of genotype B3 as the patients involved in the outbreak. The
index case was a sailor who had arrived in Almeria from an
Algerian port some days before hospital admission.

In 2004 and 2005, measles incidence in Spain reached a
historical low at 0.06 and 0.05 per 100,000 inhabitants, re-
spectively [81]. Sporadic cases due to genotypes A, C2, D3,
D4 and H1 occurred during both years (Table 2). In 2004
one outbreak due to genotype D4 occurred in the Balearic
Islands (of unknown origin), and another due to genotype D5
in Barcelona (imported from Thailand). In 2005, two small
outbreaks occurred in Andalusia due to genotype D8 of un-
known origin, and in Catalonia due to genotype D4 which
was imported from Romania where, as already mentioned,
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Table 2. Genotypes Detected in Spain between 2001 and 2008 Outbreaks in Red Italics and Sporadic Cases in Blue

AR. 2001 2002 2003 2004 2005 2006 2007 2008
Madrid B3(GEc) C2(Unkn) C2(Unkn) C2 (Unkn) D4(GBR) B3(GBR) D4(Cadiz)
D7(Unkn) B3(ETI, B3 (Unkn)
MAR) D5(Unkn)
D6(UKR)
A
Balearic D7(Unkn) D4(Unkn)
Islands A
H1(CHI)
C. Valencia D7(RUM) D8(Unkn) C2(Unkn) B3(Mad) A
D4(UKR) D7(Unkn) D6(UKR)
D4(Unkn)
Extremadura A H1(CHI)
Andalusia B3(ARG) A D8(Unkn) B3(Unkn) D4(Unkn)
A D9(Unkn)
C2(MAR) A
D7(Unkn)
Canary L. D7(GER) C2(Unkn) H1(Unkn) B3(GBR)
D6(GER)
Catalonia C2 (Unkn) C2(Unkn) D4(RUM) DA4(ITA) D4 (ITA)
D3(Unkn) D5(THAI, D4(RUM)
ECU)
Cantabria C2(Unkn) B3(Mad)
Murcia B3(Alm)
Castile-La C2(Unkn)
Mancha
La Rioja D6(Unkn)
Castile & D4(Bcn)
Leén
Ceuta D4(Unkn)

* Unkn=Unknown; AR=Autonomic Region. GEc: Equatorial Guinea. CHI: China. RUM: Romania. UKR: Ukraine. GER: Germany. MAR: Morocco. ARG: Algeria. Alm: Almeria.
THALI: Thailand. ECU: Ecuador. GBR: Great Britain. ETI: Ethiopia. ITA: Italy. Mad: Madrid. Ben: Barcelona.

this genotype caused an enormous outbreak from December
2004 to the beginning of 2007.

In 2006, several outbreaks occurred, two of which had
more than 100 cases, meaning the incidence rose to 0.83 per
100,000 inhabitants [81]. At the beginning of 2006, an out-
break was detected in Logrofio (La Rioja) which had begun
in December 2005. The outbreak had 18 confirmed cases and
was caused by the D6 genotype although no epidemiological
link could be established [82]. However, comparison of the
sequences indicates a close similarity to the main sequence
of D6 that circulated in the Ukraine during the last quarter of
2005 until October 2006, and which was also exported to
other European countries. The second large outbreak, with
174 confirmed cases, began at the beginning of 2006 in Ma-
drid and was due to genotype B3 [83]. The index case came
from the United Kingdom, where there was also an outbreak
whose nucleotide sequences were similar to those found in
Madrid. This outbreak caused some cases in Valencia and
one case in Cantabria in a Venezuelan tourist who later ex-
ported it to his country. In Las Palmas of Gran Canaria (Ca-

nary Islands), another outbreak due to genotype B3 with 13
confirmed cases occurred between January and March. The
index case had travelled to Zurich where they were in con-
tact with an infected person from the United Kingdom. The
sequences were similar to those of Madrid and the United
Kingdom circulating at the same time. In Santa Cruz de Te-
nerife (Canary Islands), nine cases were reported between
April and June, of which 3 were German tourists in whom a
strain of the D6 genotype was detected. In Catalonia, two
different outbreaks due to genotype D4 occurred, one at the
beginning of the year with 3 confirmed cases, which was
imported from Romania. The other, with 381 confirmed
cases between 2006 and 2007, originated in a patient who
returned from Italy and infected several families [84]. The
nucleotide sequence of this second outbreak was similar to
that which caused more than 8500 cases in Romania between
December 2004 and the beginning of 2007 and that was also
detected in other European countries. In 2006, sporadic cases
occurred in Madrid due to genotype B3 (originating in
Ethiopia), in Madrid and Valencia due to genotype D6 (with
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a nucleotide sequence similar to that circulating in the
Ukraine), and a case of genotype A (postvaccination)
occurred in Madrid.

