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ABSTRACT

A new strain of measles virus, D4-Hamburg, was imported from London to Hamburg in December 2008 and
subsequently spread to Bulgaria, where an outbreak of >24,300 cases was observed. We analyzed spread
of the virus to demonstrate the importance of addressing hard-toreach communities within the World Health
Organization European Region regarding access to medical care and vaccination campaigns. The D4-
Hamburg strain appeared during 2009-2011 in Poland, Ireland, Northern Ireland, Austria, Greece, Romania,
Turkey, Macedonia, Serbia, Switzerland, and Belgium and was repeatedly reimported to Germany. The strain
was present in Europe for >27 months and led to >25,000 cases in 12 countries. Spread of the virus was
prevalently but not exclusively associated with travel by persons in the Roma ethnic group; because this
travel extends beyond the borders of any European country, measures to prevent the spread of measles
should be implemented by the region as a whole.

The 53 member states of the World Health Or- an incidence of <1 measles case per million popu-
ganization (WHO) European Region (EUR) have lation, 80% of outbreaks associated with <10 cases,
set a goal to eliminate measles and rubella virus and transmission of indigenous or imported mea-
transmission by 2015 in Europe (1). Elimination sles virus for no longer than 12 months in a defined
targets include 95% vaccination coverage with 2 region (2). Thus, monitoring transmission chains of
doses of measles virus-containing vaccine (MVCV), measles virus is an indispensable tool to assess
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elimination progress, although the specific bound-
aries of the region have not yet been defined for the
WHO EUR.

To comply with the goal of eliminating measles
virus, Germany implemented a national interven-
tion program against measles, mumps, and rubella
(MMR) in 1999 (3). Since then, measles incidence
in Germany has declined. Molecular surveillance
showed that endemic genotypes C2 (MVi/Kempt-
en.DEU/23.00) and D6 (MVi/Berlin.DEU/47.00)
(4) were replaced rapidly by genotype D7 (MVi/
Mainz.DEU/06.00), which circulated until the be-
ginning of 2003 (5). Imported measles virus of
genotypes B3, D4, D5, D6, D8, D9, and H1 ap-
peared in Germany from 2005 onward. In 2009 and
2010, most cases were linked to measles virus of
genotype D4, of which several distinct subvariants
were detected.

Elimination targets have not yet been met in
Germany. Vaccination coverage in Germany, rou-
tinely assessed in children 5-6 years of age during
an examination before school entry, is still below
the required 95% for the second dose of MVCV.
Recent outbreaks showed an immunization gap in
adolescents and young adults (6). Consequently,
outbreaks still occur in Germany every year, al-
though recently they have been more limited in
number of cases, length of time, and extent of na-
tional transmission (7,8). A total of 915 measles
cases were reported in 2008, 571 in 2009, and 780
in 2010; incidence was 7-10 cases/1 million popu-
lation (www?3.rki.de/SurvStat/QueryFormaspx).

The reasons for Germany’s malperformance are
complex. Measles virus vaccination is not manda-
tory, and some groups within the German popula-
tion do not comply with official vaccination recom-
mendations (9) because of philosophical or religious
beliefs or fear of adverse effects (10). As in other
countries in Europe, strategies to address hard-to-
reach populations and improve access to medical
care, preventive measures, and vaccination cam-
paigns have not yet been developed. In this article,
we describe exportation of a measles D4 variant
from Germany and its subsequent circulation in
Europe.

MATERIAL AND METHODS

Serum, urine, and oral fluid or throat swabs were
sent to the WHO Regional Reference Laboratory in
Berlin according to the procedures outlined in the
WHO LabNet manual (11). Immunoglobulin (Ig)
M and IgG serologic testing was performed as de-
scribed previously (12). Sequencing was performed

according to WHO recommendations (13). Se-
quences were aligned by ClustalW (14) and further
analyzed by SeqScape 2.5 and MEGA4 DNA anal-
ysis software (15). Phylogenetic trees were con-
structed by using the neighbor-joining method.
Genotype assignment was performed by phyloge-
netic comparison with the measles virus reference
strains as designated by WHO (16). The obtained
sequence data, the genotype, the official WHO
measles virus sequence name, and relevant epide-
miologic data were submitted to the WHO measles
sequence data base, MeaNS (www.hpabioinformat-
ics.org.uk/Measles/Public/Web_Front/main.php)
or to GenBank.

