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SUMMARY
Background: Eliminating measles in Europe by 2015 is a WHO  health goal. In 
Germany, physicians are legally required to report measles cases, yet it 
seems likely that reporting is less than universal. The goal of this study is to 
compare the number of measles cases that are reflected by data from the 
statutory health insurance (SHI) carriers with the number of physician-
 reported cases during and after a recent outbreak in the German state of 
North Rhine–Westphalia (NRW).

Methods: We analyzed the billing data of SHI carriers relating to  measles in 
2006 and 2007, as well as the measles cases that were reported in NRW 
over this period as required by law. We calculated the incidence of measles 
as the number of measles cases per 100 000 insurees (SHI carrier data) or 
per 100 000 persons in the overall population (reporting data).

Results: The measles outbreak in the first half of 2006 comprised 1713 
measles cases according to the SHI data and 1665 cases that were 
 reported as required by law (ratio, 1.02:1). From mid-2006 to the end of 
2007, the SHI data reflected 821 cases, but only 349 cases were reported 
(ratio, 2.35:1). Younger patients were more commonly found among the 
cases reflected in the SHI data than among the reported cases.

Conclusion: Our study confirms that the system of legally mandated 
 reporting underestimates the true number of measles cases, particularly in 
times when most cases are sporadic, and particularly in children who are 
less than 5 years old.

►Cite this as: 
Mette A, Reuss AM, Feig M, Kappelmayer L, Siedler A, Eckmanns T,  
Poggensee G: Under-reporting of measles—an evaluation based on data 
from North Rhine–Westphalia. Dtsch Arztebl Int 2011; 108(12): 191–6.  
  DOI: 10.3238/arztebl.2011.0191

E liminating measles in Europe by 2015 is a WHO 
health goal (1). This goal is achieved for a par-

ticular country if the incidence there is less than one 
case per million inhabitants. There must be no measles 
cases among the country’s inhabitants, and any measles 
arriving from abroad must not spread any further within 
the country. Successful elimination requires, on the one 
hand, a vaccination rate among the population of more 
than 95%, for two doses of vaccine, to offset vaccine 
failure and guarantee herd immunity for those who 
have not been vaccinated, and on the other hand, 
 disease surveillance in which reporting of individual 
cases is as complete as possible, allowing targeted 
 interventions by public health services.

According to Germany’s Law on Protection Against 
Infectious Diseases (Infektionsschutzgesetz, IfSG), sus-
pected illness, illness, and death resulting from measles 
and laboratory confirmation of the measles virus must 
be reported to the appropriate health authority (2). On 
the basis of the case definition, the health authority 
 decides which cases are to be reported to the Robert 
Koch Institute via the appropriate regional authorities. 
The case definition is fulfilled when there is a clinical 
case of measles (Box), measles has been confirmed by 
laboratory diagnosis, or a clinical/epidemiological rela-
tionship between a patient and a case of measles con-
firmed by laboratory diagnosis can be established (3).

In 2004, the Sentinel of Associations of Statutory 
Health Insurance Physicians (KV Sentinel), a joint 
 project of Germany’s associations of statutory health 
insurance physicians (Kassenärztliche Vereinigungen, 
KVs) and the Robert Koch Institute, was established as 
a further disease surveillance tool. This provides the 
Robert Koch Institute with data on billed diagnoses of 
measles, whooping cough, chickenpox, mumps, and 
(since 2006) herpes zoster, and on performed vacci-
nations. This yields data on vaccination-preventable 
diseases and administered vaccinations from the whole 
population covered by statutory health insurance and 
being treated by a physician practicing in Germany or a 
physician authorized by an association of statutory 
health insurance physicians in a hospital. Data report -
ing by associations of statutory health insurance phy -
sicians to national and regional health reporting institu-
tions for longer-term analysis is governed by the Social 
Security Code V, which came into force in 2003 (4). All 
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17 associations of statutory health insurance physicians 
(KVs) report their billing data to the Robert Koch 
 Institute.

