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From December 2008 to June 2009 a measles outbreak
occurred in the Federal State of Hamburg, Germany.
The outbreak affected 216 persons and was caused by
a new measles strain termed D4-Hamburg which led to
consecutive outbreaks between 2009 and 2011 in at
least 12 European countries. Here, we describe epide-
miological characteristics of the outbreak and evalu-
ate the control measures taken in Hamburg. In one of
the seven boroughs of Hamburg a local Roma commu-
nity comprised more than 50% of the notified cases.
We compared in a stratified analysis the age distribu-
tion of these cases with cases of fellow citizens who
did not belong to the Roma community. The age group
of infants (0-11 months) comprised 33% among the
non-Roma measles cases, while in the Roma commu-
nity only 4% belonged to this stratum. In the stratum
of 5-17 year-olds only 8% were affected among the
non-Roma cases, whereas in the Roma community
50% belonged to this age group. We discuss the influ-
encing factors that might have led to this difference in
age distribution between the two groups.

Background

In December 2008 a measles outhreak started in the
city of Hamburg, reached its peak during February
and March 2009 and ended in June 2009 [1]. As dem-
onstrated later by molecular typing, this outbreak was
the origin of European-wide spread of a measles strain
closely related to D4-Enfield, but later classified as
a separate strain on the basis of sequence analysis.
Consequently this strain was named D4 Hamburg. The
spread of this D4-Hamburg virus continued in Europe
in the following three years and led to consecutive out-
breaks in Bulgaria, Poland, Ireland, Northern Ireland,
Austria, Greece, Romania, Turkey, Macedonia, Serbia,
Switzerland and Belgium with over 25,000 persons
infected [2].
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The following surveillance data on the D4-Hamburg
outbreak concerning age, vaccination status and hos-
pitalisation rate of cases have been published earlier
[1,2] and are only briefly summarised here: The age
range of cases was 1 day to 54 years; the mean age
was 14.6 years and the median age was 13.5 years. A
vaccination card was available for 196 of 216 cases
(91%). Of these, 157 cases had no record of immunisa-
tion with measles-containing vaccine (MCV), including
28 cases below the recommended vaccination age of
11 months. Of 39 cases with a record of MCV immuni-
sation, one dose was documented for 33 cases, two
doses for three cases, and for three cases the record
was ambiguous. Of the 33 cases with one documented
dose, 26 were contacts who had received a combined
measles-mumps-rubella vaccine (MMR) as post-expo-
sure prophylaxis, but still developed the disease. No
case fulfilled the criteria for application of passive pro-
tection using antiserum according to guidelines of the
German Standing Committee on Vaccination (Sténdige
Impfkommission, STIKO) [3]. The hospitalisation rate
was 40%, with pneumonia and otitis media as the most
frequent complications. No fatality was reported in this
outbreak.

Measles virus infection has been a notifiable disease
in Germany since 2001 according to the Communicable
Disease Law Reform Act (Infektionsschutzgesetz,
IfSG). Vaccination guidelines are provided by the
STIKO, which is affiliated to the Robert Koch Institute
(RKI) representing the federal institution for disease
prevention and control in Germany. According to STIKO
guidelines, a first dose of MCV should be given at the
age of 11 to 14 months and a second dose at the age of
15 to 23 months, preferably using combined MMR vac-
cine [3]. For individuals missed in the regular sched-
ule, catch-up vaccination is recommended. Since 2010,



the STIKO has additionally recommended a single dose
of MCV to be given to any person born after 1970 who
has not received two doses of MCV or does not have
a medical record of a subsided measles infection [4].
This decision to extend MCV immunisation to adults
was taken as a result of continuing measles outbreaks
in Germany, including the outbreak described here [5].

To meet the WHO European Region measles elimination
target by 2015, a vaccination coverage of 95% for two
doses of MCV is necessary [6]. According to assess-
ment at school entry, adequate vaccination status has
increased in Germany over the last 10 years, but cov-
erage is still below this threshold (Germany 90.2%,
Hamburg 90.5%) [7]. Furthermore, underserved minori-
ties have repeatedly been involved in large outbreaks in
Germany [8,9]. Here, we describe the measles outbhreak
in the Federal State of Hamburg in 2008-09, which dis-
proportionally affected a local Roma community.