RESULTS

Outbreak Hamburg/Lower Saxony

At the end of December 2008, a 27-year-old
man residing in the southern part of Hamburg was
hospitalized with measles. Five other adults con-
tracted the virus while waiting for treatment in the
emergency room. The resultant outbreak first af-
fected a southern quarter (Hamburg-Harburg) of
the city of Hamburg. It spread subsequently into a
Roma group residing in central Hamburg and to the
neighboring federal state of Lower Saxony. The
probable index case-patient was identified as a 19-
year-old Roma man living in Hamburg. He had
stayed in London from May through November
2008 and became ill at the beginning of December
with measles-like symptoms. The outbreak in Ham-
burg lasted from the end of December 2008 through
June 2009 (17); a 4-week peak occurred in Febru-
ary and comprised 216 cases in the city of Ham-
burg.

For 69% of the reported cases, the diagnosis was
laboratory confirmed. Complications leading to
hospitalization were seen in 40% of the patients
(pneumonia or otitis media). The affected age group
ranged from a 1-day-old newborn to a 54-year-old
adult (median age 13.5 years). Most frequently af-
fected were young children, then young adults.
Data with respect to vaccination status were avail-
able for 196/216 case-patients. No vaccination was
documented for 167 persons (85%); 28 had not yet
reached the age of vaccination (>11 months). Twen-
ty-six (13%) previously unvaccinated persons had
received MVCYV after being exposed to measles vi-
rus. Three patients had received 2 doses of MVCV.
Several of the 216 cases occurred in the Roma eth-
nic community.

Seventy-two cases of measles were reported
during the same time in Lower Saxony. Fifty-three
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cases were clearly related to the outbreak in Ham-
burg. The first cases in Lower Saxony were report-
ed during week 2 (January) and the last case oc-
curred during week 17 (April) of 2009; the peak of
the outbreak occurred during week 14 (April). The
connection to the Hamburg outbreak was suggested
either by the presence of patients in the emergency
department of a Hamburg hospital at the time in
question, an epidemiologic link, or the result of the
sequencing. Many cases occurred in the Roma eth-
nic group.

Case-patients ranged from 7 months to 42 years
of age (median age 15 years); adolescents and
younger adults were the main affected age group.
Forty-two (79%) casepatients had received no mea-
sles vaccination, 10 (19%) had received 1 dose of
MVCY, and 1 (2%) had been vaccinated 2 times. In
the latter case, primary infection with measles virus
was confirmed by PCR and IgM, but IgG was not
detected. Five patients received vaccination after
exposure, which did not prevent clinical symptoms.
Overall, 47 (89%) of measles cases were confirmed
by laboratory testing. Eleven (21%) case-patients
were admitted to a hospital with complications
(e.g., pneumonia, otitis media).

Specimens from 12 cases in Hamburg and 18
cases in Lower Saxony were genotyped. All case-
patients were infected with the same D4 measles
virus variant (MVs/Ham burg.DEU/03.09/[D4],
MVs/Harburg. DEU/06.09/[D4], and MVs/Wilde-
shausen.DEU/21.09/[D4]), none of which were
published in the GenBank and MeaNS databases.
D4-Hamburg showed 1 mismatch to other D4 mea-
sles virus sequences published in GenBank, MVs/
Raichur.IND/38.06/[D4]), MVi/Kolar.IND/03.07/1
[D4], and MVs/Enfi eld. GBR/14.07/[D4]; the latter
is a strain endemic to the United Kingdom and re-
sponsible for the large outbreak there during 2007-
2009 (Figure 1). Sequences identical to the Ham-
burg strain were subsequently identified in London
(MVs/London.GBR/5.09/[D4]).