In 2008 an outbreak due to genotype D4 with 183 cases
occurred, mostly in Algeciras (Andalusia); although there
were also a few cases in Huelva, Malaga and Ceuta, all in
Andalusia. In May, an outbreak with 11 cases was detected
in Madrid; two cases had the same genotype and sequence as
the cases in Algeciras. Likewise, an outbreak caused by
genotype B3 produced 19 cases in Madrid: the origin was
Equatorial Guinea. Two sporadic cases occurred due to
genotype D4, with an origin in the United Kingdom, and to
D5 and D9, of unknown origin. Two postvaccination cases
were detected [81].

DISCUSSION

In large parts of the world, especially Africa and Asia,
information on circulating genotypes is still scarce. More
exhaustive investigation along the lines of research in recent
years for characterizing the virus and publication of the re-
sults obtained is necessary for these regions where little or
no information is currently available.

Remarkably, in spite of the apparent existence of inactive
MYV genotypes, detailed study of cases has shown that one of
these supposedly inactive genotypes is not inactive as it has
been maintained in various African countries, although this
was not detected until 2002. This reaffirms the importance of
characterization of the virus both in endemic regions and in
countries where elimination is advanced.

In Europe there has been a considerable increase in the
diversity of genotypes found in the same country, such as the
United Kingdom, Germany and Spain, thanks to the in-
creased surveillance mandated by elimination plans. This
variability is due mainly to increased imports from regions
where MV continues to be endemic, like Africa and South-
east Asia, and to the circulation of these imported genotypes
within the European continent, as has occurred with D4 and
B3. The increase in imported outbreaks affect people not
vaccinated for various reasons or those who have received
only a single dose.

On the other hand, genetic diversity within the same
genotype, as in the case of D6 in 2005-2006, is much lower
than during the 1990s and the first years of this century. This
suggests that improvements in vaccination have greatly re-
duced the simultaneous circulation of highly divergent vari-
ants of D6 in Europe produced from the evolution of a com-
mon ancestor over time, with continuous circulation of the
virus being replaced by imported outbreaks that are too short
to generate diversity.
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In addition, wide genetic diversity is also characteristic of
multiple imports. The diversity of the sequences of B3 found
in Europe during 2005-2008 suggests that each was directly
or indirectly imported from sub-Sahara Africa. While some
countries reported outbreaks caused by a single strain, others
suffered epidemics caused by multiple imports of unrelated
strains.

The cocirculation of different genotypes during what
seemed a single outbreak has occurred in Greece, Italy and
Germany. This emphasizes the importance of MV genotyp-
ing during the different phases of an outbreak. In addition,
genotyping alone may not be sufficient to distinguish links
between outbreaks caused by multiple imports. Epidemiol-
ogical investigations in Belarus revealed multiple imports
from the Ukraine that caused various, unrelated outbreaks
and sporadic cases in which identical or very similar variants
of D6 were found.

Currently, it is known that each MV genotype does not
have a characteristic role in the clinical expression of MV
infection, and neither are they the cause of reinfections or
vaccination failures that may influence the epidemiological
circulation of the virus, although this cannot be determined
in detail without the availability of characterization methods.
Genotyping of a sporadic case or an outbreak allows the hy-
pothesis of its geographic origin established by epidemiol-
ogical study to be confirmed or a hypothesis to be made. In
addition, it allows coincident cases for which there is no
known epidemiological link to be associated. Since this in-
formation may be relevant for the management of outbreaks,
the process which leads to determination of the genotype
from samples of the case or outbreak and to the availability
of national and international information on what is circulat-
ing at the same time should be optimized in order to facili-
tate timely data supply to public health authorities Finally,
global analysis of the available data on the circulation of
genotypes in a specific territory is indicative of the epidemi-
ological pattern of circulation. Analysis of the temporal evo-
lution with sufficient perspective is fundamental for evaluat-
ing the impact of measures introduced to eliminate measles.

ACKNOWLEDGMENTS

Since 2001, genotyping in Spain has been carried out by
the first author in the Carlos III Health Institute thanks to
financing by the General-Directorate of Public Health, Min-
istry of Health and Social Policy, through projects SIVI-
1089/00, SLVI-1109/01-3, SBVI-1284/02-3, DGVI-1312/
04-3, DGVI-1429/05-3 and DGEG-1304/08-TS-10.

