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Abstract Invasive meningococcal disease (IMD) is an
important cause of morbidity and mortality in children
and adults. This study was conducted to determine a
possible increase in IMD in recent years with special
interest focused on serogroup C disease. From January
1st 1993 to December 31st 2002, IMD was studied in one
million residents of Austria. We used active, population-
based surveillance data from the Office of Public Health.
A total of 126 patients with positive blood and/or
cerebrospinal fluid culture or positive swabs for Neisseria
meningitidis were studied. The median age of all patients
was 9.5 years (range 1 month to 63 years). The average
incidence of all IMD subgroups was 1.05 cases per

100,000 person years and was highest in children 0–4
years old (7.08 cases per 100,000 person years) followed
by young adults aged 15 to 19 years (4.35 cases per
100,000 person years). Serogroup C IMD occurred in
1.30 cases/100,000 person years in patients aged 0 to 4
years and in 1.92 cases/100,000 person years in patients
aged 15 to 19 years. Overall mortality was 11.1%. There
was a significant increase (P=0.001) in IMD due to se-
rogroup B disease within the last 10 years. In contrast,
serogroup C disease did not increase during the last
decade. Conclusion: Currently, we do not recommend
mass vaccination against serogroup C disease in Austria,
but young adults aged 15 to 19 years display a high
incidence of meningococcal C disease. In this age group,
vaccination against serogroup C disease should be
considered.
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Introduction

Neisseria meningitidis (N. men) is an important cause of
morbidity and mortality in the industrialised world. In
some European countries such as Great Britain, Belgium
and Spain, mass vaccination campaigns have reduced
the morbidity and mortality asssociated with invasive
meningococcal disease (IMD) [4, 6,9].

In 2002, 86 laboratory-confirmed cases of IMD were
reported in Austria [8], which is equivalent to an inci-
dence of 1.07 cases/100,000 person years. Seven deaths
were registered giving a case fatality rate of 8.1%.

In the spring of 2002, three children and one adult
contracted invasive meningococcal C disease within 3
months, giving an attack rate of 82/100,000 persons in
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this defined area. Of the three children, two were play-
mates. According to the guidelines of the Centers for
Disease Control from 2000, an outbreak is defined by
the occurrence of three or more confirmed or probable
cases of serogroup C meningococcal disease during a
period of less than 3 months, with a presumed primary
attack rate of at least ten cases per 100,000 persons [1].
For calculation of this threshold, population-based and
not age-specific attack rates are used. Our primary at-
tack rate was 82/100,000 persons. Therefore, we initiated
the first local vaccination campaign against serogroup C
disease in Austria.

This campaign was the beginning of further investi-
gations of IMD in the states of Tyrol and Vorarlberg.
This study was conducted to determine a possible in-
crease in IMD in recent years with special interest fo-
cused on serogroup C disease. The aim of this study was
to determine whether a mass vaccination campaign
against C disease would be useful to prevent further
disease outbreaks in Austria.

Subjects and methods

This report presents the results of population-based
surveillance for culture-proven cases of IMD in the
states of Vorarlberg and Tyrol from January 1st 1993 to
December 31st 2002. In Austria, the reporting of IMD
to the Austrian Federal Office of Public Health by

laboratories and physicians is mandatory. Thus, sur-
veillance data were collected in collaboration with the
local federal offices of Public Health and confirmed by
the National Reference Centre for IMD in Austria. The
demographic data and clinical characteristics of patients
were examined for all cases of culture-proven IMD
caused by serogroups B, C and W 135.

We performed a retrospective study of children and
adults with confirmed diagnosis of meningococcal sepsis,
septic shock and/or meningitis. This was a multicentre
cohort study and children and adults admitted to com-
munity and tertiary hospitals in the states of Tyrol and
Vorarlberg in Austria were analysed. The study was
approved by the local ethics committee and signed in-
formed patient consent forms were obtained.

Demographic, clinical and laboratory data obtained
at admission were retrieved from medical records. A
patient was considered positive for IMD on isolation of
N. men from blood, cerebrospinal fluid, throat or men-
ingeal swab together with clinical signs and symptoms.

