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SUMMARY

Denmark has in the past 10 years experienced a decrease in the number of notified cases of

meningococcal disease. In 1994 the completeness of the Notification System for Meningococcal

Disease (NSMD) was estimated as 96% (95% CI 93–98). To answer the question whether the

observed decrease reflects a real decrease in the incidence; we estimated the completeness of the

notification system in 2002. We estimated the completeness of registration by a capture–recapture

analysis. As the first data source, we used the national NSMD, which is an integrated surveillance

system between the Department of Epidemiology and the Neisseria Reference Laboratory. The

second independent source was the National Patient Registry (NPR). In 2002, the completeness

of the NSMD was estimated as 96% (95% CI 95–98) and for the NPR as 84% (95% CI 82–85).

The ‘real ’ incidence rate was 1.9/100 000 population, which compared to 4.4/100 000 population

in 1994. We concluded that the observed decrease in incidence rate is real. The NSMD in

Denmark functions well and captures almost all cases of meningococcal disease. The complete

registration which includes a unique personal identification number serves as an outstanding

source for nationwide registry linkage studies.

INTRODUCTION

The annual number of notified cases of meningo-

coccal disease (MD) in Denmark has gradually de-

creased in the last 10 years (Fig. 1). Several European

countries have registered less MD cases in recent years

[1]. In Iceland, Ireland, Belgium, The Netherlands

and the United Kingdom part of the explanation

can be attributed to successful implementation of

the conjugate vaccine targeted at serogroup C MD in

the respective childhood vaccination programmes [1].

Denmark has not introduced this vaccine in the

childhood vaccination programme, since the inci-

dence of MD due to serogroup C has remained low.

Denmark has experienced outbreaks with both

serogroups B and C. In 1986–1987 and 1987–1989

phenotype B:15:P1.7,16 was responsible for major

regional outbreaks and has been the predominant

phenotype in Denmark in the 1980s and 1990s [2, 3].

This phenotype was introduced in Denmark in 1976

and is the same phenotype which caused a prolonged

outbreak in Norway in the 1970s and 1980s [4]. The

second most common phenotype in the 1980s and

1990s in Denmark was C:2a:P1.2,5, which caused

major outbreaks in 1983–1984, 1986 and 1989 [3, 5].

The completeness of the surveillance system for

MD in Denmark is believed to be very high. A close

collaboration and exchange of information between

the Neisseria Reference Laboratory and the De-

partment of Epidemiology ensures a high coverage

of disease notifications for laboratory-confirmed

cases. In 1994 an evaluation of the Notification

* Author for correspondence : Dr M. F. Howitz, Department of
Epidemiology, Statens Serum Institut, Artillerivej 5, DK-2300
Copenhagen S, Denmark.
(Email : how@ssi.dk)

Epidemiol. Infect. (2008), 136, 1088–1095. f 2007 Cambridge University Press

doi:10.1017/S0950268807009466 Printed in the United Kingdom



System for Meningococcal Disease (NSMD) revealed

the completeness as 96% [95% confidence interval

(CI) 93–98], using the National Patient Registry

(NPR) as a second ‘independent’ source in a cap-

ture–recapture analysis [6].

In the present study our objective was to validate

the NSMD in Denmark for 2002, applying the same

method and registries used in 1994. With two point

estimates of the completeness of notifications, we can

assess whether the observed decrease in incidence of

MD in the recent decade is real or falsely driven by a

decreasing sensitivity of the notification system.

Furthermore, we discuss actions taken to prevent MD

in Denmark in the previous decade.

MATERIAL AND METHODS

To estimate the ascertainment of MD several methods

have been used, e.g. a simple comparison of data

sources, capture–recapture methods, retrospective re-

view, prospective follow-up and regression methods

[7]. These methods can give an estimate of the com-

pleteness of reporting. However, to extend the infor-

mation obtained it is important to be aware of the

case definition used and how consistent the reporting

to the source(s) is over time. In the present study we

used NSMD, which is part of the national surveil-

lance system for communicable diseases, and NPR as

independent sources to estimate the completeness

of each registry. In addition, we calculated the ‘real ’

incidence of MD for 2002 using the capture–recapture

method.