The authors wish to thank the regional epidemiologists
coordinating the Measles Elimination Plan for their collabo-
ration.

Virology laboratory. Ramon and Cajal Hospital. Madrid: Rafael Fernandez.

Coordinators of regional laboratories: Andalusia: Jos¢ M. Navarro.; Aragon: Rafael Benito, Manuel Omefiaca; Asturias:
Mercedes Rodriguez; Balearic Islands: Jordi Reina; Canary Islands: Maria C. Pérez; Cantabria: Carlos Salas; Castile and
Leon: Raul Ortiz de Lejarazu; Catalonia: Josep Costa; Valencia.: Beatriz Acosta, David Navarro, José¢ M. Nogueira, Joaquin
Plazas, Francisco J Pardo.; Extremadura: Paloma Martin; Madrid: Juan C. Sanz; Murcia: Carmen Mérquez; Basque Coun-
try: Manuel Imaz; La Rioja: Miriam Blasco; Ceuta: Rebeca Benarroch; Melilla: Juan C Navarro.



Measles Virus Genotyping and Circulating Genotypes

REFERENCES

[13]

[16]

[17]

CDC. Progress in global measles control and mortality reduction,
2000-2007. MMWR Morb. Mortal. Wkly. Rep., 2008, 57(48), 1303-
1306.

Zarocostas, J. Mortality from measles fell by 91% in Africa from
2000 to 2006. BMJ, 2007, 335(7631), 1173.

WHO. Global measles and rubella laboratory network--update.
Wkly. Epidemiol. Rec., 2005, 80(44), 384-388.

WHO. Global distribution of measles and rubella genotypes--
update. Wkly. Epidemiol. Rec., 2006, 81(51/52), 474-479.

WHO. Expanded Programme on Immunization (EPI). Standardiza-
tion of the nomenclature for describing the genetic characteristics
of wild-type measles viruses. Wkly. Epidemiol. Rec., 1998, 73(35),
265-269.

WHO. Nomenclature for describing the genetic characteristics of
wild-type measles viruses (update). Part 1. Wkly. Epidemiol. Rec.,
2001, 76(32), 242-247.

WHO. Update of the nomenclature for describing the genetic char-
acteristics of wild-type measles viruses: new genotypes and refer-
ence strains. Wkly. Epidemiol. Rec., 2003, 78(27), 229-232.

WHO. New genotype of measles virus and update on global distri-
bution of measles genotypes. Wkly. Epidemiol. Rec., 2005, 80(40),
347-351.

WHO. Nomenclature for describing the genetic characteristics of
wild-type measles viruses (update). Wkly. Epidemiol. Rec., 2001,
76(33),249-251.

Muller, C.P.; Kremer, J.R.; Best, J.M.; Dourado, L.; Triki, H.; Reef,
S. Reducing global disease burden of measles and rubella: report of
the WHO Steering Committee on research related to measles and
rubella vaccines and vaccination, 2005. Vaccine, 2007, 25(1), 1-9.
Riddell, M.A.; Rota, J.S.; Rota, P.A. Review of the temporal and
geographical distribution of measles virus genotypes in the prevac-
cine and postvaccine eras. Virol. J., 2005, 2, 87.

Bankamp, B.; Lopareva, E.N.; Kremer, J.R.; Tian, Y.; Clemens,
M.S.; Patel, R.; Fowlkes, A.L.; Kessler, J.R.; Muller, C.P.; Bellini,
W.J; Rota, P.A. Genetic variability and mRNA editing frequencies
of the phosphoprotein genes of wild-type measles viruses. Virus
Res., 2008, 135(2), 298-306.

Thompson, J.D.; Gibson, T.J.; Plewniak, F.; Jeanmougin, F.; Hig-
gins, D.G. The CLUSTAL_X windows interface: flexible strategies
for multiple sequence alignment aided by quality analysis tools.
Nucleic Acids Res., 1997, 25(24), 4876-4882.

Hall, T.A. BioEdit: a user-friendly biological sequence alignment
editor and analysis program for Windows 95/98/NT. Nucleic.
Acids Symp. Ser., 1999, 41, 95-98.

Kumar, S.; Tamura, K.; Nei, M. MEGA3: Integrated software for
molecular evolutionary genetics analysis and sequence alignment.
Brief Bioinform., 2004, 5(2), 150-163.

