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Danish MMR vaccination coverage
is considerably higher than reported
Nanna Holt, Anna Mygind & Flemming Bro

Abstract
Introduction:The Danish childhood vaccination pro-

gramme offers protection against measles, mumps, and rubella (MMR). Nevertheless, many children appear to be unvaccinated according to the national registers. The aim of
this study was to estimate the MMR1 vaccination coverage
based on a medical record review of children whose vaccination status is negative according to the register-based
data.
Methods: We conducted a cross-sectional study of 19 randomly selected general practices in the Central Denmark
Region including 1,712 children aged 18-42 months. The
practices received a registration form listing children with a
negative MMR1 vaccination status in the register-based
data. The general practices then validated the children’s
vaccination status by medical record review.
Results: In total, 94% of the children had been vaccinated
according to the medical records in general practice compared with 86% according to the register-based data. Of the
246 children who were unvaccinated according to the register-based data, 135 (55%) had been vaccinated according to
the medical records. This discrepancy was due mainly to administrative reimbursement errors.
Conclusions: The MMR1 vaccination coverage in Denmark seems to be considerably higher than reflected in national registers. Using medical record review to re-assess
the vaccination status revealed that most of the supposedly
unvaccinated children had, in fact, been vaccinated.
Funding: The Danish Research Foundation for General
Practice and the General Practitioners’ Foundation for
Education and Development.
Trial registration: not relevant.

Childhood vaccination programmes have received broad
international support over the past decades. Measles,
mumps, and rubella (MMR) are among the most commonly included diseases, and they form part of all European childhood vaccination programmes [1]. All three
diseases may cause severe illness; but measles, in particular, can be dangerous and is highly contagious [2].
Since 1987, children in Denmark have been offered
MMR vaccinations, initially at 15 months and 12 years of
age, and since 2008 at the age of 15 months (MMR1)
and four years (MMR2), respectively [3].
MMR vaccinations have proven health benefits

worldwide, and the World Health Organization (WHO)
recommends two vaccinations against MMR and a min
imum 95% coverage for both vaccinations to obtain herd
immunity and prevent outbreaks [4]. However, according to official national data for 2015, MMR1 coverage in
Denmark was only 88% and even lower for MMR2 [3],
apparently leaving Denmark as one of the Western
countries with the lowest coverage [1 ,3, 5].
Other Western countries also face challenges regarding insufficient MMR coverage [1, 6]. Former studies
have attributed this to oversight or negative attitudes in
parents towards the vaccinations [6-8]. These attitudes
have been supported by an assumed correlation between MMR vaccination and severe illnesses such as autism and inflammatory bowel disease [9]. Nevertheless,
this association has been rejected in later studies [10,
11].
We conducted a medical record audit of the MMR1
vaccination status in five general practices in the Central
Denmark Region (CDR) in 2015. Surprisingly, only very
few parents had refused to have their child vaccinated.
The most prevalent reason for putative non-vaccination
proved to be administrative errors in the registration
procedure, which indicated that the coverage could be
higher than reflected in the national estimates.
In Denmark like in several other European countries, administrative data are used to estimate the national vaccination coverage [12].
However, concerns have been raised about the
validity of such data [13, 14]. Therefore, the aim of the
present study was 1) to estimate the MMR1 vaccination
coverage based on medical record review of children
with a negative vaccination status according to the re
gister-based data and 2) to explore the reasons for any
identified discrepancies.
Methods
Study design
We conducted a cross-sectional study and invited 30
randomly selected general practices to estimate the
MMR1 vaccination status on the basis of a medical record review for children without MMR1 vaccination according to register-based data. We used register-based
data from the CDR, which are also used to assess the
MMR vaccination coverage on a national level.
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TablE 1
Characteristics of participating and non-participating practices (N = 30).

Listed patients, total n

Participating
(N1 = 19)

Non-participating
(N2 = 11)

75,383

42,236

Listed patients per practice, n (%)
< 3,000 patients

8 (42)

3 (27)

3,000-5,999 patients

8 (42)

6 (55)

6,000-8,999 patients

2 (11)

2 (18)

≥ 9,000 patients

1 (5)

0

Listed children aged 18-42 mo.s, total n

1,712

886

Listed children (18-42 months) per practice, n (%)
< 100 patients
100-199 patients

12 (63)

8 (73)

5 (26)

3 (27)

200-299 patients

1 (5)

0

≥ 300 patients

1 (5)

0

Proportion of listed children, 18-42 mo.s, n (%)
< 1.5%

6 (32)

3 (27)

1.5-2.49%

7 (37)

7 (64)

2.5-3.5%

6 (32)

1 (9)

Practice type, n (%)
Solo
Partnership

6 (32)

3 (27)

13 (68)

8 (73)

Coverage according to register-based data, n (%)
< 70%

0

1 (9)

70-74.99%

0

2 (18)

75-79.99%

0

2 (18)

80-84.99%

9 (47)

2 (18)

85-89.99%

2 (11)

2 (18)

90-94.99%

6 (32)

2 (18)

95-100%

2 (11)

0

Mean coverage according to register-based data, %

86

82

TablE 2
Measles, mumps, and
rubella-1 vaccination
coverage in register-based
data compared with
medical records.

