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vaccination program. Meningococcal B notifica-
tions have also decreased over the study period,
however serogroup B remains the predominant
serogroup for invasive meningococcal disease in
NSW. Conclusion: Notification rates of invasive
meningococcal disease have decreased in NSW
since 2000. Rates of serogroup C disease have
decreased since the introduction of the meningo-

Abstract: Aim: To review the epidemiology of
invasive meningococcal disease in NSW for the
period 1991-2011, in particular since the intro-
duction of the meningococcal C vaccination
program in 2003. Methods: We undertook a
descriptive analysis of NSW notifications of
invasive meningococcal disease for the period
2003-2011, and explored long-term changes in
the epidemiology of invasive meningococcal dis-
ease over the period 1991-2011. Results: In the
period 2003-2011, there were 1009 notifications
of invasive meningococcal disease in NSW, an
average annual rate of 1.6 per 100 000 population.
Notification rates were highest in the 0—4 and
15-19-year age groups (8.5 and 3.6 per 100 000
population respectively). In the period 1991-2011,
invasive meningococcal disease notifications
increased between 1991 and 2000, peaking at 3.8
notifications per 100000 population in 2000.
Notifications have decreased since that time to
1.0 per 100 000 population in 2011, most markedly
for serogroup C disease since the introduction of
the meningococcal C vaccination program in
2003. Meningococcal C notifications reduced
from 54 in 2002 (0.8 per 100 000 population) to
two in 2011 (0.03 per 100 000 population). Menin-
gococcal C deaths have also decreased, from nine
in 2002 to zero in 2011. The greatest reduction in
meningococcal C notifications has been in those
aged 1-19 years, the target group for the
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coccal C vaccination program in 2003. Most of the
burden of invasive meningococcal disease in NSW
is now due to serogroup B disease.

Invasive meningococcal disease (IMD) is caused by the
bacteria Neisseria meningitidis. There are several ser-
ogroups of N. meningitidis. Serogroup B disease is the
most common in Australia; other less common serogroups
are A, C, W135 and Y. Disease due to serogroups A, C,
WI135 and Y is vaccine-preventable. There is no licensed
vaccine for serogroup B disease.

The meningococcal C conjugate vaccine protects against
serogroup C disease. In 2003, the Australian Government
commenced a national meningococcal C vaccination pro-
gram with the aim of vaccinating all people aged 1-19
years. Since 2003, the meningococcal C conjugate vaccine
has been included in free routine vaccination for all
children at 12 months of age. Until June 2006, this was
supplemented by a vaccination ‘catch-up’ program
through general practice and school-based vaccination
programs for those born between 1984 and 2001

Uptake of the meningococcal C conjugate vaccine through
routine infant vaccination is high. Coverage for 24-month
olds has remained at over 90% since first calculated for
NSW in 2006.% Data on the uptake of the general practitioner-
based catch-up program is not available. A NSW Health
evaluation of the school-based catch-up program in 2003—
2004 indicated that 76% of high school students and 76% of
primary school students were vaccinated (unpublished data).

In addition to the serogroup C conjugate vaccine, quadri-

valent meningococcal conjugate and polysaccharide vac-
cines against serogroups A, C, W135 and Y are available
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but are not recommended for routine use. A single dose ofa
quadrivalent meningococcal conjugate vaccine is recom-
mended for people in certain situations, such as travellers
who intend visiting areas where epidemics of serogroup A,
W135 or Y disease are frequent (e.g. sub-Saharan Africa),
for pilgrims to the Hajj in Saudi Arabia, and for laboratory
workers who frequently handle N. meningitidis. The vac-
cines are also recommended for close contacts of cases
with disease caused by serogroup A, W135 or Y and for
people with high-risk medical conditions.® Quadrivalent
meningococcal conjugate vaccines are preferred to poly-
saccharide meningococcal vaccines due to their greater
duration of induced immunity.*

The epidemiology of IMD notifications in NSW for the
period 1991-2002 has been reported previously.”® To
explore changes in IMD epidemiology, particularly in
relation to the introduction of the serogroup C vaccination
program in 2003, this report presents an overview of the
epidemiology of IMD in NSW for the period 1991-2011,
and presents new data for the period 2003—2011.