Transmission to Bulgaria

In April 2009, after an absence of 7 years, mea-
sles cases began occurring in Bulgaria (18). Se-
quencing of 3 specimens from the National Measles
Laboratory in Sofia identified MVs/Shumen.
BGR/15.09/1-3(D4), identical to D4-Hamburg.
The index case-patient in the Bulgaria outbreak
was a Roma who worked as a builder in Hamburg
and who had visited Razgrad district in northeast-
ern Bulgaria. The outbreak in Bulgaria proceeded
from the northeast to the southwest of the country;

in 2009, a total of 2,249 cases were reported. A
marked increase in case numbers was reported at
the end of 2009 and in the beginning of 2010 (19).
From the start of the measles epidemic in April
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FIGURE 1. Phylogenetic relationships between measles
viruses of genotype D4 recently detected in Europe.
The measles virus variant D4-Hamburg initiated a
long-lasting transmission chain spreading to several
European countries during 2008-2011. D4-Hamburg
belongs to the D4-Enfield lineage, which is genetically
distinct from the previously widespread lineage D4-
Bucharest. Phylogenetic analysis is based on a 456-nt
sequence encoding the C-terminus of the measles virus
nucleocapsid protein. The tree was constructed by the
neighbor-joining method by using MacVector version
11.1.2 software (www.macvector.com). Scale bar
indicates number of 5-nt deviations per 1,000-nt
sequence. GenBank accession numbers are available
online (www.cdc.gov/EID/content/17/8/101994-F1.htm).
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2009 through the end of week 10 (mid-March) of
2011, a total of 24,379 cases were reported; 24 were
fatal (20).

The WHO Regional Reference Laboratory in
Berlin received 20 specimens at regular intervals
from hospitalized persons. Genotype information
was obtained for 19/20 case-patients (online Ap-
pendix Table, www.cdc.gov/EID/content/17/8/
101994-appT.htm). All viruses detected showed the
same sequence (MVs/Shumen.BGR/15.09/1-3-
[D4], MVs/Silistra.BGR/21.09/1-4[D4], MVs/Bla-
goevgrad. BGR/02.10[D4], MVs/Plovdiv.BGR/
03.10/1-3[D4], M Vs/Plovdiv.BGR/23.10/1-5-
[D4]), and MVs/VelikoTarnovo.BGR/10.11/1-2-
[D4]), with the exception of MVs/Plovdiv.BGR/
23.10/6[ D4], characterized by 1 mismatch (Figure 1).

Laboratory Investigation of Measles Virus
Samples from Bulgaria

Measles virus infection was reconfirmed for all
20 case-patients by positive test results for IgM,
PCR, or both (online Appendix Table). Results
were correlated with the clinical data for each case-
patient that had been compiled during hospitaliza-
tion. For 12 case-patients, vaccination status was
unknown; a 7-month-old baby was unvaccinated.
Seven case-patients (1, 7, 12, 14, 15, 17, and 18)
presented vaccination cards that stated the date of 1
or 2 vaccinations with MVCV (online Appendix
Table). All had positive [gM and PCR results; 2 had
measles virus-specific IgG (case-patients 7 and 14).
IgG avidity testing showed low avidity and thus a
vaccination failure for case-patient 7. The equivo-
cal IgM and the mediocre avidity of IgG in patient
14 did not indicate a primary infection. In summa-
ry, lack of immunologic response despite docu-
mented vaccination was apparent in 6 of 7 case-
patients.

Transmission of D4-Hamburg Strain in Europe

WHO Regional Reference Laboratories in Ber-
lin, Luxembourg, and London receive either speci-
mens or sequence information from the national
measles laboratories of 41 European countries. Se-
quencing of the 450-nt fragment of the N gene
showed that the D4-Hamburg strain had further
spread in Europe (Figure 2). Samples taken in Po-
land during the summer of 2009 showed infection
with a virus identical to D4-Hamburg (Figure 1); a
total of 54 cases were recorded during 2009, the
first in June and the last in October. All were linked
to 3 outbreaks among Roma residents in the towns
of Lodz, Pulawy, and Olpole Lubelskie (MVs/Lodz.
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FIGURE 2. Transmission of the D4-Hamburg measles
virus strain in Europe, 2008-2011. Arrows mark
transmission with known epidemiologic link; ellipsoids
mark detection without verified epidemiologic data. IRL,
Ireland; GBR, Great Britain; BEL, Belgium,; DEU,
Germany; POL, Poland; CHE, Switzerland; AUT,
Austria; ROU, Romania; SRB, Serbia; BGR, Bulgaria;
MKD, Macedonia; GRC, Greece; TUR, Turkey.

POL/27.09[D4], MVs/Pulawy.POL/28.09 [D4] (21).
The virus was also exported to Ireland (MVs/Kerry.
IRL/40.09[D4]) from the Roma population and
from there into Northern Ireland (MVs/Belfast.
GBR/50.09][D4]), with small clusters of associated
cases in both countries.