Rota, J.S.; Rota, P.A.; Redd, S.B.; Redd, S.C.; Pattamadilok, S.;
Bellini, W.J. Genetic analysis of measles viruses isolated in the
United States, 1995-1996. J. Infect. Dis., 1998, 177(1), 204-208.
Bellini, W.J.; Rota, P.A. Genetic diversity of wild-type measles
viruses: implications for global measles elimination programs.
Emerg. Infect. Dis., 1998, 4(1), 29-35.

Xu, W.; Tamin, A.; Rota, J.S.; Zhang, L.; Bellini, W.J.; Rota, P.A.
New genetic group of measles virus isolated in the People's Repub-
lic of China. Virus Res., 1998, 54(2), 147-156.

Santibanez, S.; Heider, A.; Gerike, E.; Agafonov, A.; Schreier, E.
Genotyping of measles virus isolates from central Europe and
Russia. J. Med. Virol., 1999, 58(3), 313-320.

Outlaw, M.C.; Pringle, C.R. Sequence variation within an outbreak
of measles virus in the Coventry area during spring/summer 1993.
Virus Res., 1995, 39(1), 3-11.

Smit, S.B.; Hardie, D.; Tiemessen, C.T. Measles virus genotype B2
is not inactive: evidence of continued circulation in Africa. J. Med.
Virol., 2005, 77(4), 550-557.

Hanses, F.; Truong, A.T.; Ammerlaan, W.; Ikusika, O.; Adu, F;
Oyefolu, A.O.; Omilabu, S.A.; Muller, C.P. Molecular epidemiol-
ogy of Nigerian and Ghanaian measles virus isolates reveals a
genotype circulating widely in western and central Africa. J. Gen.
Virol., 1999, 80(Pt 4), 871-877.

Kremer, J.R.; Brown, K.E.; Jin, L.; Santibanez, S.; Shulga, S.V.;
Aboudy, Y.; Demchyshyna, I.V.; Djemileva, S.; Echevarria, J.E.;
Featherstone, D.F.; Hukic, M.; Johansen, K.; Litwinska, B.;
Lopareva, E.; Lupulescu, E.; Mentis, A.; Mihneva, Z.; Mosquera,

[26]

[27]

(28]

[29]

[30]

[33]

[34]

[36]

[39]

[40]

The Open Vaccine Journal, 2010, Volume 3 83

M.M.; Muscat, M.; Naumova, M.A.; Nedeljkovic, J.; Nekrasova,
L.S.; Magurano, F.; Fortuna, C.; de Andrade, H.R.; Richard, J.L.;
Robo, A.; Rota, P.A.; Samoilovich, E.O.; Sarv, I.; Semeiko, G.V.;
Shugayev, N.; Utegenova, E.S.; van Binnendijk, R.; Vinner, L.;
Waku-Kouomou, D.; Wild, T.F.; Brown, D.W.; Mankertz, A.; Mul-
ler, C.P.; Mulders, M.N. High genetic diversity of measles virus,
World Health Organization European Region, 2005-2006. Emerg.
Infect. Dis., 2008, 14(1), 107-114.

Tipples, G.A.; Gray, M.; Garbutt, M.; Rota, P.A. Genotyping of
measles virus in Canada: 1979-2002. J. Infect. Dis., 2004, 189
(Suppl 1), S171-S176.

Nakayama, T.; Mori, T.; Yamaguchi, S.; Sonoda, S.; Asamura, S.;
Yamashita, R.; Takeuchi, Y.; Urano, T. Detection of measles virus
genome directly from clinical samples by reverse transcriptase-
polymerase chain reaction and genetic variability. Virus Res., 1995,
35(1), 1-16.

Rima, B.K.; Earle, J.A.; Yeo, R.P.; Herlihy, L.; Baczko, K.; ter
Meulen, V.; Carabana, J.; Caballero, M.; Celma, M.L.; Fernandez-
Munoz, R. Temporal and geographical distribution of measles virus
genotypes. J. Gen. Virol., 1995, 76(Pt 5), 1173-1180.

Barrero, P.R.; Zandomeni, R.O.; Mistchenko, A.S. Measles virus
circulation in Argentina: 1991-1999. Arch. Virol., 2001, 146(4),
815-823.

Chibo, D.; Birch, C.J.; Rota, P.A.; Catton, M.G. Molecular charac-
terization of measles viruses isolated in Victoria, Australia,
between 1973 and 1998. J. Gen. Virol, 2000, 81(Pt 10), 2511-
2518.

Alla, A.; Liffick, S.L.; Newton, B.R.; Elaouad, R.; Rota, P.A.;
Bellini, W.J. Genetic analysis of measles viruses isolated in Mo-
rocco. J. Med. Virol., 2002, 68(3), 441-444.