Case definition

In the study we adopted the European Centre

for Disease Prevention and Controls (ECDC) case

definition for 2006, which correspond to the case

definition in the Danish NSMD:

. a clinically compatible case diagnosed by isolation

or detection of the Neisseria meningitidis bacteria,

nucleic acid, antigen and/or antibody specific to

N. meningitidis, or

. a clinically compatible case with demonstration of

Gram-negative diplococci from a normal sterile site

by microscopy, or

. a clinically compatible case without laboratory

confirmation.

To qualify as a case patients must have fallen ill in

Denmark or been transferred to Denmark while ill

and admitted to hospital.
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Fig. 1. The incidence of meningococcal disease (MD) and the serogroup-specific incidence from the notification system for
meningococcal disease (NSMD), 1980–2006, and the incidence of registered cases in the National Patient Registry (NPR)

with ICD-10 code A39, 1995–2002 (–$–). (The MD incidence rate from the NPR is based on notified cases and has not been
scrutinized to verify the diagnoses, as was done for years 1994 and 2002.)
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Notification System for Meningococcal Disease

(NSMD)

Since 1 January 1980 it has been mandatory to report

by phone all verified and clinically suspected cases

of MD to the Regional Medical Officer of Health

and afterwards by a standardized notification form

both to the Regional Medical Officer of Health and

the Department of Epidemiology at Statens Serum

Institut. In 1992 NSMD was enhanced, by referring

information on positive N. meningitidis samples from

the Neisseria Reference Laboratory, also at Statens

Serum Institut, to the Department of Epidemiology.

If not already notified, a reminder is mailed to the

treating doctor/department. All notifications received

are carefully judged by an epidemiologist and further

information is requested if it is not clear whether

the case fulfils the case definition. For a notification

to be excluded agreement is required from two epi-

demiologists.

The National Patient Registry (NPR)

Since 1 January 1977 all hospital admittances, and

since 1 January 1995 all outpatient visits has been

recorded in the NPR. The ICD-10 system was

implemented in Denmark in 1994 and is still in use.

For every hospital discharge the treating physician

signs a discharge letter with one or several ICD-10

codes specifying the diagnosis. We requested infor-

mation on all cases with ICD-10 diagnosis of A39

for the years 2001–2003. Included in ICD-10 code

A39 are: A39.0, meningococcal meningitis ; A39.1,

Waterhouse–Friederichsen syndrome; A39.2, acute

meningococcaemia; A39.3, chronic meningococcae-

mia; A39.4, meningococcaemia unspecified; A39.5,

meningococcal heart disease ; A39.8 other meningo-

coccal infections and A39.9, meningococcal infection,

unspecified.

Hospital records and laboratory results on cases

with an ICD-10 code A39, which did not match a case

in NSMD were requested and a decision was made by

two epidemiologists whether the case fulfilled the case

definition or not. In the case of disagreement, a third

person was asked.

Capture–recapture analysis

The method was originally invented by biologists to

estimate the size of a closed animal population; by

capturing and tagging animals and later recapturing

animals and counting how many had been captured

before [8]. The same principle has been used in

epidemiology to estimate the quantity of specific

conditions based on two or more data sources [9].

The assumptions we make are considered in the

Discussion.

RESULTS

In 2002, 100 cases were notified to NSMD and

111 persons were registered with a discharge ICD-10

code A39 in NPR (Fig. 2). A total of 81 cases matched

on identification numbers between the two registries

in 2002; in addition three were registered with onset

of MD in 2002 in NSMD, but admitted to hospital

in January 2003 and therefore registered in NPR

2003 records. These three cases matched between the

registries and were included, leaving a total of 84

matched cases in the two registries. The Department

of Epidemiology had to send a reminder for a written

notification to the clinical departments for 37% of

cases with a positive N. meningitidis laboratory result

in 2002.