Methods

For the D4-Hamburg outbreak description, data from
the electronical surveillance system were re-evaluated
according to IfSG using SurvNet software of RKI. These
notification data include case information on age, sex,
onset and duration of disease, clinical symptoms, lab-
oratory confirmation, epidemiological links between
cases and vaccination status if available. In addition,
semi-structured records on contact tracing and out-
break containment measures of the seven public health
departments of Hamburg were evaluated.

Cases were defined as persons with a) a generalised
maculopapular rash for more than three days AND
fever AND at least one of the following symptoms:
cough, coryza, conjunctivitis or Koplik spots, OR b) a
generalised maculopapular rash for more than three
days AND/OR fever, AND laboratory diagnosis of mea-
sles infection. Persons with laboratory diagnosis of a
measles vaccine strain were excluded.

Measles virus RNA in nasopharyngeal swabs or oral
fluid was detected by real-time RT-PCR performed at
the municipal Institute for Hygiene and Environment
as described earlier [10]. Genotyping was performed
at the National Reference Centre (NRC) for Measles,
Mumps, and Rubella as described earlier [11].

Analysis of the cases’ areas of residence by post-
code and cartography was performed employing
the Geographical Information System software ESRI
ArcGIS.

Outbreak description

Epidemic curve and geographical distribution

The outbreak started in 2008 with a case in week 49
and a second case in week 52. It continued in 2009
from week 2 to week 25 with 214 cases (Figure 1). The
case in week 52 of 2008 was initially termed as the
index case for Hamburg, although the patient falling ill

FIGURE 1

Epidemic curve of measles D4-Hamburg outbreak,
Hamburg, 1 December 2008-17 June 2009 (n=216)
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Cases were assigned to the corresponding week according to
appearance of first measles symptoms.

FIGURE 2

Outbreak location in the Federal State of Hamburg,
Germany, bordering Lower Saxony and Schleswig-
Holstein, 1 December 2008-17 June 2009 (n=216)
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in week 49 of 2008 was retrospectively counted in as
belonging to the outbreak as well. The outbreak lasted
for 29 weeks with highest case numbers between week
6 and week 10 of 2009 (Figure 1).

Between week 3 and week 18 of 2009 the outbreak
expanded to Lower Saxony, a bordering federal state
south of Hamburg (Figure 2). Here, 53 cases were noti-
fied. Within the city limits of Hamburg the outbreak
was mainly localised in the boroughs south of the river
Elbe with a focus on the boroughs of Hamburg-Mitte
and Harburg (Figure 3). To analyse the spatial distribu-
tion of the outbreak in more detail, postcodes of the
case’s place of residence were mapped using geoinfor-
mation software at the Centre for Infectious Disease
Epidemiology. As demonstrated by this approach, eight
of 21 postcode areas were affected in this borough. The
highest incidences were restricted to the two postcode
areas in the district of Wilhelmsburg (Figure 4).

Clinical and laboratory-confirmed cases

For 207 of the 216 cases the diagnosis was based on
the clinical presentation and 190 of the 216 cases were
linked to another case epidemiologically. For 149 of the
216 cases a laboratory confirmation was notified rep-
resenting 69%. For 100 of them laboratory diagnosis
was based on PCR, of which 78 were confirmed by PCR
alone, 20 by PCR in conjunction with IgM detection,
and one each by PCR in combination with rising IgG
titre or virus isolation. A further 44 of the 149 labora-
tory-confirmed diagnoses were based on IgM detection
alone, while four cases were based solely on rising IgG
titre. One case was confirmed by virus isolation in con-
junction with IgM detection.