Jin, L.; Brown, D.W.; Ramsay, M.E.; Rota, P.A.; Bellini, W.J. The
diversity of measles virus in the United Kingdom, 1992-1995. J.
Gen. Virol., 1997, 78(Pt 6), 1287-1294.

Muwonge, A.; Nanyunja, M.; Rota, P.A.; Bwogi, J.; Lowe, L.;
Liffick, S.L.; Bellini, W.J.; Sylvester, S. New measles genotype,
Uganda. Emerg. Infect. Dis., 2005, 11(10), 1522-1526.

Truong, A. T.; Kreis, S.; Ammerlaan, W.; Hartter, HK.; Adu, F.;
Omilabu, S.A.; Oyefolu, A.O.; Berbers, G. A.; Muller, C. P. Geno-
typic and antigenic characterization of hemagglutinin proteins of
African measles virus isolates. Virus Res., 1999, 62(1), 89-95.
Coughlan, S.; Connell, J.; Cohen, B.; Jin, L.; Hall, W.W., Subopti-
mal measles-mumps-rubella vaccination coverage facilitates an im-
ported measles outbreak in Ireland. Clin. Infect. Dis., 2002, 35(1),
84-86.

Miki, K.; Komase, K.; Mgone, C.S.; Kawanishi, R.; Iijima, M.;
Mgone, J.M.; Asuo, P.G.; Alpers, M.P.; Takasu, T.; Mizutani, T.
Molecular analysis of measles virus genome derived from SSPE
and acute measles patients in Papua, New Guinea. J. Med. Virol.,
2002, 68(1), 105-112.

Djebbi, A.; Bahri, O.; Mokhtariazad, T.; Alkhatib, M.; Ben Yahia,
A.; Rezig, D.; Mohsni, E.; Triki, H. Identification of measles virus
genotypes from recent outbreaks in countries from the Eastern
Mediterranean Region. J. Clin. Virol., 2005, 34(1), 1-6.
Waku-Kouomou, D.; Landreau, D.; Olivier, S.; Palmyre, P.;
Benoit-Catin, T.; Freymuth, F.; Wild, T. F. Molecular characteriza-
tion of measles virus circulating in the Indian Ocean Islands during
2005-2006 and in France in 2006. J. Med. Virol., 2007, 79(9),
1381-1387.

Horm, S.V.; Dumas, C.; Svay, S.; Feldon, K.; Reynes, J.M., Ge-
netic characterization of wild-type measles viruses in Cambodia.
Virus Res., 2003, 97(1), 31-37.

Vaidya, S.R.; Wairagkar, N.S.; Raja, D.; Khedekar, D.D.;
Gunasekaran, P.; Shankar, S.; Mahadevan, A.; Ramamurty, N. First
detection of measles genotype D7 from India. Virus Genes, 2008,
36(1),31-34.

Wairagkar, N.; Rota, P.A.; Liffick, S.; Shaikh, N.; Padbidri, V.S.;
Bellini, W.J. Characterization of measles sequences from Pune,
India. J. Med. Virol., 2002, 68(4), 611-614.

Nigatu, W.; Jin, L.; Cohen, B.J.; Nokes, D.J.; Etana, M.; Cutts,
F.T.; Brown, D. W. Measles virus strains circulating in Ethiopia in
1998-1999: molecular characterisation using oral fluid samples and
identification of a new genotype. J. Med. Virol., 2001, 65(2), 373-
380.

Rota, P.A.; Liffick, S.; Rosenthal, S.; Heriyanto, B.; Chua, K.B.
Measles genotype G2 in Indonesia and Malaysia. Lancet, 2000,
355(9214), 1557-1558.



84 The Open Vaccine Journal, 2010, Volume 3

[42]

[50]

[51]

[52]

[53]

[54]

[55]

[56]

[57]

Zhang, Y.; Zhu, Z.; Rota, P.A.; Jiang, X.; Hu, J.; Wang, J.; Tang,
W.; Zhang, Z.; Li, C.; Wang, C.; Wang, T.; Zheng, L.; Tian, H.;
Ling, H.; Zhao, C.; Ma, Y .; Lin, C.; He, J.; Tian, J.; Ma, Y.; Li, P.;
Guan, R.; He, W.; Zhou, J.; Liu, G.; Zhang, H.; Yan, X.; Yang, X.;
Zhang, J.; Lu, Y.; Zhou, S.; Ba, Z.; Liu, W.; Yang, X.; Ma, Y.;
Liang, Y.; Li, Y.; Ji, Y.; Featherstone, D.; Bellini, W.J.; Xu, S.;
Liang, G.; Xu, W. Molecular epidemiology of measles viruses in
China, 1995-2003. Virol. J., 2007, 4, 14.