Of the remaining 30 cases in NPR in 2002 six were

registered with a discharge MD diagnosis and notified

to NSMD but did not fulfil the case definition. Five

cases had onset of disease in 2001 and were excluded

from the analysis. For the last 19 cases, we received a

discharge letter. Three of these cases fulfilled the case

definition, 16 did not (Fig. 2). Based onMD discharge

diagnoses, the over-reporting in 2002 to NPR was

26% [(6+16)/(81+3)].

Initially 116 cases were notified to NSMD with

onset of disease in 2002. Of these, 16 did not fulfil

the case definition and were excluded from NSMD.

This gives an over-notification in 2002 of 16%

(16/100).

100 notified and
verified MD cases 

6 notified to NSMD,
but not MD cases 

16 were not MD cases 

16 MD cases
not in NPR 

3 in NPR 2003 (January)

81 in both NSMD and NPR
5 in NSMD 2001,
NPR outpatient
visits in 2002  

111 registered
MD cases 

NSMD, 2002

3 clinically
diagnosed MD cases 

NPR, 2002

Fig. 2. Flow diagram of notified cases to the Notification

System for Meningococcal Disease (NSMD) and the
National Patient Registry (NPR), 2002. MD, Meningo-
coccal disease.
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Table 1 shows the number of MD cases in each

registry. The estimated ‘true’ total number is 104 MD

cases (95% CI upper limit 106) for 2002. The com-

pleteness of NSMD was estimated as 96% (95% CI

95–98) and of NPR as 84% (95% CI 82–85). The

‘real ’ overall incidence of MD in Denmark in 2002

was estimated to 1.9/100 000 inhabitants compared

with 1.8/100 000 as stated in the epidemiological re-

port for 2002 [10].

In the 16 cases notified to NSMD, but not regis-

tered in NPR, we retrieved the ICD-10 action diag-

nosis registered on the discharge letters. It is

noteworthy that three patients had ICD-10 code A39

stated on the discharge letter, A39.2A (two cases) and

A390.0, but were not captured in NPR. The code

M01.0 meningococcal arthritis was unfortunately not

retrieved when data where extracted from NPR (one

case). The remaining 12 ICD-10 diagnoses were:

G00.9 bacterial meningitis, unspecified (four cases),

A41.9 septicaemia, unspecified, R57.8A endotoxic

shock, J18.9 pneumonia, unspecified, J80.9 adult res-

piratory distress syndrome, J44.9 chronic obstructive

pulmonary disease, unspecified, D69.0 allergic pur-

pura, D69.0B Henoch–Schönlein purpura and R96.0

instantaneous death.

Stratified analysis

Table 2 presents a stratified analysis by age, region,

vital status and confirmation method. The complete-

ness was generally high for NSMD in all subgroups,

except three clinical cases which were not captured in

NSMD. For NPR the capture rate is low for Funen

county and fatal MD cases. All fatal cases were ad-

mitted to hospital. NSMD is superior to NPR in all

subgroups, except for clinical cases, for which an un-

der-notification was observed.

Age- and serogroup distribution

The overall incidence rate peaked in 1987. In the

period 1994–2002 both NSMD and NPR observed a

decrease in the incidence of MD (Fig. 1). Serogroup B

has been the predominant serogroup throughout

the period, followed by serogroup C. In absolute

incidence rate serogroup B cases declined from

1999, while serogroup C cases have remained stable

since 1998 (Fig. 1). In relative numbers the proportion

of serogroup B cases peaked in 1999 with 69%, but

has since decreased to 46% in 2006, while serogroup

C cases have increased from 11% to 27% in that

period.

The youngest age group (<1 year) and teenagers

(15–19 years) experienced an increase or steady inci-

dence rate for serogroup B from 1994 to 1999, fol-

lowed by a decrease, while the other age groups

experienced a fall or remained at a low incidence rate

throughout the period 1994–2006 (Fig. 3).

For serogroup C it appears that teenagers (age

15–19 years) remain at an age-specific incidence rate

around 2 cases/100 000 population, while a decrease

in the period under study have been observed in other

age groups (Fig. 4).