In addition to patients who received laboratory con-
firmation of measles infection by their family doctor,
physicians of the public health departments offered
immediate laboratory diagnostics during contact trac-
ing to potentially infected individuals. To this end
nasopharyngeal swabs or oral fluid were taken and
analysed for measles virus RNA by real-time RT PCR.
Laboratory analyses were offered free of charge to the
public health departments of Hamburg by the munici-
pal Institute for Hygiene and Environment. Of 174 per-
sons from whom nasopharyngeal swabs or oral fluid
were taken during contact tracing, 100 were found pos-
itive. This represents 67% of all laboratory-confirmed
cases of the outbreak. For sequencing and genetic
strain analysis, 23 swabs were sent to the NRC. Twelve
of them were identified as the virus strain later termed
D4-Hamburg [2]. Ten samples that were found positive
in diagnostic PCR could not be sequenced successfully.
For one sample sequencing revealed an infection with
the vaccine virus, and consequently this patient was
not counted as a case.

Index case
On 27 and 28 December 2008, a patient in their 20s
presented to the outpatient department (OPD) of a
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FIGURE 3

Measles cases in the seven boroughs of Hamburg, 1
December 2008-17 June 2009 (n=216)
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FIGURE 4

Measles cases in the borough of Hamburg-Mitte by
postcode areas of residence, 1 December 2008-25 May
2009 (n=107)
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Incidence per 100,000 is given in parentheses. For two postcode
areas extending outside the borough borders of Hamburg-Mitte,
the incidence was not determined (n.d.).

hospital in Hamburg. The patient had suffered from a
sore throat since 24 December 2008 and had devel-
oped a rash after taking acetylsalicylic acid. Under
the assumption of streptococcal pharyngitis and drug
eruption ambulatory treatment with amoxicillin, par-
acetamol and an anti-histamine was given. Because
the patient’s condition deteriorated, they presented
on 29 December 2008 to the OPD of a second hospi-
tal where infection with measles virus was suspected
and the patient was hospitalised. As any case of



clinically suspected measles has to be notified accord-
ing to the IfSG, the responsible public health depart-
ment received a report on this case on 31 December
2008. Laboratory diagnosis later confirmed the infec-
tion by demonstrating positive IgM titre against mea-
sles virus and increasing IgG titres.

First and following generations of cases

The OPD visited first by the index patient was highly
frequented between Christmas and New Year. The wait-
ing area was overcrowded and patients had to wait for
several hours. Potentially infectious patients were not
separated. Between 8 and 11 January 2009, five per-
sons that had been present in this OPD on 27 or 28
December 2008 fell ill with measles. These comprised
two patients present in the waiting area for accident
and emergency consultation, four persons accompany-
ing patients to the OPD for medical advice in internal
medicine or accident and emergency, and one hospital
staff. All five cases were notified by their physicians
according to the IfSG. Further spread from these five
cases to household contacts was traced by the pub-
lic health departments. In the entire outbreak, one or
more, transmission chains were identified at each of
the affected publicly accessible sites such as kinder-
gartens, primary and secondary schools, shopping
centres, and waiting areas of medical practices. Exact
numbers cannot be given because not all records on
transmission sites were accessible for retrospective
evaluation.

Spread in a Roma community

On 26 January 2009, the public health department of
Hamburg-Mitte received a report on a measles case
in @ woman in her 20s who was in her 16th week of
pregnancy when she was diagnosed with measles on
16 January 2009. As part of the contact tracing activi-
ties, a home visit was paid to this patient. She declared
unquestioned that she belonged to a settled Roma
community that traditionally lives in this borough
of Hamburg. She further stated that all contact per-
sons named by her also belonged to that community.
Consequently, she was regarded as the index case for
the Roma community. In the following nine weeks, 60
persons who indicated that they belonged to the same
community fell ill with measles. Of those, 56 cases
lived in Hamburg-Mitte which represents 52% of the
107 cases reported in this borough. The last case of
the community fell ill on 19 March 2009. Additionally,
in Lower Saxony seven cases stated that they belonged
to the ethnic group of Roma.