For population counts, the census data of 1991 and
2001 were obtained from the Austrian Statistics Office
(Statistic Austria http://www.statistik.at). These data
provide the distribution of the population in 5-year age
steps (0–4, 5–9, 10–14, 15–19, >19 years of age).

Over a period of 10 years, 126 children and adults
were studied. Patients with clinical signs and symptoms
of acute meningococcal infection (sepsis and purpura of
abrupt onset in a previously healthy patient) but

Fig. 1 Absolute number of
cases of IMD from 1993–2002.
P =0.001 (chi-squared test) for
increasing numbers
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negative cultures were excluded from this study. Patients
with gram-negative diplococci on Gram staining but
without verification of N. men were also excluded.

Statistics

Incidence (number of cases per 100,000 person years)
was calculated using an estimate of the Austrian popu-
lation according to the census data for 1991 and 2001.
The number needed to treat (NNT) was calculated
according the following formula: NNT=1/(pc-pe)
where pc denotes the event rate in the control group, i.e.
the incidence rate/1 person year and pe the event rate in
the experimental group, i.e. pc multiplied by the vaccine
efficacy rate. Chi squared tests for two-tailed hypothesis
with a significance level of 0.05 were used to compare
disease rates (SPSS 12); 95% confidence intervals for
incidence were calculated assuming a Poisson distribu-
tion (STATA 7) and 95% confidence intervals for sea-
sonal variation were calculated assuming a multinomial
distribution (StatXact-4.0.1). Regional patterns were
assessed using RegioGraph 6.0.

Results

During the 10-year study period, a total of 157 patients
were enrolled. Of 157 patients, 24 (15%) were excluded

due to negative culture results despite clinical criteria of
IMD. Seven patients had positive Gram stains for gram-
negative diplococci, but N. men could not be cultured.
The remaining 126 children and adults had positive
blood and /or cerebrospinal fluid cultures or positive
swabs for N. men and were therefore included. One
patient died before hospital admission, but his menin-
geal swab was positive for N. men, therefore he was in-
cluded. Two other included patients had typical clinical
signs of IMD and a positive pharyngeal swab for N.
men, the remaining 123 patients had either positive
blood and/or positive cerebrospinal fluid cultures.

The median age of these 126 patients was 9.5 years,
ranging from 1 month to 63 years. The annual number
of cases increased during the surveillance period: three
cases in 1993, five cases in 1994, seven cases in 1995, 12
cases in 1996, 20 cases in 1997, 11 cases in 1998, 13 cases
in 1999, 14 cases in 2000, 23 cases in 2001 and 18 cases in
2002 (Fig. 1). Over the period of 10 years, this increase
in total IMD was significant due to an increase in the
number of serogroup B disease patients (1993–2002, P
=0.001). For IMD serogroup C we found a fluctuating
incidence without a significant change over time (Fig. 1).

Cases occurred more frequently in the months from
January to March (49.2%; 95% CI 44.0–54.5)] as com-
pared with the rest of the year (Fig. 2). Serogroup B
disease was found in 61.9% of cases, C strains were
isolated from 28.6% of patients; W 135 was the smallest
group (2.4%) and in 7.1% of patients, the serogroup was

Fig. 2 Cases occurred more
frequently in the months from
January to March (49.2%; 95%
CI 44%–55.5%)
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not identified. The most commonly reported antigen
formula was B:15:P1.7, 16 over the years, but recently
different antigen formulas were increasing. In 2002, 22
different antigen formulas were found by serogroup B
infections. Of the several different serogroup C antigen
formulas, C:2a:P1.2, C:2a:P1.5 and C:2b:P1.2 were
predominant. Of 126 patients, 33% had the clinical
picture of sepsis, 48% had meningitis and 19% both
meningitis and sepsis.