Methods

In NSW, a case of IMD is defined according to national
guidelines (Box 1). Hospitals and laboratories are required
to notify cases of IMD to Public Health Units under the
NSW Public Health Act 2010 (and previously under the
NSW Public Health Act 1991). Public Health Units inves-
tigate all notified cases of IMD to collect risk information
and implement control measures to prevent secondary
cases of disease. Confirmed and probable cases of IMD
are entered into the NSW Notifiable Conditions Informa-
tion Management System (NCIMS), a statewide database
of notifiable conditions that is maintained by NSW Health.
Notifications of confirmed and probable cases of IMD with
onset between 1 January 1991 and 31 December 2011 are
presented in this report. Annual notification rates were
calculated using Australian Bureau of Statistics mid-year
estimated resident populations, obtained through the
NSW Health Outcomes Information and Statistical Toolkit
(HOIST). Cases were analysed by year of onset, gender,
age group, disease syndrome (meningitis and/or septicae-
mia, based on presence of N. meningitidis in diagnostic
specimens), serogroup and disease outcome.

Analyses were performed using SAS (version 9.2, SAS
Institute, Cary, NC, USA) and Microsoft Excel 2007.

Results

Trends in IMD notifications, 1991-2011

There was a sustained increase in annual notification rates
in the period 1991-2000, followed by a sustained decrease
in the period 2000-2011. The notification rate decreased
by 74% from a peak of 3.8 per 100 000 population in 2000
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Box 1. Surveillance case definition for invasive meningococcal
disease, Australia

CONFIRMED CASE
A confirmed case requires either:

1. Laboratory definitive evidence
OR

2. Laboratory suggestive evidence AND clinical evidence

Laboratory definitive evidence

1. Isolation of Neisseria meningitidis from a normally sterile
site

OR

2. Detection of specific meningococcal DNA sequences in a
specimen from a normally sterile site by nucleic acid
amplification testing

Laboratory suggestive evidence

1. Detection of Gram-negative diplococci in Gram stain of
specimen from a normally sterile site or from a suspicious
skin lesion

OR
2. High titre IgM or significant rise in IgM or IgG titres

to outer membrane protein antigens of Neisseria
meningitidis

Clinical evidence (for a confirmed case)
Disease which in the opinion of the treating clinician
is compatible with invasive meningococcal disease.

PROBABLE CASE
A probable case requires clinical evidence only.

Clinical evidence (for a probable case)
A probable case requires:

1. The absence of evidence for other causes of clinical
symptoms

AND EITHER

2. Clinically compatible disease including haemorrhagic
rash

OR

3. Clinically compatible disease AND close contact with a
confirmed case within the previous 60 days

The national case definition was revised and endorsed by Com-
municable Diseases Network Australia in October 2007.

Source: Communicable Diseases Network Australia.
Meningococcal disease case definition, implemented July 2010.
Available at: http://www.health.gov.au/internet/main/publishing.

nsf/content/cda-surveil-nndss-casedefs-cd_mening.htm



http://www.health.gov.au/internet/main/publishing.nsf/content/cda-surveil-nndss-casedefs-cd_mening.htm
http://www.health.gov.au/internet/main/publishing.nsf/content/cda-surveil-nndss-casedefs-cd_mening.htm

Meningococcal disease in NSW, 1991-2011

Table 1. Notifications of invasive meningococcal disease by down to 1.0 per 100 000 population in 2011 (Table 1). The
year, annual rate per 100 000 population, and case fatality rate,  decrease in notifications occurred for both serogroup B
NSW, 1991-2011 and C disease (Figure 1). Serogroup B notifications peaked
in 2002 at 1.6 per 100000 population; serogroup C

Year  Notified Annual Notified Case fatality

cases rate deaths rate (%) notifications peaked in 2000 at 1.0 per 100 000 population.

Notifications of serogroups W135 and Y remained low and

1991 128 22 3 23 stable over this period, with an average of three serogroup
1992 121 2.0 8 6.6 W 135 notifications and three serogroup Y notifications per
1993 153 2.5 11 7.2 year. The proportion of cases for which serogroup infor-
1994 142 23 15 10.6 mation is recorded has steadily increased over time, from
1995 113 1.8 7 6.2 0% in 1991 to 74.6% in 2011, and the apparent increase in
1996 161 26 7 43 notifications of serogroup B and C disease from 1991 to
1997 218 35 7 22 2000 partly reflects the increasing availability of ser-
1998 184 29 17 9.2 ogroup information.
1999 217 34 14 6.5
2000 249 338 14 5.6 Notifications of IMD, 2003-2011
2001 232 3.5 7 3.0 In the period 2003-2011, there were 1009 notifications of
2002 213 3.2 17 8.0 IMD in NSW, an average annual rate of 1.6 notifications
2003 198 3.0 13 6.6 per 100000 population. A total of 879 (87.1%) were
2004 146 22 5 3.4 confirmed cases, while 130 (12.9%) were probable cases.
2005 137 2.0 9 6.6 This average notification rate is substantially lower than in
2006 102 1.5 6 5.9 the previous study period 1991-2002 (2.8 per 100000
2007 109 16 5 4.6 population). Characteristics of notified cases in the period
2008 80 1.1 3 38 2003-2011 are shown in Table 2.
2009 92 13 4 43
2010 74 1.0 5 6.8 The highest rates of IMD occurred among children aged
2011 71 10 4 56 less than 5 years of age, who accounted for 33.5% of
Total 3140 23 181 58 notifications (8.5 per 100000 population). Within this