In Austria, 4 cases classified as D4-Hamburg—
associated were detected in March and June 2010.
A first sporadic case occurred in Graz in March. A
person of Bulgarian nationality who was a member
of the Roma ethnic group was infected; he was
staying in Austria at the time (MVs/Graz. AUT/
12.10[D4]). Three additional cases belonged to a
cluster observed among persons in Vienna who
spoke Bulgarian (MVs/Vienna.AUT/13.10[D4],
MVs/Vienna.AUT/23.10[D4], MVs/Vienna. AUT/
24.10[D4]). D4-Hamburg was also seen in Greece,
where the first cases and clusters at the beginning
of 2010 were identified among families of Roma
communities of Bulgarian nationality (MVs/Ama-
liada.GRC.12.10[D4], M Vs/Pyrgos. GRC/19.10
[D4]). The virus was then spread to persons of
Greek nationality, mainly from Roma communi-
ties, reaching 91 laboratory-confirmed measles
cases in 2010. Moreover, 2 sporadic cases of D4-
Hamburg were observed in 2010 in Romania (MVs/
Timis.ROU/18.10/1[D4]).

In Turkey, D4-Hamburg was detected in a tour-
ist who stayed in Romania and Bulgaria before vis-
iting Turkey (MVs/Istanbul. TUR/20.10/[D4]). In
Serbia, D4-Hamburg was detected in a person with
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a sporadic case (MVs/Belgrad. SRB/24.10/[D4])
and in the Roma population during an outbreak in
Leskovac (MVs/Leskovac.SRB/08.11/1[D4]); 13
persons were infected, of which 3 were hospital-
ized. The index case-patient was a person who re-
turned at the end of November from Germany
(Duisburg). Nearly 400 cases were detected in
Macedonia (MVs/Kumanovo. MKD/35.10/1[D4],
MVs/Skopje.MKD/44.10/1[D4]). Although we
cannot be sure that D4-Hamburg is the only virus
contributing to the current outbreaks in Serbia and
Macedonia, ongoing transmission of D4-Hamburg
is indicated by the recent detection of a sporadic
case of D4-Hamburg in Switzerland (MVs/Lau-
sanne.CHE/02.11[D4]; this person probably be-
came infected in Serbia) and by an outbreak of >40
cases in Belgium (MVs/Ghent. BEL/09.11/1[D4]).

Reimportation of the D4-Hamburg Strain to
Germany

In 2010, D4-Hamburg measles virus was reim-
ported to Germany. It appeared first in February in
Mannheim, where specimens from 3 case-patients
showed a sequence identical to D4-Hamburg (MVs/
Mannheim. DEU/07.10[D4]). The virus was intro-
duced by 8 persons from Bulgaria who belonged to
a Turkish-speaking minority population, had ac-
quired the infection in Dobrich (Bulgaria), and
transmitted the virus to 3 relatives who were living
in Mannheim. During June-August 2010, 48 mea-
sles cases were reported in Munich; 28 cases oc-
curred among Bulgarian Roma residents in a mi-
grant camp in eastern Munich. Several of these
residents worked as cleaning staff at hotels in Mu-
nich. From these persons and other hospitalized
members of the affected Roma group, the virus
spread into the general population.

The age of case-patients in Munich ranged from
9 months to 36 years; 7 case-patients were <7 years
of age, and 23 were >18 years of age. One case-
patient was hospitalized because of encephalitis.
Interviews with the help of an interpreter showed
that none of the case-patients had MMR vaccina-
tion documents. Therefore, vaccination was offered
to all inhabitants of the camp. Twenty-eight cases
were investigated at the WHO Regional Reference
Laboratory in Berlin. Twenty-three cases were as-
sociated with MVs/Muenchen.DEU/22.10[D4]
identical with D4-Hamburg, and specimens from 5
members of the same group were closely related to
MVs/Muenchen. DEU/23.10/2[D4]. Moreover,
clusters and sporadic cases of D4-Hamburg were
detected in several German cities, e.g., Eichstaett

(2 cases, MVs/Eichstaett. DEU/18.10[D4]) and
Ludwigshafen (1 case, MVs/Ludwigshafen. DEU/
21.10[D4]) in May 2010. These cases were linked
to importation of D4-Hamburg from Bulgaria and
did not initiate virus spread within Germany. The
same virus variant was also detected in a cluster of
cases observed in the city of Essen during June-
July 2010. This variant was imported from Bulgaria
by a citizen of Bulgaria (MVs/ Essen.DEU/
24.10[D4]) and spread to another citizen of Bul-
garia (MVs/Essen.DEU/25.10/1[D4]) and 6 per-
sons of the general population (MVs/Essen.DEU/
25.10/2[D4], MVs/Essen.DEU/28.10[D4)).