DISCUSSION

The current surveillance system for MD, NSMD, had

a high completeness of notifications in 2002, 96%

(95% CI 95–98). The high coverage is comparable

to the completeness in 1994, which confirms the as-

sumption that the decrease in incidence of MD in

Denmark is real. In both 1994 and 2002 NSMD had a

higher completeness of notifications than NPR, re-

flecting that NSMD is an active surveillance system

and NPR is a passive registry.

Table 1. Number of cases fulfilling the case definition for meningococcal

disease according to source of registration, 2002

Notification System for Meningococcal Disease

Registered Not registered Total

National Patient Registry
Registered 84 3 87

Not registered 16 1* 17
Total 100 4 104 (95% CI

upper limit 106)#

* Calculated : x=n – 84–3 – 16.

# Calculated : n=(100r87)/84 ; 95% CI=n¡1.96r(100r87r16r3/843)
1
2.
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Trotter et al. have reviewed published and unpub-

lished reports on ascertainment of MD in European

countries since 1969 and found a completeness of

notifications within the respective national surveil-

lance systems from 40% to 96%. Sweden and Austria

likewise had a completeness of MD notifications ex-

ceeding 80% [7].

In the stratified analysis we found a lower sensi-

tivity in NPR for MD cases in the Funen region, the

numbers are small and we are unaware of any differ-

ential misclassification which could explain the lower

sensitivity. Similarly, NPR has a low sensitivity for

fatal cases, which is explained by the fact that N. men-

ingitidis is not always isolated at the time of com-

pleting the discharge letter.

The three cases not captured at NPR had the dis-

charge diagnoses: J44.9 chronic obstructive pulmon-

ary disease, unspecified; R57.8A endotoxic shock and

G00.9 bacterial meningitis, unspecified.

Capture–recapture assumptions

The use of the capture–recapture method is based on

four assumptions: (1) a closed population, (2) only

cases fulfilling the case definition are counted and they

are uniquely identifiable between sources, (3) each

case has the same chance of being captured in each

source, and (4) the two sources are independent of

each other.

We will consider each of these assumptions below.

The risk of somebody becoming infected in

Denmark and falling ill with MD outside the country

is remote, since MD is a relatively uncommon disease

with a short incubation period, and most MD cases

arise 3–5 days after infection [11–13]. The population

was not closed in a strict sense, but we consider the

risk of including or missing cases infected in the

country to balance throughout a year. Hence, three

tourists were hospitalized with MD and included in

the analysis, but we do not consider this a problem.

Maintaining a standardized case definition for the

two registries, as ECDCs, limits the risk of differential

misclassification, and makes the incidence rate ob-

tained comparable to other countries with the same

case definition. Cases are uniquely matched by the

personal identification number assigned to all Danes

or persons registered with an address in Denmark

since 1968 [14].

Both registers are well implemented in the

Danish health system. The severity of MD leads to

Table 2. Stratified analysis for meningococcal disease cases by age, region, vital status and confirmation method in

the Notification System for Meningococcal Disease (NSMD) and the National Patient Registry (NPR), 2002

Cases only
in NSMD (n)

Cases only
in NPR (n)

Matched
cases (n)

Cases
in total (n)

Sensitivity

NSMD (%)*
(95% CI)#

Sensitivity

NPR (%)
(95% CI)

All cases 16 3 84 103 96 (95–98) 84 (82–85)
<5 years 6 0 26 32 y100$ 81 (80–82)

5–19 years 4 2 36 42 95 (93–97) 90 (88–92)
>19 years 6 1 22 29 97 (92–100) 79 (76–82)
Zealand· 5 2 33 40 95 (92–97) 88 (84–90)

Funen county 5 0 6 11 y100 55 (47–65)
Jutlandk 6 1 45 52 98 (96–99) 88 (87–90)
Deaths 3 0 4 7 y100 57 (46–76)

Non-deaths 13 3 80 96 97 (96–98) 86 (85–87)
Laboratory confirmed 16 0 82 98 y100 84 (83–84)
Clinical case 0 3 2 5 40 (26–90) y100

NSMD, Notification System for Meningococcal Disease ; NPR, National Patient Registry.
* (Cases only in NSMD+Matched cases)/(Cases only in NSMD+Cases only in NPR+Matched cases). (Note : In all cases ;

104 cases were used as the denominator.)
# 95% CI=Sensitivity¡1.96 Var(sensitivity) ; Var(sensitivity)=(Cases only in NSMD+Matched cases)r(Cases only in
NPR+Matched cases)r(Cases only in NSMD)r(Cases only in NPR)/(Matched cases)3.