group, children aged under 12 months were at highest risk
(17.9 notifications per 100000 population). A second
smaller peak in the notification rate was seen in the

Source: Notifiable Conditions Information Management System,
NSW Health.

Commencement of
4.5 - Meninggcogcal
C Vaccination
4.0 Program

—e— Serogroup B
—m- Serogroup C

—A— Serogroup not recorded
Other serogroup
—#— Total

Notification rate per 100 000 population

0 A
1991 1993 1995 1997 1999 2001 2003 2005 2007 2009 2011
Year

Figure 1. Notifications of invasive meningococcal disease by serogroup and year of

onset, NSW, 1991-2011
Source: Notifiable Conditions Information Management System, NSW Health.
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Table 2. Characteristics of cases of invasive meningococcal disease notified in NSW, 2003-2011

Case characteristics

Cases % Average annual Notified Case fatality
total  rate per 100 000 deaths rate (%)

Gender
Female 491 48.7 1.6 26 53
Male 518 513 1.7 28 54
Age group (years)
<1 142 14.1 17.9 13 9.2
1 82 8.1 10.4 0 0.0
2-4 114 11.3 4.8 2 1.8
5-9 68 6.7 1.7 1 1.5
10-14 47 4.7 1.1 1 2.1
15-19 150 14.9 3.6 5 33
20-24 98 9.7 2.3 3 3.1
25-44 129 12.8 0.7 8 6.2
45-64 115 11.4 0.8 12 10.4
65-74 31 3.1 0.7 5 16.1
75-84 25 2.5 0.8 3 12.0
85+ 8 0.8 0.8 1 12.5
Syndrome
Meningitis 276 27.4 0.45 4 1.4
Septicaemia 464 46.0 0.75 40 8.6
Both meningitis and septicaemia 169 16.7 0.27 9 0.9
Other/Unknown 100 9.9 0.16 1 1.0
Serogroup
B 580 57.5 0.9 28 4.8
C 130 12.9 0.2 13 10.0
W135 40 4.0 0.1 5 12.5
Y 31 3.1 0.0 2 6.5
Unknown, untypable 228 22.6 0.4 6 2.6
Total 1009 1.6 54 54

“Not stated, overseas, correctional facility.

Source: Notifiable Conditions Information Management System, NSW Health.

15-19 and 20-24-year age groups (3.6 and 2.3 notifica-
tions per 100 000 population, respectively). The age distri-
bution of cases is similar to the previous study period.

Deaths

In the period 1991-2011, whether the person with IMD
died was recorded for 55% of notifications; cases with
missing information regarding death were assumed not to
have died. There were 181 notified deaths due to IMD in
the period, which represents 5.8% of cases. Since 1991,
annual case fatality rates have fluctuated between 2.3%
and 10.6% (Table 1). In the period 20032011, there were
54 notified deaths due to IMD, which represents 5.4% of
notifications for this period (Table 2). The proportion of
cases who died was significantly higher for serogroup C
compared to serogroup B disease (RR 2.1, 95% CI 1.1-
3.9), for cases presenting with septicaemia compared to
meningitis (RR 5.9, 95% CI 2.2-16.4), and for cases aged
45 years and over compared to younger cases (RR 3.0, 95%
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CI 1.7-5.0). There was no significant association between
death and gender. These patterns are similar to those
observed in the previous study period.

Serogroup C disease

Notifications of serogroup C disease have decreased dra-
matically since the introduction of the meningococcal C
vaccination program in 2003, from 54 in 2002 (0.8 per
100000 population) to two in 2011 (0.03 per 100000
population). Notifications of deaths due to serogroup C
disease have also decreased, from nine in 2002 (the year
before the vaccination program started) to zero in 2011.
The proportion of serotyped cases of IMD that are ser-
ogroup C also decreased, from 33.1% in 2002 to 3.9% in
2011. In the same period, the proportion of serotyped cases
that were serogroup B increased from 64.4% to 80.4%, and
other serogroups from 2.5% to 15.7%.