From week 47 (the end of November) on, 8 cas-
es of infection with D4-Hamburg occurred in Neu-
muenster, in northern Germany. This outbreak oc-
curred in a home for migrants mainly from
Afghanistan and Serbia (MVs/ Neumuenster. DEU/
47.10/1[D4]). From week 48 on, 6 cases were seen
in another home for migrants in Karlsruhe (MVs/
Karlsruhe.DEU/48.10[D4]).

Discussion

A combination of epidemiologic data and geno-
typing results enabled us to trace the spread of mea-
sles virus D4-Hamburg in Europe. It was imported
from London at the end of 2008 to northern Ger-
many (288 cases), then transmitted from Hamburg
to Bulgaria, where, after a 7-year absence of mea-
sles, an outbreak of 24,379 cases occurred. This
was the largest outbreak seen in Europe since an
outbreak in the Ukraine in 2006 (22).

Twenty cases from the outbreak in Bulgaria
were sampled at different times (April and June
2009, January and June 2010, and March 2011)
from persons in distinct districts. The samples were
collected initially in northeastern and later in south-
western Bulgaria, thereby following the course of
the outbreak. The cases were associated with mea-
sles virus sequences such as MVs/Shumen.BGR/
15.09[D4], corresponding to D4-Hamburg.

The only exception was MVs/Plovdiv.BGR/
23.10/6]D4], which showed 1 mismatch but in all
probability developed from MVs/Plovdiv.BGR/
23.10/1-5[D4]. Because the samples had been ob-
tained at different times and regions, our analysis
provides substantial evidence that D4-Hamburg is
responsible for the outbreak in Bulgaria, despite the
small number of samples. Samples from 6 of 7 per-
sons showed diagnostic markers of a primary mea-
sles infection, although these persons had a certifi-
cate of prior measles vaccination. Our results there-
fore demonstrate an urgent need to investigate the
vaccination procedures for ethnic minorities.
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D4-Hamburg was detected subsequently in Po-
land (54 cases) (21), Ireland, Northern Ireland,
Austria (4 cases), Greece (149 cases) (23), Serbia
(14 cases), Belgium (>40 cases), and Macedonia
(>400 cases). Sporadic cases were detected in Ro-
mania, Turkey, and Switzerland. More than 70 D4-
Hamburg—associated cases were detected in Ger-
many after 8 separate reimportations. Taken
together, D4-Hamburg was present in Europe from
December 2008 to March 2011 — that is, at least 27
full months — and caused >25,300 cases. Because
sequencing results are not available quickly in most
countries, this transmission chain is probably still
ongoing. Circulation of imported measles virus for
no longer than 12 months (and therefore endemic
transmission according to the WHO definition) is a
marker for successful elimination. We suggest,
therefore, that the length of a given transmission
chain should not be assessed on a national level but
at the level of the all 53 countries within the WHO
EUR.

Epidemiologic data showed that the spread of
D4-Hamburg across Europe involved predomi-
nantly persons from the Roma ethnic group in Bul-
garia. Another transmission chain affecting the
Roma population in particular was recorded in 2004
in Romania. An outbreak of >8,000 cases associat-
ed with MVs/Bucharest. ROU/48.04[D4] com-
menced in the Roma population. Subsequent spread
of D4-Bucharest by traveling Roma persons was
observed until 2007 (4). The pronounced sequence
deviation of D4-Bucharest and D4-Hamburg indi-
cates the presence of at least 2 distinct and succes-
sive transmission chains in the Roma population.
Both chains were long lasting and associated with a
high number of cases, as well as several fatalities.
This and other recent outbreaks in Roma communi-
ties (7,24,25) underline the need for the develop-
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