On subsequent home visits paid to the community, two
more cases were identified who had occurred earlier
than the case regarded initially as the Roma commu-
nity index: On 2 December 2008, an adolescent from
the community was diagnosed with measles. The
patient had been visited by relatives from London in
the month of November 2008. This case was notified,
but notification reached the responsible public health
department with a delay of several weeks. Although no

link could be found to the patient who later presented
to the OPD, this adolescent was most likely the true
index case of the measles D4-Hamburg outbreak. On
17 December 2008 the patient’s older sibling fell ill
with measles. No notification of this case was received
although the patient had been seen by a physician. The
older sibling was acquainted with the pregnant woman
formerly regarded as the Roma community index case,
but stated no personal contact to her. Even assuming a
maximal length of infectious and incubation period (9
and 21 days, respectively), disease onset in the older
sibling occurred at least five days too early to allow
a direct virus transmission from them to the preg-
nant woman. Thus, it is highly probable that at least
one more connecting case occurred in the community
that was not seen by a physician, misdiagnosed or not
notified.

Control measures

In all boroughs of Hamburg control measures were
taken, but actions were focused on those boroughs
south of the river Elbe where most cases were reported.
Visits were paid to 34 community facilities such as kin-
dergartens, primary schools and secondary schools.
A community facility was selected for a visit if a case
had occurred there, if a contact of a case attended that
facility, or if it was located in a district highly affected
by the outbreak. On these occasions, 364 doses of
MCV were given on site to children as well as teach-
ers and staff. Another 497 children who could not pro-
duce parental consent to vaccination were advised to
receive MCV from their family doctor. A total of 701
persons attending or working at the community facili-
ties could not provide proof of MCV immunisation or a
medical record of a subsided measles infection, and
were, based on IfSG, suspended for two weeks from
their last potential contact to an infectious person.

In the context of enhanced measles surveillance,
the frequency of case notifications from local health
departments to RKI was increased from weekly to daily.
In parallel, surveillance data were evaluated and com-
piled by the Centre for Infectious Disease Epidemiology
for briefings of the State Health Department of Hamburg
and for press releases targeting either the general pub-
lic or specifically local physicians.

To provide information on measles to residents of
affected districts and to offer low-threshold access
to vaccination, a promotional bus was borrowed from
the German Organisation for the Protection of Children
(Deutscher Kinderschutzbund Hamburg, DKSB) and
allocated for medical advice on measles prevention.
Staff included two physicians, two assistants, and at
least two interpreters. Interpreters were health media-
tors of the programme With Migrants for Migrants (Mit
Migranten fiir Migranten, MiMi) which is described in
detail elsewhere [12]. The promotional bus was opened
on six occasions for four hours at central public places
in the borough of Hamburg-Mitte. On these occasions
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964 consultations were requested and 18 MMR vacci-
nations were given.

To specifically reach the Roma community, 10 home
visits were paid by the Public Health Department
of Hamburg-Mitte to Roma patients and their con-
tacts between 19 January and 5 February 2009. Staff
included a physician and at least one assistant. On
these occasions, vaccination cards were controlled and
MMR immunisation was offered as well as laboratory
diagnostics by nasopharyngeal swabs or oral fluid. No
data were recorded separately for the Roma community
concerning the number of persons seen, contact per-
sons traced or vaccinations given, but on these occa-
sions 19 PCR-positive measles cases were identified in
the community.

Age distribution of cases in Hamburg-Mitte

Of 107 cases notified in the borough of Hamburg-Mitte,
56 belonged to the Roma community. We considered
these surveillance data as suitable for further analy-
sis with respect to the affected Roma and non-Roma
community in Hamburg-Mitte. No significant differ-
ence in sex distribution of infected individuals was
seen between both groups (non-Roma: 28 male and
23 female, Roma: 29 male and 27 female, chi-squared
test, two-tailed p value: 0.747). As shown in Figure
5A the mean age of the cases was 10.1 years for the
Roma group and 11.8 years for the non Roma group,
while their median age was one year for the non-Roma
and nine years for the Roma group. As the difference
between mean and median in the non-Roma group
pointed to a non-Gaussian distribution, we wanted to
study the age distribution in both groups in more detail
and therefore defined five age groups for a stratified
analysis. Stratification was chosen as follows accord-
ing to the standard vaccination schedule as recom-
mended by STIKO guidelines [3]: (i) infants under the
age for receiving MCV (<11 months), (ii) age range for
scheduled administration of two doses of MCV (12-23
months), (iii) age range without scheduled vaccina-
tions (2—4 years), (iv) age range for further scheduled
and catch-up vaccinations (5-17 years), (v) adults (>18
years). As shown in Figure 5B, the age distribution in
the strata (i) and (iv) differed between the groups.