In 2006 there was a measles outbreak in the German 
state of North Rhine–Westphalia, in which cases in-
creased in schools and public facilities in particular (5). It 
reached a peak between the 7th and 23rd weeks (February 
to June) of 2006 and was most severe in Duisburg (6).

Surveillance systems for infectious diseases gen-
erally reveal under-reporting. Data from the measles 
sentinel established in Switzerland in 1986 indicate 
incidence rates 2 to 36 times higher than reported (7). 
Comparable under-reporting is suspected for measles in 
Germany (8–10). Thus this paper uses the measles 
cases in 2006 and 2007 in North Rhine–Westphalia to 
ascertain how many cases occurred according to the 
KV Sentinel and according to physician reporting as 
stipulated by the Law on Protection Against Infectious 
Diseases. It also examines whether the ratio between 
the two systems’ results varies depending on whether or 
not an outbreak is ongoing at the time.

Methods
Data from associations of statutory health insurance 
 physicians
Data on measles diagnoses among 15.4 million people 
covered by statutory health insurance (85.5% of the 
population of North Rhine–Westphalia) were analyzed. 
The data were reported to the associations of statutory 
health insurance physicians in North Rhine and West-
phalia–Lippe as part of quarterly billing by practicing 
physicians and physicians authorized by associations of 
statutory health insurance physicians in hospitals. After 
performing quality control the associations of statutory 
health insurance physicians sent anonymized data to 
the Robert Koch Institute. A detailed description of the 
methods used to gather, verify, and analyze the data 
submitted to the Robert Koch Institute is published 
elsewhere (11). The data set includes the following:
● Month and year of birth
● Sex
● First three digits of postal code
● Region of residence
● Specialty of billing physician and region or 

 borough of his/her practice
● Quarter to which billing corresponds
● ICD-10 code
● Degree of certainty of diagnosis, diagnosis status.
Using the additional information on the degree of 

certainty of diagnoses, the categories “confirmed diag-
nosis,” “suspected,” “post-disease,” and “disease ruled 
out” can be established. Diagnosis status divides diag-
noses into “acute” and “non-acute” and indicates 
whether a diagnosis was made during the quarter being 
billed or in a previous quarter.

Internal data validation took the form of verification 
of whether a case had already been diagnosed as 
measles with degree of certainty “confirmed diagnosis” 
or “post-disease” in 2004 (the beginning of data 
 collection) or 2005.

TABLE 1

Billed measles diagnoses by ICD-10 code, with degree of certainty of 
 diagnosis „confirmed diagnosis“ and „suspected“ in 2006 and 2007

ICD-10 code

B05

B05.0

B05.1

B05.2

B05.3

B05.4

B05.8

B05.9

Total

Disease

Measles

Measles complicated by 
 encephalitis

Measles complicated by 
 meningitis

Measles complicated by 
 pneumonia

Measles complicated by otitis 
media

Measles with intestinal 
 complications

Measles with other complications

Measles without complication

Confirmed 
 diagnoses (%)

7 (0.3)

49 (1.9)

13 (0.5)

35 (1.4)

225 (8.9)

12 (0.5)

59 (2.3)

2134 (84.2)

2534 (100)

Suspected 
 diagnoses (%)

0 (0)

23 (1.1)

2 (0.1)

7 (0.3)

20 (0.9)

2 (0.1)

35 (1.7)

2030 (95.8)

2119 (100)

BOX

The Robert Koch Institute’s clinical 
case definition for measles (3)
● Generalized rash (maculopapular) lasting more than 

3 days and
● Fever (above 38.5 °C [101.3 °F]) and
● At least one of the following:

– Cough
– Head cold (runny nose)
– Koplik spots
– Conjunctivitis
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If there were several ICD-10 codes for a single 
case, the most serious condition was used. Data sets 
that met the following criteria were considered to be 
measles:
● ICD-10 code B05.0, B05.1, B05.2, B05.3, B05.4, 

B05.8, or B05.9
● Degree of certainty of diagnosis “suspected” or 

“confirmed diagnosis”
● Diagnosis status “acute”.
Only diagnoses from the data set which were made 

for the first time in 2006 or 2007 were taken into con-
sideration.