$ y100=All, except the single case estimated in the capture–recapture analysis caught by none of the data sources, were
captured.
· Zealand: Copenhagen and Frederiksberg Municipality and Copenhagen, Frederiksborg, Roskilde, West Zealand,

Storstrøm and Bornholm counties.
k Jutland: South Jutland, Ribe, Vejle, Ringkøbing, Aarhus, Viborg and North Jutland counties.
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Fig. 3. Notification System for Meningococcal Disease : age-specific incidence rate of serogroup B meningococcal disease in

Denmark, 1994–2006.
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hospitalization, and all patients in the analysis were

hospitalized and assigned an ICD-10 code.

The two registries used in the analysis are main-

tained at two different institutions. A notification to

NSMD does not trigger a registration in NPR, or vice

versa. However, it is more likely that a laboratory-

confirmed case of MD is registered in NSMD, due

to the share of information at Statens Serum Institut,

than a purely clinical case, which is more likely to

be registered only in NPR (Table 2). Regal & Hook

state the following: ‘Any two sources are independent

if the overall, i.e. average, probability of members

of a population who appear in their intersection or

‘‘overlap’’ is equal to the product of the average

probabilities of appearing in A, and in B ’ [9, 15].

Following this statement, the sources used in the

analysis are independent sources (100/104r87/104=
0.804; 84/104=0.808) (Table 1).

In a recent comparison of aetiologies of bacterial

meningitis in Denmark obtained from the regional

clinical microbiological departments and the notifi-

cation system for bacterial meningitis at The De-

partment of Epidemiology, Statens Serum Institut,

the capture rate of meningococcal meningitis cases at

the Department of Epidemiology were estimated as

97% for 2002 and 100% for 2003 [15].

Thoughts on the decrease in the MD incidence rate

Our results illustrate that the incidence rate of MD

has decreased from 4.4/100 000 population in 1994

to 1.9/100 000 population in 2002 and continued to

decreas in recent years (Fig. 1).

Denmark has not implemented any meningococcal

vaccines in routine vaccination programmes. The

number of meningococcal vaccines sold in Denmark

has remained constant in the last decade, covering less

than 1% of the population per year with the poly-

saccharide vaccine.

Chemoprophylaxis has been recommended for

household contacts of a MD case in Denmark since

1978 [16]. Overall, the recommendation has been fol-

lowed, and in the period 1980–1996, only 2% of no-

tified cases have been registered as secondary cases [6].

In 1992, the recommendation for chemoprophylaxis

for household contacts was changed from rifampicin

to ciprofloxacin as first choice drug, since cipro-

floxacin has a higher elimination rate of N. menin-

gitidis among carriers. Furthermore, from 1992 the

same persons who were receiving chemoprophylaxis

were recommended vaccination, if the index case was

infected by a vaccine-preventable serogroup. Before

1992, vaccination was only recommended in relation

to clusters of at least two cases, if a vaccine-prevent-

able serogroup. Apart from this shift, we have no in-

dication on larger changes in the prophylaxis

measures for secondary cases during the period

1994–2006.

The presence of MD strains fluctuates over time,

but the phenotype B:15:P1.7,16 which was in-

troduced in 1976 in Denmark, still represented 56%

(72/128) of all serogroup B strains in 1999. Among

serogroup C cases serotype 2a predominated at least

from 1987, but a shift to more serotype 2b and sero-

type 15 in 1998 has been observed [4, 17].

We conclude that the decrease in the MD incidence

rate in Denmark is real. Since we find no obvious ex-

planation for the decrease, we find that the decrease is

likely to be explained by natural fluctuation of MD.

As a hypothesis, it might be interesting to explore

whether factors such as an increase in antimicrobial

drug usage in general, or the general decrease in

tobacco use are prompting temporal changes in MD

incidence.
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