Discussion

For outbreak surveillance to be sufficient, 80% of clini-
cally diagnosed measles cases should according to the
World Health Organization’s guidelines, be laboratory-
confirmed [6]. In the outbreak described here, 149 of
216 cases (69%) were confirmed by laboratory analy-
ses. Of these 100 were identified by PCR from naso-
pharyngeal swabs or oral fluid, representing 67% of
the tests. These PCR diagnostics were offered during
contact tracing and home visits by the public health
departments and performed at the municipal Institute
for Hygiene and Environment. In contrast to serological
analyses as a standard tool for laboratory diagnosis
of measles infection, taking of nasopharyngeal swabs
or oral fluid for PCR is non-invasive and was easily
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FIGURE 5

Age distribution of affected Roma and non-Roma in
the borough of Hamburg-Mitte measles D4-Hamburg
outbreak, 1 December 2008-25 May 2009 (n=216)
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performed by medical assistants. After arrival of the
material at the Institute for Hygiene and Environment,
PCR results were available within four to 24 hours and
thus proved to be a fast and useful tool for laboratory
confirmation of suspected cases found during contact
tracing. The Institute for Hygiene and Environment
offered PCR analyses free of charge to the public
health departments in Hamburg which do not have a
budget for laboratory analyses. Furthermore, availabil-
ity of nasopharyngeal or oral fluid swab material was
a prerequisite for genetic comparison of the strains
by the NRC and identification of the epidemiological
links of the D4-Hamburg virus in Europe [2]. In sum-
mary, free-of-charge PCR analyses provided a useful
tool for rapid case identification, laboratory confirma-
tion and genetic analysis of the measles strain in the
D4-Hamburg outbreak.

Healthcare facilities can play an important role in
measles outbreaks [13,14]. This was also true for the
outbreak in Hamburg, where an early focus of virus
transmission was a waiting area in a hospital, and at
least one further transmission site was the waiting
area at a doctor’s practice. Among the first generation
of notified cases a member of hospital staff was identi-
fied. Later, a second case of measles in a nurse was
notified. Both cases had never received a dose of MCV
according to their vaccination cards. The STIKO has
since 2007 recommended a single dose of MCV to be
given to non-immune healthcare staff, preferably as a
combined MMR vaccination [15]. Still there is no obliga-
tion to comply with this recommendation and control
of adequate vaccination status of their employees is
the responsibility of the healthcare facility. Suboptimal
immunisation coverage of healthcare profession-
als in Germany has been described before [16]. The
D4-Hamburg outbreak demonstrates again that pre-
vention of disease transmission in healthcare facilities
needs to be addressed.

One of the measures to contain the outbreak was a
promotional bus positioned in public places on six
occasions, providing information and vaccinations.
Counselling was requested by 964 visitors who, accord-
ing to the physicians present, were almost exclusively
adults on their way to the nearby shopping centres.
Only 18 persons (less than 2% of visitors) accepted
on-site MMR vaccination. No data were recorded on
age, sex or immunisation status, but it is likely that
more visitors with inadequate measles protection did
not want to receive a vaccination on this occasion. We
conclude that the promotional bus as used in this out-
break was appropriate for providing information on
measles to the local public, but it was not efficient in
promptly raising vaccination numbers. We would there-
fore recommend this approach in an outbreak situation
where the main intent is increasing public awareness.
Furthermore, any outbreak containment measure
should record all accessible data in order to allow a
later evaluation of the measure’s efficiency.