Data according to the Law on Protection Against Infectious 
 Diseases
The reported data concern individuals with both statu-
tory and private health insurance as well as those with 
no insurance and those entitled to free health care. 
Cases were reported by the following:
● Physicians working on an inpatient or outpatient 

basis
● Community facility managers
● Alternative practitioners
● Pilots
● Ships’ captains
● Laboratory employees (2).
The data on measles cases submitted by health au -

thorities to regional authorities as part of mandatory 
 reporting, and by them to the Robert Koch Institute, 
 included the following:
● When reported
● Symptom onset
● Region or borough in which patient lives or 

usually resides
● Patient age
● Patient sex.
This research includes all cases in which symptoms 

began between January 1, 2006 and December 31, 
2007. The time of reporting was used when the time of 
illness onset was unknown. Dual reporting has been 
ruled out, as health authorities examine, enter, and 
 collate each individual case.

Calculating incidence rates
The incidence rate is calculated on the basis of the 
data from associations of statutory health insurance 
phy sicians as the number of documented measles 
diagnoses per 100 000 people covered by statutory 
health insurance in North Rhine–Westphalia (12). 
The KM 6 statistics (statutory health insurance: in-
sured persons) of the German Federal Ministry of 
Health and the population statistics of the Federal 
Statistical Office for 2006 and 2007 were used to  
determine what proportion of North Rhine–West -
phalia’s total population were covered by statutory 
health insurance (13). The annual incidence rate ac-
cording to the Law on Protection Against Infectious 
Diseases is based on the number of reported measles 
cases per 100 000 inhabitants of North Rhine–West-
phalia. 

TABLE 2

Number of measles cases in North Rhine–Westphalia by quarter, based on data 
from associations of statutory health insurance physicians (KV) and as 
report ed according to the Law on Protection Against Infectious Diseases in 
2006 and 2007 (outbreak shaded in beige)

Quarter

1st quarter 2006

2nd quarter 2006

3rd quarter 2006

4th quarter 2006

1st quarter 2007

2nd quarter 2007

3rd quarter 2007

4th quarter 2007

Total

Confirmed cases 
of measles (KV 
data)

618

1095

170

83

166

224

90

88

2534

Measles cases 
(report data)

608

1057

84

13

53

188

9

2

2014

Confirmed cases 
of measles (KV 
data) :  measles 
 cases (report 
 data) ratio

1.02 : 1

1.04 : 1

2.02 : 1

6.38 : 1

3.13 : 1

1.19 : 1

10 : 1

44 : 1

1.26 : 1

Measles incidence rates in North Rhine–Westphalia, 2006 and 2007; incidence rate 
(KV data) = confirmed measles diagnoses per 100 000 individuals with statutory health in-
surance; incidence rate (report data) = reported cases of measles, according to Germany’s 
Law on Protection Against Infectious Diseases, per 100 000 inhabitants. KV, association of 
statutory health insurance physicians

FIGURE
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Statistical analysis
Differences between the measles incidence rates based 
on data from associations of statutory health insurance 
physicians and as reported according to the Law on 
Protection Against Infectious Diseases were tested 
using the chi-square test for statistical significance.

Results
During the period covered by the research, physicians 
billing as authorized by associations of statutory health 
insurance physicians diagnosed measles in 4653 
 patients in North Rhine–Westphalia. 2119 of these 
diagnoses were “suspected”, and 2534 were “con -
firmed” according to bills (Table 1). The most common 
ICD-10 code in the quarter in which a measles diag-
nosis was billed for the first time was B05.9, “measles 
without complication.” Complications occurred in 393 
(15.5%) of patients with confirmed diagnoses. The 
most frequent complication was otitis. Of all measles 
diagnoses billed with associations of statutory health 
insurance physicians, 1160 (46%) were diagnosed by 
family doctors, 581 (23%) by pediatricians, and 309 
(12%) by internal medicine specialists. The remaining 
484 diagnoses were billed by other specialists (212, 
8%) or physicians with several specialties (272, 11%).