Na, B.K.; Lee, J.S.; Shin, G.C.; Shin, J.M.; Lee, J.Y.; Chung, J.K.;
Ha, D.R.; Lee, J.K.; Ma, S.H.; Cho, HW.; Kang, C.; Kim, W.J.
Sequence analysis of hemagglutinin and nucleoprotein genes of
measles viruses isolated in Korea during the 2000 epidemic. Virus
Res., 2001, 81(1-2), 143-149.

Zhou, J.; Fujino, M.; Inou, Y.; Kumada, A.; Aoki, Y.; Iwata, S.;
Nakayama, T. H1 genotype of measles virus was detected in out-
breaks in Japan after 2000. J. Med. Virol., 2003, 70(4), 642-648.
Kremer, J.R.; Nguyen, G.H.; Shulga, S.V.; Nguyen, P.H.; Nguyen,
U.T.; Tikhonova, N.T.; Muller, C.P. Genotyping of recent measles
virus strains from Russia and Vietnam by nucleotide-specific mul-
tiplex PCR. J. Med. Virol., 2007, 79(7), 987-994.

Liffick, S.L.; Thi Thoung, N.; Xu, W.; Li, Y.; Phoung Lien, H.;
Bellini, W J.; Rota, P.A. Genetic characterization of contemporary
wild-type measles viruses from Vietnam and the People's Republic
of China: identification of two genotypes within clade H. Virus
Res., 2001, 77(1), 81-87.

WHO. Eliminating measles and rubella and preventing congenital
rubella infection. WHO European Region Strategic Plan 2005-
2010. In World Health Organization, 2005.

Santibanez, S.; Tischer, A.; Heider, A.; Siedler, A.; Hengel, H.
Rapid replacement of endemic measles virus genotypes. J. Gen.
Virol., 2002, 83(Pt 11), 2699-2708.

Dahl, L.; Christensen, L.S.; Schoeller, S.; Westh, H.; Plesner, A.M.
Sequence analysis of the hemagglutinin gene of measles virus iso-
lates in Denmark 1997-1998: no evidence of persistent circulation
of measles virus in Denmark. 4PMIS, 2000, 108(4), 267-272.
Hanses, F.; van Binnendijk, R.; Ammerlaan, W.; Truong, A.T.; de
Rond, L.; Schneider, F.; Muller, C.P. Genetic variability of measles
viruses circulating in the Benelux. Arch. Virol., 2000, 145(3), 541-
551.

Fernandez-Mufoz, R.; Carabana, J.; Caballero, M.; Liton, P.B.;
Duque, B.M.; Garcia-Villalon, M.D.; Celma, M.L. Molecular epi-
demiology on measles virus. Rev. Esp. Salud Publica, 1999, 73(5),
605-608.

Korukluoglu, G.; Liffick, S.; Guris, D.; Kobune, F.; Rota, P.A.;
Bellini, W.J.; Ceylan, A.; Ertem, M. Genetic characterization of
measles viruses isolated in Turkey during 2000 and 2001. Virol. J.,
2005, 2, 58.

Tischer, A.; Santibanez, S.; Siedler, A.; Heider, A.; Hengel, H.
Laboratory investigations are indispensable to monitor the progress
of measles elimination--results of the German Measles Sentinel
1999-2003. J. Clin. Virol., 2004, 31(3), 165-178.

Atrasheuskaya, A.V.; Blatun, E.M.; Neverov, A.A.; Kameneva,
S.N.; Maksimov, N.L.; Karpov, L.A.; Ignatyev, G.M. Measles in
Minsk, Belarus, 2001-2003: clinical, virological and serological pa-
rameters. J. Clin. Virol., 2005, 34(3), 179-185.

Mosquera, M.M.; Ory, F.; Echevarria, J.E. Measles virus genotype
circulation in Spain after implementation of the national measles
elimination plan 2001-2003. J. Med. Virol, 2005, 75(1), 137-
146.

Zandotti, C.; Jeantet, D.; Lambert, F.; Waku-Kouomou, D.; Wild,
F.; Freymuth, F.; Harle, J.R.; de Lamballerie, X.; Charrel, R.N. Re-
emergence of measles among young adults in Marseilles, France.
Eur. J. Epidemiol., 2004, 19(9), 891-893.