To specifically reach the Roma community, home vis-
its were paid to Roma patients and their household
contacts. This approach was chosen because other
attempts to establish contact with cases in the com-
munity were unsuccessful. As reported by the outbreak
investigation teams, initial visits to a household were
received with apprehension. On subsequent visits,
members of the community stated that this may have
been caused by an uncertainty to which public author-
ity the team belonged and what their actual intention
was. When a team member identified themselves as
a physician they were met with more trust on further
visits, and contact tracing and outbreak investiga-
tions became possible. During the home visits PCR
diagnostics could be offered without delay, which
allowed identification of a total of 19 cases that oth-
erwise might not have been notified. Based on infor-
mation gained during the visits the likely index patient
of the outbreak was identified retrospectively and
the initial transmission chain in the Roma community
could be partially reconstructed. Furthermore, pres-
ence of a physician allowed on-site vaccinations in the
Roma community. It is a shortcoming that no data were
recorded on the number of vaccinations given on these
visits, but this measure might have contributed to the
fact that virus transmission stopped nine weeks ear-
lier in the Roma community than in the non Roma com-
munity of Hamburg-Mitte. In our experience, repeated
home visits by a physician are an advisable approach
to establish contact to this minority and to take imme-
diate outbreak containment measures.

In a retrospective analysis we compared the age distri-
bution of cases in the Roma community and the non-
Roma community in the borough of Hamburg-Mitte.
We considered the outbreak parameters as suitable for
this comparison for two reasons: (i) number of cases
and sex distribution were similar in both groups, (ii)
both groups were citizens of the same borough, with
85% living in the same district as demonstrated by
postcode analysis. No reliable figures exist on the size
of this settled Roma community in Wilhelmsburg, but
as an estimate, the community may comprise several
hundred persons. It is a shortcoming of our analysis
that no statistical reference figures are available to
compare age-related incidences in the two subpopula-
tions. Thus, our data only describe case numbers as
they were recorded.

The most prominent differences occurred in the strata
of 0—11 month- and 5-17 year-olds. In the non-Roma
community, 33% of 0—11 month-olds were infected with
measles, compared with only 4% of the Roma com-
munity. This age group consists of infants too young
for MCV immunisation according to STIKO guidelines.
Their immune protection correlates with the level and
persistence of transferred maternal antibodies and
may depend on whether the mother’s immunity was
acquired by natural infection or by vaccination [17].
Other factors modify this passive immunity, e.g. expo-
sure to wildtype measles virus as a natural booster or
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age of the mother during pregnancy [18]. It is tempting
to speculate that early protection in the Roma commu-
nity described here may have been higher because the
mothers were exposed to wildtype measles infection,
but this hypothesis could only be verified if data on
their measles immune status were available.

Only 8% of 5—17 year-olds were affected among the
non-Roma citizens, compared with 50% in the Roma
community. For this age group standard and catch-up
vaccinations including MCV are recommended accord-
ing to STIKO guidelines. There are two mandatory
checkpoints in Hamburg for control of a child’s vac-
cination status by a physician, the first on entry to
kindergarten, the second on entry to school. The first
checkpoint is unlikely to reach children of a Roma com-
munity as they are usually parented by community
members. At school entry the main focus is on control-
ling the vaccination record, and in case of undervac-
cination the parents are usually referred to their family
doctor. This referral might be ineffective with members
of a Roma community as they tend to make less use
of standard healthcare and preventive services [19-
21]. Thus, it is conceivable that the current approach
to ensure adequate immunisation status of children in
Hamburg is more effective in the non-Roma than the
Roma population, in which undervaccinated children
and adolescents may accumulate.

In other measles outbreaks in Europe involving
Roma communities, the age distribution of cases dif-
fered between Roma and non-Roma citizens [22,23],
although the results of these analyses are divergent.
This might be explained by differences in the subpopu-
lation analysed (e.g. Roma or Sinti), the living condi-
tions of the subpopulation (e.g. settled or travelling),
diversity in national vaccination schemes, and differ-
ent approaches to implement vaccination programmes
for underserved minorities.

The group of Roma has suffered extensively from this
outbreak in Hamburg and in other European countries
[24]. The D4-Hamburg outbreak demonstrates again
that strategies to raise measles vaccination coverage
should be specifically devised to target underserved
populations. Furthermore, innovative outbreak con-
tainment measures and vaccination programmes are
needed. In a review of the literature concerning the
interaction between Roma communities and health
service providers, Hajioff and McKee came to the
conclusion that published research is sparse [25]. We
suggest that studies are needed to better understand
the view of Roma community members towards the
healthcare sector in order to be able to create vaccina-
tion programmes that are acceptable to this neglected
minority.
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