A total of 2014 measles cases were reported accord-
ing to the Law on Protection Against Infectious Dis-
eases in 2006 and 2007. Of these, around a third were 
confirmed by laboratory diagnosis. During the first half 
of 2006, the year of the measles outbreak, 1665 cases 
were reported according to the Law on Protection 
Against Infectious Diseases (Table 2). In the same 
 period, 1713 confirmed cases of measles were billed. In 
the second half of 2006 and in 2007, when there were 
only sporadic measles cases, a total of 349 measles 
cases were reported to health authorities, but 821 con-

firmed cases of measles were recorded in documents of 
associations of statutory health insurance physicians.

The outbreak in North Rhine–Westphalia came to a 
peak in the second quarter of 2006. In the first and 
 second quarters of 2006 the incidence of confirmed 
cases of measles was 4.0 and 7.1 per 100 000 people 
covered by statutory health insurance, falling drasti-
cally in the following quarters (Figure). The cumu-
lative measles incidence rate according to data from 
 associations of statutory health insurance physicians 
was higher than the measles incidence rate as reported 
according to the Law on Protection Against Infectious 
Diseases, both during the outbreak in the first and 
 second quarters of 2006 (11.1 per 100 000 and 9.2 per 
100 000, p = 0.4) and for the third quarter of 2006 
through the fourth quarter of 2007, after the outbreak 
(5.3 per 100 000 and 1.9 per 100 000, p <0.001).

The most significant differences between data from 
associations of statutory health insurance physicians 
and data reported according to the Law on Protection 
Against Infectious Diseases are seen when measles 
cases are grouped by age (Table 3). While approxi-
mately 87% of billed measles diagnoses occurred in 
children less than 10 years old, this age group 
 accounted for only 40% of the cases reported according 
to the Law on Protection Against Infectious Diseases 
(p <0.001). The age distribution within each of the data 
sources is the same both during and after the outbreak. 
The differing age distribution between the data sources, 
however, is unconnected with the outbreak. All patients 
with billed measles diagnoses were less than 40 years 
old. Of the 2014 new cases reported to health author-
ities, 1950 (97%) were in patients aged under 40.

Discussion
Eliminating measles by 2015 is a health target estab-
lished in Germany. Early diagnosis and prevention of 
further cases are necessary if this goal is to be achieved. 
Reporting of individual cases must be as complete as 
possible so that the first, isolated measles case and any-
one who has come into contact with the patient can be 
monitored. Action such as vaccination can then be 
taken to prevent further spread of measles. Physicians 
have a key role to play in this. When cases are reported 
by physicians, the appropriate health authority is able 
to begin background investigations early on and to 
carry out post-exposure vaccinations.

The essential questions addressed by the study were 
how many measles cases had been reported through the 
KV Sentinel and through the reporting system accord-
ing to the Law on Protection Against Infectious 
 Diseases, and whether the data-gathering systems dif-
fered from each other during an outbreak and when 
there was no outbreak. During the 2006 outbreak in 
North Rhine–Westphalia, the numbers of cases  reported 
and billed by physicians were almost the same. It seems 
likely that the extensive media coverage of the 2006 
measles outbreak, particularly in connection with the 
Soccer World Cup, raised physicians’ awareness of 
their duty to report measles cases. In addition, the need 

TABLE 3

Measles diagnoses described as confirmed in bills 
 according to KV data and measles cases reported 
accord ing to the Law on  Protection Against Infectious 
Diseases, by age, in North Rhine–Westphalia in 
 2006 and 2007

KV, association of statutory health insurance physicians

Age 
 (years)

<5

5 to 9

10 to 14

15 to 19

20 to 24

≥25

Total

No. (%) of confirmed  
KV diagnoses

1747 (69%)

486 (18%)

196 (8%)

91 (4%)

13 (1%)

1 (<1%)

2534 (100%)

No. (%) of cases report -
ed according to the Law 
on Protection Against 
Infectious Diseases

419 (21%)

385 (19%)

492 (24%)

344 (17%)

117 (6%)

257 (13%)

2014 (100%)
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and importance of reporting measles cases to the appro-
priate health authority probably seemed greater in the 
context of an outbreak.