Over the 10-year period, the average annual incidence
of IMD was 1.05 cases per 100,000 person years (95% CI
0.88–1.25) of proven (cultured) meningococci. Incidence
was strongly associated with age (Fig. 3): disease risk was
highest in children 0–4 years (incidence rate 7.08; 95%CI
5.24–9.37)] and declined between 5 and 9 years to an
incidence rate of 1.77 cases per 100,000 person years with
a second peak for children and young adults 15–19 years
old (incidence rate 4.35; 95% CI 3.02–6.08). The same
two-tailed course was seen for both serogroup B and C
disease; however, the percentage of C disease was sig-

nificantly higher in patients 15 to 19 years of age than in
the 0 to 4 years old patients (44.8% versus 19.6%, P
<0.05). The incidence of serogroup B IMD in patients 0
to 4 years old was significantly higher than that of ser-
ogroup C IMD (5.06/100,000 person years versus 1.30/
100,000 person years), whereas in patients 15 to 19 years
of age, the incidence of serogroups B and C IMD (2.17/
100,000 person years versus 1.92/100,000 person years)
was nearly equal (Fig. 3).

During the study period, overall mortality was
11.1%. No difference in mortality was seen for the
various serogroups (serogroup B IMD 8/70, 11% ver-
sus serogroup C IMD 4/32, 12%; P =0.7). Median
hospital stay was 11 days (range 2 to 75 days) for
surviving patients and 1 day (range 0 to four days) for
non-survivors.

When we looked at geographical data we found a
significantly higher incidence of serogroup C disease in
some counties of Western Austria (Fig. 4). In 2002 there
was a community outbreak of serogroup C disease in

Fig. 3 Average incidence
(1993–2002) in 100,000 person
years for IMD B and C and for
different age groups

Fig. 4 Incidence of serogroup
C IMD for different provinces
in Western Austria. Medium
grey means average incidence,
light grey below average, dark
grey above average. Black are
the counties where the
vaccination campaign was
started
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some counties of Western Austria (Gaschurn, St. Gal-
lenkirchen), giving an attack rate of 82/100,000 persons
within 3 months. Austria’s first local vaccination cam-
paign against serogroup C disease was then started. A
total of 500 children and young adults received conju-
gated meningococcal C vaccine; this was about 50% of
the target population in these two counties. Adverse
reactions were not reported.

According to the data available from the United
Kingdom [3], the vaccine efficacy against IMD is 89%
after three doses (children <12 months of age) and 87%
after one dose given to children aged >1 year. Protec-
tion duration is estimated at 10 years. In the case of a
general immunisation strategy in our population of
children and young adults 0 to 19 years, a given in-
cidence of 1.06/100,000 person years and an estimated
vaccine efficacy of 87%, 108,436 (NNT) persons would
have to be vaccinated to prevent one case of meningo-
coccal C infection. If we recommended immunisation
against C disease only for children and young adults 15
to 19 years old at a given incidence of 1.92/100,000
person years (Fig. 3), 59,836 persons would have to be
vaccinated to prevent one case of invasive meningococ-
cal C disease in this age group. Currently the price of
one dose of conjugate Men C vaccine is 56.85 € in
Austria. The costs for IMD treatment are estimated at
25,000 € (including transportation, diagnosis, treatment
of acute case, in-hospital treatment of complications,
outpatient follow-up and treatment of contacts plus
costs associated with hearing devices, protheses and
specialised educational and professional support). Thus,
more than 3.3 billion € would have to be spent to pre-
vent one case of invasive meningococcal disease in pa-
tients 15 to 19 years old.

Discussion

Our results demonstrate a significant increase in the
annual incidence of IMD in the states of Tyrol and
Vorarlberg over a 10-year period. But, as suspected, this
is not due to meningococcal C disease. On the contrary,
we observed a significant increase in meningococcal B
disease. The incidence of meningococcal C disease fluc-
tuates. In 1997, Austria had its highest incidence of C
disease (1.29/100,000 person years), followed by an
average incidence of 0.3/100,000 person years from 1998
to 2002. Thus, the current data do not support the need
for a mass vaccination campaign against meningococcal
C disease in Austria. Nevertheless, we wish to focus on
young adults aged 15 to 19 years. In that age group, the
incidence of meningococcal C disease is the same as for
meningococcal B disease. A single vaccination strategy
may prevent further disease outbreak due to meningo-
coccal C disease in that age group.