Atti, C.D. M.L.; Filia, A.; Massari, M.; Pizzuti, R.; Nicoletti, L.;
D'Argenzio, A.; de Campora, E.; Marchi, A.; Lombardo, A.;
Salmaso, S. Assessment of measles incidence, measles-related
complications and hospitalisations during an outbreak in a southern
Italian region. Vaccine, 2006, 24(9), 1332-1338.

Forcic, D.; Ivancic, J.; Baricevic, M.; Mahovlic, V.; Tesovic, G.;
Bozinovic, D.; Gjenero Margan, 1.; Mazuran, R. Genetic charac-
terization of wild type measles virus isolated in Croatia during the
2003-2004 outbreak. J. Med. Virol., 2005, 75(2), 307-312.
Delaporte, E.; Wyler-Lazarevic, C.A.; Richard, J.L.; Sudre, P.
Contribution of unvaccinated siblings to a measles outbreak in
Switzerland. Rev. Epidemiol. Sante Publique, 2004, 52(6), 493-
501.

[61]

[62]

[63]

[64]

[65]

[66]

[67]

[68]

[69]

[70]

[71]

[72]

(73]

[74]

[75]

[76]

[77]

(78]

Mosquera et al.

Kokotas, S.N.; Bolanaki, E.; Sgouras, D.; Pogka, V.; Logotheti, M.;
Kossivakis, A.; Horefti, E.; Papadakos, K.; Mentis, A. Cocircula-
tion of genotypes D4 and D6 in Greece during the 2005 to 2006
measles epidemic. Diagn. Microbiol. Infect. Dis., 2008, 62(1), 58-
66.

No authors listed. Measles once again endemic in the United
Kingdom. Euro Surveill., 2008, 13(27), pii=18919.

Chironna, M.; Prato, R.; Sallustio, A.; Martinelli, D.; Germinario,
C.; Lopalco, P.; Quarto, M. Genetic characterization of measles vi-
rus strains isolated during an epidemic cluster in Puglia, Italy 2006-
2007. Virol. J., 2007, 4, 90.

Lernout, T.; Kissling, E.; Hutse, V.; De Schrijver, K.; Top, G. An
outbreak of measles in orthodox Jewish communities in Antwerp,
Belgium, 2007-2008: different reasons for accumulation of suscep-
tibles. Euro Surveill., 2009, 14(2), pii: 19087.

Lovoll, O.; Vonen, L.; Nordbo, S.A.; Vevatne, T.; Sagvik, E.;
Vainio, K.; Sandbu, S.; Aavitsland, P. Outbreak of measles among
Irish Travellers in Norway: an update. Euro Surveill., 2007, 12(6),
E070614.2.

Carr, M.J.; Conway, A.; Waters, A.; Moran, J.; Hassan, J.;
Hall, W.W.; Connell, J. Molecular epidemiology of circulating
measles virus in Ireland 2002-2007. J. Med. Virol., 2009, 81(1),
125-129.

Heathcock, R.; Watts, C. Measles outbreaks in London, United
Kingdom - a preliminary report. Euro Surveill., 2008, 13(15), pii:
18829.

Delaporte, E.; Wyler, C.A.; Sudre, P. Outbreak of measles in
Geneva, Switzerland, March-April 2007. Euro Surveill., 2007,
12(5), E070510.2.

Bernard, H.; Santibanez, S.; Siedler, A.; Ludwig, M.S.; Fischer,
R.; Hautmann, W. An outbreak of measles in Lower Bavaria,
Germany, January-June 2007. Euro Surveill, 2007, 12(10),
E071004.1.

Shulga, S.V.; Rota, P.A.; Kremer, J.R.; Naumova, M.A.; Muller,
C.P.; Tikhonova, N.T.; Lopareva, E.N.; Mamaeva, T.A.; Tsvirkun,
0.V.; Mulders, M.N.; Lipskaya, G.Y.; Gerasimova, A.G. Genetic
variability of wild-type measles viruses, circulating in the Russian
Federation during the implementation of the National Measles
Elimination Program, 2003-2007. Clin. Microbiol. Infect., 2009,
15(6), 528-537.

Makowka, A.; Gut, W.; Litwinska, B.; Santibanez, S.; Mankertz,
A. Genotyping of measles and rubella virus strains circulating in
Poland in 2007. Euro Surveill., 2007, 12(10), E071025.2.

Groth, C.; Bottiger, B.; Plesner, A.; Christiansen, A.; Glismann, S.;
Hogh, B. Nosocomial measles cluster in Denmark following an
imported case, December 2008-January 2009. Euro Surveill., 2009,
14(8), pii=19126.