However, when comparing the two data-collection 
systems it should be remembered that certain popu-
lation groups are not part of the study population of the 
KV Sentinel and are therefore not included in the data. 
These groups include the following:
● Those with private health insurance
● Those with voluntary health insurance
● Residents of North Rhine–Westphalia who are 

 entitled to free health care (e.g. federal police of-
ficers, firefighters, soldiers, and those carrying 
out civilian service)

● Those without insurance.
In contrast, measles cases reported according to the 

Law on Protection Against Infectious Diseases include 
suspected and confirmed cases of measles among all 
 individuals living in Germany, as reported by 
 physicians working on an inpatient or outpatient basis, 
community facility managers, alternative practitioners, 
pilots, and ships’ captains (2). Under-reporting of 
measles is therefore probably more extensive than indi-
cated here. The fact that measles was under-reported 
during the outbreak has also been shown in an earlier 
study on the outbreak. In one school in Duisburg, a 
total of 53 children fell ill in 2006, but only 27 (50.9%) 
were reported to the appropriate health authority (6). 
This made the health authority’s task of informing 
those who had come into contact with patients more 
difficult.

When there are only isolated cases of measles, as in 
the second half of 2006 and in 2007, the incidence rate 
calculated on the basis of the number of measles diag-
noses billed was around three times as high as the 
measles incidence rate according to the number of 
cases reported in line with the Law on Protection 
Against Infectious Diseases. Sporadically-occurring 
measles is therefore being significantly under-reported 
in terms of mandatory reporting. This could be because 
reporting sporadic cases is seen as less important than 
reporting during an outbreak. When asked in a ques-
tionnaire why cases of infectious diseases had not been 
reported as required, physicians gave the following 
 reasons:
● Forgot to report 
● Lack of habit
● Unsure whether an infection had to be reported
● Lack of time
● Complicated procedure (14).
Analysis of billing data shows that most measles 

diagnoses billed occur in children less than 5 years old, 
although half of all reported measles cases are in 
children and young people of school age. The reasons 
for this discrepancy are unclear. The conjecture that 
children of school age are admitted to hospital with 
complications more often than children aged under 5 
and are therefore reported by hospital physicians (who 
do not bill with associations of statutory health insur-
ance physicians) could not be confirmed by subsidiary 

analysis. The extent to which patients more than 
10 years old with private insurance contracted measles 
and as a result were reported according to the Law on 
Protection Against Infectious Diseases but not billed by 
physicians authorized by associations of statutory 
health insurance physicians remains unclear. Health 
authorities' own investigations or reports by commu-
nity facility managers made only an insignificant con-
tribution to the discrepancy. The reasons for the age 
group–specific differences in reporting and diagnosis 
behavior must therefore be discussed further.

In order to come closer to eliminating measles, the 
rate of new cases must be reduced. Early diagnosis of 
measles and measles vaccination, including post-
 exposure vaccination, play an important part in this. 
2008 school entry medical examinations showed that 
the WHO goal of at least 95% take-up for the first 
measles vaccination has been achieved in Germany. 
However, most regions of Germany still lag far behind 
95% take-up for the second measles vaccination (15). 
Due to Germany’s uneven vaccination, it has one of the 
highest measles incidence rates in Europe (16).

Conclusion and recommendations
The results of this study confirm that measles is being 
under-reported in Germany even though reporting is 
mandatory, particularly when measles cases are spo -
radic. Under-reporting is greatest in children less than 
5 years old. In order to achieve the goal of eliminating 
measles, physicians can play a key role in two ways: 
On the one hand, they can stress the importance of 
measles vaccination to parents, in conversation, on the 
other, measures to prevent the spread of measles can 
only be taken if treating physicians observe their legal 
obligation to report all suspected or confirmed cases of 
measles to the appropriate health authority.
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