Practice
no.

Listed children,
aged 18-42
mo.s, N

Vaccinated according to, n (%)
register-based data medical records

1

30

29 (97)

29 (97)

2

41

40 (98)

41 (100)

3

15

14 (93)

15 (100)

4

26

24 (92)

25 (96)

5

23

19 (83)

20 (87)

6

40

36 (90)

37 (93)

7

48

43 (90)

47 (98)

8

49

44 (90)

46 (94)

9

32

26 (81)

28 (88)

10

48

40 (83)

44 (92)

11

66

54 (82)

56 (85)

12

81

68 (84)

74 (91)

13

107

93 (87)

99 (93)

14

120

102 (85)

114 (95)

15

212

193 (91)

200 (94)

16

141

117 (83)

131 (93)

17

173

145 (84)

157 (91)

18

155

125 (81)

141 (91)

19
Total

305

254 (83)

297 (97)

1,712

1,466 (86)

1,601 (94)
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Setting
The study was conducted in the CDR, which is one of five
Danish regions. The CDR covers approximately 1.2 million inhabitants, 381 general practices and 836 general
practitioners (GPs). The Danish general practice system
is characterised by a list system; a typical GP has a list of
approximately 1,600 persons; and GP remuneration is
based on a mixed capitation and fee-for-service system
[15]. All residents in Denmark are registered with a
unique personal identification number (CPR number),
which makes it possible to obtain accurate information
about healthcare services provided for all Danish residents, including their vaccination status [16].
Register-based vaccination status
Until the end of 2015, the national vaccination coverage
was based entirely on data from the Danish National
Health Service Register [13, 17]. The GPs, who predom
inantly perform the vaccination of the children, provide
these data by invoicing the regions with a unique code
for each type of vaccination [13, 18].
Data collection
On 31 May 2016, each participating practice received a
registration form with a list of children aged 18-42
months from their practice who by 29 April 2016 had
not received an MMR1 vaccination according to the re
gister-based data. For each child, the GP recorded
whether the child was: 1) vaccinated at own practice,
2) vaccinated elsewhere, or 3) unvaccinated. In case of
any doubt about a vaccination status, the child was recorded as unvaccinated. If the child was vaccinated at
own practice, we obtained further information from the
CDR, including whether the practices had invoiced using
the correct unique code or not.
Also, we obtained information from the CDR about
the participating and non-participating practices regarding the number of listed patients and listed children (1842 months). From the official national health information website in Denmark, we extracted information
about practice type.
Data analysis
Descriptive statistics were calculated along with exact
binomial 95% confidence intervals (CI) for proportions in
the two groups; register-based data and data from medical record review, respectively.
Trial registration: not relevant.
Results
Nineteen out of the 30 invited practices returned a completed registration form. Six practices declined the request, four practices failed to respond and one practice
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agreed to participate but did not return the registration
form.
The participating practices had a total of 75,383
listed patients; hereof 1,712 were children aged 18-42
months. The mean MMR1 coverage among the participating practices was 86% (95% CI: 84-87%) compared
with a mean MMR1 coverage of 82% (95% CI: 80-85%)
for the non-participating practices according to the re
gister-based data (Table 1).
The vaccination coverage was higher according to
the medical records than according to the register-based
data in 18 out of the 19 participating practices. In one
practice, no difference was found in the vaccination coverage between register-based data and the medical records. The mean MMR1 vaccination coverage was sig
nificantly higher according to the medical records (94%
(95% CI: 92-95%)) than according to register-based data
(86% (95% CI: 84-87%)) (Table 2).
Of the 246 children who were unvaccinated according to the register-based data, 135 (55%) had received
vaccination according to the medical records (Table 3).
The main reason for this discrepancy appeared to be administrative errors in the registration procedure involving the general practice and the region (n = 89, 36%). In
62 of these 89 cases, the GPs stated the correct unique
code for performing the MMR1 vaccination, but the invoices were rejected because of errors in the reimbursement request. In the remaining 27 cases, the GPs stated
an incorrect unique code or forgot to forward the invoice to the region. The rest of the 135 children with
negative vaccination status according to the registerbased data, but with positive status according to the
medical records, had been vaccinated elsewhere: at another general practice (9%), abroad (8%) or at a hospital
(2%). Among the children registered as unvaccinated according to the register-based data, a total of 111 children (45%) were either truly unvaccinated or their vaccination status was uncertain according to the medical
records (Table 3).
Discussion
Conducting a medical record review in 19 randomly selected general practices with a total of 1,712 listed children aged 18-42 months, we found a significantly higher
MMR1 vaccination coverage (94%) than estimated
through register-based data (86%). This finding is surprising, particularly when considering that the official
national vaccination figures are based on these registerbased data merged with similar data from the four other
regions. More than half of the children who were unvaccinated according to the register-based data (55%) had,
in fact, been vaccinated according to the medical records.
Our study also revealed that the identified discrep-