Caputi, G.; Tafuri, S.; Chironna, M.; Martinelli, D.; Sallustio, A.;
Falco, A.; Germinario, C.A.; Prato, R.; Quarto, M. An outbreak of
measles including nosocomial transmission in Apulia, south-east
Italy, January-March 2008--a preliminary report. Euro Surveill.,
2008, /3(16), pii=18839.

Noury, U.; Stoll, J.; Haeghebaert, S.; Antona, D.; Parent du Chate-
let, I. Outbreak of measles in two private religious schools in Bour-
gogne and Nord-Pas-de-Calais regions of France, May-July 2008
(preliminary results). Euro Surveill., 2008, 13(35), pii=18961.
Muscat, M.; Hartvig Christiansen, A.; Bottiger, B.E.; Plesner, A.;
Glismann, S. A cluster of measles cases in Denmark following
importation, January and February 2008. Euro Surveill., 2008,
13(9), pii=8050.

Follin, P.; Dotevall, L.; Jertborn, M.; Khalid, Y.; Liljeqvist, J.A.;
Muntz, S.; Qvarfordt, I.; Soderstrom, A.; Wiman, A.; Ahren, C.;
Osterberg, P.; Johansen, K. Effective control measures limited
measles outbreak after extensive nosocomial exposures in January-
February 2008 in Gothenburg, Sweden. Euro Surveill, 2008,
13(30), pii=18937.

Kumar, V. Measles outbreak in Gibraltar, August-October 2008--a
preliminary report. Euro Surveill., 2008, 13(45), pii: 19034.
Schmid, D.; Holzmann, H.; Schwarz, K.; Kasper, S.; Kuo, HW.;
Aberle, S.W.; Redlberger-Fritz, M.; Hautmann, W.; Santibanez, S.;
Mankertz, A.; Konig, C.; Magnet, E.; Reichart, S.; Meusburger, S.;
Luckner-Hornischer, A.; DE Martin, A.; Bechter, E.; Stirling, J.;
Allerberger, F. Measles outbreak linked to a minority group in Aus-
tria, 2008. Epidemiol. Infect., 2009, 14, 1-11.

Pfaff, G.; Mezger, B.; Santibanez, S.; Hoffmann, U.; Maassen, S.;
Wagner, U.; Siedler, A. Measles in south-west Germany imported



Measles Virus Genotyping and Circulating Genotypes

[79]

from Switzerland--a preliminary outbreak description. Euro
Surveill., 2008, 13(8), pii=8044.

van Velzen, E.; de Coster, E.; van Binnendijk, R.; Hahne, S.
Measles outbreak in an anthroposophic community in The Hague,
The Netherlands, June-July 2008. Euro Surveill., 2008, 13(31),
pii=18945.

du Chatelet, P. I.; Floret, D.; Antona, D.; Levy-Bruhl, D. Measles
resurgence in France in 2008, a preliminary report. Euro Surveill.,
2009, 14(6), pii=19118.

Pefia-Rey, 1.; Castellanos, T.; Masa, J.; Martinez de Aragon,
M.V. National plan of elimination of measles. Spain 2008. Bol.
Epidemiol. Semanal, 2009, (17), 85-92.

The Open Vaccine Journal, 2010, Volume 3 85

Perucha, M.; Ramalle-Gomara, E.; Lezaun, M.E.; Blanco, A.;
Quinones, C.; Blasco, M.; Gonzalez, M.A.; Cuesta, C.; Echevarria,
J.E.; Mosquera, M.M.; de Ory, F. A measles outbreak in children
under 15 months of age in La Rioja, Spain, 2005-2006. Euro
Surveill., 2006, 11(10), 267-270.

Epidemiology Service; Public Health Institute. Measles outbreak,
2006. Epidemiologic Report. Bol. Epidemiol. Comunidad Madrid,
2006, /2(8), 31-50.

Dominguez, A.; Torner, N.; Barrabeig, I.; Rovira, A.; Rius, C;
Cayla, J.; Plasencia, E.; Minguell, S.; Sala, M.R.; Martinez, A.;
Costa, J.; Mosquera, M.; Cabezas, C. Large outbreak of measles in
a community with high vaccination coverage: implications for the
vaccination schedule. Clin. Infect. Dis., 2008, 47(9), 1143-1149.

Received: November 16, 2009

© Mosquera et al.; Licensee Bentham Open.

Revised: November 26, 2009

Accepted: November 26, 2009

This is an open access article licensed under the terms of the Creative Commons Attribution Non-Commercial License (http://creativecommons.org/licenses/by-
nc/3.0/) which permits unrestricted, non-commercial use, distribution and reproduction in any medium, provided the work is properly cited.