Some counties displayed a significantly greater inci-
dence of C disease over the years and therefore a com-
munity-based vaccination campaign may be useful in
reducing morbidity and mortality. After starting the first

local vaccination campaign in Austria in the spring of
2002, we did not observe any further morbidity or
mortalities due to serogroup C disease in the counties of
Gaschurn and St. Gallenkirchen.

Following the successful introduction of immunisa-
tion against Haemophilus influenzae type b, IMD be-
came one of the leading causes of bacterial meningitis
and sepsis in children. It is thus an important target for
new vaccines. Conjugated vaccines, which are effective
even in infants, are available; however, they protect only
against serogroup C, whereas vaccines against the B
disease, which is still the leading cause of IMD in Eur-
ope, are still not available.

In Switzerland, a cost-benefit analysis was performed
for various vaccination strategies against meningococcal
and pneumococcal disease (Men C or Men C/PCV-9)
[13]. The proportion of cases preventable with the two
currently available vaccines (MenC and PCV-7) was low
among children <2 years. The analysis found that a
strategy using three doses of MenC/PCV-9 would
achieve the greatest health benefit. However, a combined
vaccine against serogroup C meningococci and nine
serotypes of pneumococci (Men C/PCV-9) is not yet
available. Nevertheless, the analysis found that fluctua-
tions in the incidence of IMD had the highest impact on
the cost-benefit ratio. In 2002, a decrease of 30% in
serogroup C IMD was observed in Switzerland, meaning
the costs of the vaccination programme would have
exceeded the actual treatment costs incurred.

Various vaccination strategies have been implemented
in different countries according to their epidemiological
situation. In Europe, countries facing an increase in the
incidence of IMD due to serogroup C meningococci re-
acted with a general immunisation of their population.
The Dutch National Immunisation Programme provided
for the administration of one dose of Men C at 14
months, supplemented with a catch-up vaccination for
all children under 18 years [7]. The United Kingdom
started immunisation with three doses at the age of 2
months and included catch-up immunisation for all
children and young adults under 25 years of age [3,5]. In
Spain, vaccination against C disease was first introduced
for all children between 2 months and 5 years of age
[4,14]. In Canada, the National Advisory Committee on
Immunisation recommends vaccination against menin-
gococcal disease [10,12]. By contrast, vaccination against
Men C is not recommended in the United States [1,11].
Invasive pneumococcal infections are more frequent in
the United States than in Europe, so immunisation
against invasive pneumococcal disease has been part of
the immunisation programme since 2000 [2].

In Austria the epidemiological situation is different
from that in other European countries. We have not
observed an increase in the incidence of IMD due to
serogroup C meningococci. Fluctuations in the incidence
of IMD have the highest impact on the cost-benefit
analysis. Thus, it is important to study disease incidence
for a longer period before recommending new vaccine
strategies.
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There are several limitations to this study. Although
the surveillance system for IMD is well established in
Austria and data are confirmed by the National Refer-
ence Centre for IMD in Austria, some cases may not
have been detected by the laboratory- and physician-
based surveillance. Therefore, we might have underesti-
mated the incidence of IMD and of serogroup C disease
in Austria. Prior to 1995, the reporting of only menin-
gococcal meningitis was mandatory, meaning the smal-
ler number of cases in 1993 and 1994 could be due to
lacking cases of meningococcal sepsis and septic shock
at that time. We also had to exclude 15% of patients due
to negative culture results, although they displayed
typical clinical signs and symptoms of IMD. We could
not calculate incidence rates for children younger than 1
year of age as no exact population counts are available
at the district level for this age group.

In summary, we do not recommend a mass vaccina-
tion campaign against meningococcal C disease in
Austria; however, once the new vaccine against MenC/
PCV-9 is available, new vaccine strategies should be
considered. We aim to focus on young adults, aged 15 to
19 years, who have the highest risk for meningococcal C
disease. Vaccination against meningococcal C disease
should be considered for this age group. Although the
IMD case fatality rate for this study sample was low
(11.1%), the aim still remains to further reduce mortality
and morbidity in children and adults.
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