TablE 3
Vaccinated
At own practice: errors in the registration procedure

89 (36)

At another practice

23 (9)

Abroad

19 (8)

At a hospital

4 (2)

Sum

135 (55)

Unvaccinated

111 (45)

Total

246 (100)

ancies between register-based data and medical records
were due mainly to administrative errors in the registration system involving the general practice and the region. Most often, the GPs used the correct unique code
for MMR1 vaccination, but administrative errors occurred in the reimbursement process and thus affected
the register-based data.
Strengths and limitations
The invited practices were selected randomly, and 63%
of the invited practices participated. The study population comprised all children aged 18-42 months who
were listed at the participating practices (n = 1,712).
According to the register-based data, the participating
practices had a higher mean MMR1 vaccination coverage (86%) than the non-participating practices (82%).
Non-participating practices may have vaccinated fewer
children or may have had higher shares of errors in the
registration procedure, or both.
Our study presents two ways of estimating the national MMR1 vaccination coverage. Our findings indicate
that medical record review might provide more valid information about the actual vaccination status than the
register-based analysis. Still, we did not receive complete data for all children through the medical record review. For example, some medical records did not include
information about MMR1 vaccination status. Addition
ally, in cases where a child had been listed at another
practice, some records lacked information about the
services provided there. For these children, more complete information could have been achieved by contacting the parents. Still, in order to design a feasible study
for general practice, we asked the practices to register
such children as unvaccinated in case of any doubt. The
actual coverage might, therefore, be even higher than
estimated from the medical record review.
The medical record review in our study was conducted only among children who were unvaccinated according to register-based data. We acknowledge that
there is a potential risk of false-positive vaccination status of the children in the register-based data. However,
this risk is expected to be low [19].

Vaccination status of
children registered as
unvaccinated in the
register-based data.
The v alues are n (%).
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Interpretation of results
The use of register-based analysis combined with med
ical record review revealed an estimated national MMR1
vaccination coverage of 94%. This is considerably higher
than the official national estimates (88% for the 2013
birth cohort) and approximates herd immunity [3, 4].
The validity of the Danish vaccination coverage estimates has not previously been explored although the
SSI, which is in charge of surveillance of the Danish vaccination coverage, has emphasised the potential risk of
underestimation when using register-based data [20].
Until 15 November 2015, the Danish national
MMR1 coverage was estimated solely on the basis of
data in the Danish National Health Service Register. The
register-based data used in our study were combined
with equivalent information from the four other Danish
regions. The validity of these data has been questioned
elsewhere [13, 20]. In the future, the register-based data
will be supplemented by data from an immunisation information system called the Danish Vaccination Register,
and all doctors in Denmark are obliged to report any
given vaccination to this register [17]. Furthermore, parents also have the possibility of providing data about
their child’s vaccinations [16]. However, the implementation of the new vaccination register has not yet been
completed. The results from our study reveal a considerable underestimation in the regional data used in the
Danish National Health Service Register. Once the Dan
ish Vaccination Register is fully implemented, the official
national coverage estimate is expected to improve, but
misclassification due to both known and unknown factors may persist.
The use of ad hoc medical record reviews is a simple method to estimate misclassification. This approach
also allows for adjustment of the register-based coverage estimate. A valid estimate of the MMR vaccination
coverage is important; it may assist GPs in their communication with parents about vaccinations, but it may also
help national health authorities in their prioritisation of
the national public health campaigns.
The main reason why children were incorrectly recorded as unvaccinated in the register-based data was
errors in the registration procedure involving the general practice and the region; incorrect recording was due
primarily to rejection of incorrect invoices, although the
GPs often used the correct unique code for the vaccination. The administrative structure of the remuneration
and reimbursement system involving the GPs and the
regions in Denmark is particularly complex when preventive services, such as vaccinations, occur simultan
eously with other services. Therefore, an invoice for an
MMR1 vaccination is accepted by the region only if the
specific, unique code for MMR1 appears in a correct
combination with certain other services [18]. If this is
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not the case, the invoice is rejected, and the child is thus
registered as unvaccinated. Therefore, register-based
data about other preventive services, including other
vaccines, provided by GPs in Denmark are likely also
underreported.
Internationally, national vaccination coverage is
estimated by a broad variety of data sources [12]. In
Denmark, Canada and other Western countries, data
produced for administrative purposes are used [12-14].
A Canadian study explored the validity of infant immun
isation billing codes and found an underestimation of
the vaccination coverage, just as we did in our study
[14]. This underscores the importance of validating coverage estimates based on administrative data, e.g. by
supplementing with medical record reviews.
Conclusions
The MMR1 vaccination coverage in Denmark seems to
be considerably higher than reported. The main reason
for this discrepancy appears to be administrative errors
related to reimbursement involving the GPs and the regions. The use of medical record review to assess vaccination status provided a valuable tool for identification
of most of the supposedly unvaccinated children.
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