The decline in serogroup C disease has occurred across all
age groups. Immediately after the introduction of the




meningococcal C vaccination program, notifications of
serogroup C disease for 1-19-year olds (the target age
group of the vaccination program) dropped dramatically,
from 30 cases in 2002 to four cases in 2004, with less than
five notifications per year since that time. There has also
been a gradual decline in notifications in age groups not
targeted in the vaccination program, from one case in 2002
to no cases in 2011 in children less than 12 months of age,
and from 23 cases in 2002 to two cases in 2011 in those
aged 20 years and over. Similarly, the proportion of
serotyped cases that are serogroup C has decreased over
time across all age groups. This decrease is most marked
for 1-19-year olds, but is apparent even in unvaccinated
children less than 12 months of age (Figure 2). Across the
entire study period, the proportion of serotyped notifica-
tions that are serogroup C was lower in children under
12 months of age than for the older age groups.

Since the commencement of the meningococcal C vacci-
nation program in 2003, meningococcal C vaccination
status has been recorded for 89 (68.5%) serogroup C
notifications. There have been two notifications of ser-
ogroup C disease in vaccinated individuals, a 2-year old
child in 2008, and a 9-year old child in 2009.

Discussion

Notifications of cases of IMD have become rare in NSW.
Children aged under 5 years continue to be at highest risk
of IMD, in particular children aged under 12 months, with
young adults aged 15-24 years also at elevated risk. IMD
notifications in NSW increased between 1991 and 2000,
and have decreased since this time.

The greatest reduction in notifications and deaths has been
for serogroup C disease since the introduction of the
meningococcal C vaccination program in 2003. The
marked decrease in serogroup C disease in 1-19-year olds
in 2003 and 2004 most likely reflects the impact of the
vaccination program in the target age group. There was
also a reduction in serogroup C notifications in other age
groups not targeted in the vaccination program. This partly
reflects the movement of vaccinated young adults into the
older age group, but may also suggest protection through
herd immunity as a consequence of the vaccination pro-
gram. There have been only two notifications of serogroup
C disease in vaccinated individuals, suggesting vaccine
failure is uncommon. It is important to continue to collect
information about the vaccination status of cases in order
to monitor the effectiveness of the vaccine and appropri-
ateness of the vaccination policy.

The epidemiology of IMD at a national level has been
described elsewhere.” ® Nationally, notification rates for
IMD have decreased from 3.1 per 100000 population
in 2002 to 1.1 per 100000 population in 2011.'° The
dramatic reduction in rates of notifications of serogroup C
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Figure 2. Notifications of invasive meningococcal disease by
age, serogroup and year of onset, NSW, 1991-2011

Source: Notifiable Conditions Information Management

System, NSW Health.

disease in NSW between 2002 and 2011 is comparable to
rates observed nationally® and in other countries where
meningococcal C vaccination programs have been
introduced.''"'* NSW, Australian and international data
consistently indicate there has been no evidence of
serogroup replacement following mass meningococcal C
immunisation programs. 15
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Serogroup B remains the predominant serogroup for IMD
in NSW and now accounts for 80% of cases. Research is
underway to develop a vaccine for serogroup B disease,'®
which would substantially reduce the burden of IMD in
Australia and worldwide. Although the proportion of
annual IMD notifications due to serogroup B disease has
increased over time, the actual number of serogroup B
notifications has declined since 2000. This decrease is not
likely to be related to the meningococcal C vaccination
program but may reflect a natural drift in the virulence of
meningococcal B strains in the community.® Notifications
for serogroups Y and W135 have remained low and stable.

Although notifications for IMD have reduced greatly,
reducing deaths and disability remain key challenges in
the management of IMD. IMD remains one of the leading
infectious causes of death in children in Australia. More-
over, overseas studies indicate that 9% of children who
survive IMD are left with major physical, cognitive and/or
psychological disabilities,'” and 50% of survivors of
adolescent IMD experience major long-term sequelae
including skin scarring, mobility difficulty, and speech
and hearing problems.'® Structured review of the manage-
ment of individual IMD cases has been used to identify
areas for improvement in the medical, laboratory and
public health management of IMD cases'’ and has the
potential to improve outcomes for people with IMD.

Conclusion

This study used routinely collected surveillance data
to describe the epidemiology of IMD in NSW, and to
examine trends in relation to the introduction of the
meningococcal C vaccination program. The incidence
of meningococcal C has decreased substantially since
the introduction of the meningococcal C vaccination
program. A key challenge for reducing the burden of
IMD is to control serogroup B disease.
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