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Australia’s century of meningococcal disease: development and
the changing ecology of an accidental pathogen

Mahomed S Patel

n 2003, Australia introduced routine childhood and adolescent

vaccinations against meningococcal disease (MD) caused by

serogroup C (SGC) meningococci. In its first year, the program
cost an estimated $41 million, and the government is committed
to continue funding it for the next 14 years.! National vaccination
programs to control the rising incidence and mortality from SGC-
MD with the new conjugate vaccine were pioneered in the United
Kingdom in 1999, and have also been adopted in the Netherlands,
Spain, Belgium, and Canada.>?

While the vaccine has effectively reduced the incidence of SGC-
MD, it has also reduced the carriage of SGC meningococci.®> A
similar suppressive effect on disease incidence and carriage associ-
ated with the respective vaccine strains was observed after the
introduction of the conjugate Haemophilus influenzae type b and
pneumococcal vaccines. "> To anticipate the kinds of changes we
might see with mass vaccinations against SGC-MD, we need to
understand the changing epidemiology of MD. (Terms are defined
in the Glossary on page 139.)

Neisseria meningitidis has no host other than humans, so the
history of its changing ecology mirrors, in part, that of its human
hosts. Yet there exists no social history of MD. Here, I draw on the
epidemiological history of the disease in Australia over the past
century to answer two questions: What were the evolving trends in
human-microbial ecology that led to the new vaccination policy?
How may the conjugate meningococcal vaccine impact on human—
microbial ecology, and how should we monitor this impact?

What were the evolving trends in human-microbial
ecology that led to the new vaccination policy?

Understanding the changing epidemiology and ecology of MD
requires the linkage of incidence data with microbiological data.
Long-term incidence data for MD are lacking in all countries.
However, routine surveillance data can act as a proxy, if limitations
of these data are understood. In Australia, annual notification data
for MD have been collected since 1915.°® While limited microbio-
logical data have been available since 1960,% 12 national data were
not collected systematically until 1994."%%* In addition, new
molecular technologies can now be used to track the temporal
spread of meningococcal strains across continents.**2° Synthesis
of these data enables us to make some statements about the
changing microbial-human ecology.

Shift from epidemic to endemic to hypersporadic patterns
of disease

Annual notification rates of MD in Australia from 1915 to 2003
adapted from three data sources®”*" are summarised in Box 1 and
Box 2. Although there was no explicit surveillance definition for MD,
and the states had independent systems of collecting and reporting
notifications before 1991, the trends are remarkably consistent.
Nationwide epidemics occurred during the two World Wars as
part of the pandemics associated with military mobilisation and
social disruption.’®*! The only other epidemics since then have

ABSTRACT

e Trends in meningococcal disease (MD) over the 20th century
in Australia, as in other industrialised countries, have been
characterised by epidemics during the two World Wars, a
transient rise in incidence in the 1950s followed by endemic
disease, and in the 1980s the emergence of a sustained
hypersporadic phase. Epidemics occur at times of social
upheaval and among marginalised populations, and resolve
when living conditions improve.

¢ Periodic serogroup A epidemics have been replaced since
the 1950s by endemic disease caused mainly by serogroups
B and C meningococci. The current hypersporadic plateau in
Australia, as in other industrialised countries, is associated
with the intercontinental spread of hypervirulent clones of
meningococci.

e The conjugate serogroup C vaccine has reduced the
incidence of MD and carriage rates of serogroup C
meningococci. However, the vaccine is expensive and its
long-term impact on the emergence of non-vaccine strains
and on nasopharyngeal microecology is unknown.

e Arising incidence of MD should not be viewed as the action
of a virulent microbe exploiting a vulnerable population, but
as the emergence of an “accidental pathogen” from an
evolving host-microbial ecology. While it is essential to
monitor the impact of vaccines on this ecology, we must find
ways that can optimise our coexistence with microbes.
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been restricted almost entirely to Indigenous people in Central
Australia >3

After World War 1I, notifications rose in the early 1950s in
parallel with those in other industrialised countries.*!***> This
period was associated with extensive population movements
within Europe and migration to North America, Australia and New
Zealand. Notifications then dropped consistently across all states
to a nadir of less than 0.5/100 000 population by 1981, but rose
again in 1987 to be sustained by a hypersporadic plateau that led
ultimately in 2003 to the vaccination program against SGC-MD."

Is this change in disease pattern reflected in the pattern of deaths
due to MD? Until 1990, the trend in the number of deaths from
MD?* mirrored the trend in notifications (Box 2). Reasons for the
divergence after 1990 (an observation also noted in the UK*®) may
include improved case ascertainment, earlier diagnosis and treat-
ment, and reduced frequency of life-threatening disease.

Routine surveillance for MD, as for other notifiable diseases,
underestimates disease incidence. However, the consistent secular
trends in routine surveillance and mortality data, as well as data
from laboratory-based”!! and incidence studies®® (Dr Rob Con-
don, formerly Infectious Disease Epidemiologist, Telethon Insti-
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1 Annual notification rates of meningococcal disease in five states in Australia, 1915-2003
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consistently below 0.7/100 000 population.

Data for Tasmania, the Northern Territory and the Australian Capital Territory are not shown because of the widely fluctuating incidence associated with their smaller
populations. Data between 1968 and 1978 were available only from Victoria (Dr Rosemary Lester, Acting Director, Disease Control and Research, Public Health Branch,
Department of Human Services, VIC, personal communication) because meningococcal disease was not notifiable nationally during these years.”® Notifications
increased steeply in Queensland in the 1960s and in South Australia in the mid 1980s. However, the former included meningitis caused by coxsackievirus, echovirus, and
adenovirus,?® and the latter included genital isolates of Neisseria meningitidis not associated with invasive disease (Dr Scott Cameron, formerly Head, Communicable
Diseases Control Unit, South Australian Health Commission, Adelaide, SA, personal communication). The corrected rates in both states for these periods were

*

tute for Child Health Research, Perth, WA, personal
communication) in the latter part of the last century, provide
compelling evidence of the change in epidemiology since the late

1980s. The trends resemble those of other industrialised coun-
tries, 2631343537

The fall of serogroup A meningococcal disease

Epidemic and hypersporadic MD are triggered typically by the
introduction and spread of a single hypervirulent clone of menin-
gococci,*>2° and curtailed naturally once herd immunity develops
and the pool of people susceptible to the strain is exhausted.

The pandemics of the World Wars were caused by serogroup A
meningococci (SGA). Disease incidence caused by this serogroup
declined subsequently, to be replaced mainly by serogroup B
meningococci (SGB) and SGC.****2021.35 This shift was almost
complete in industrialised countries by the second half of the 20th
century when it accounted for less than 1% of people with
MD 9-10.2631

There were two notable exceptions. The first, the 1971-1973
epidemic in Central Australia (encompassing adjacent regions of
the Northern Territory, South Australia and Western Australia),*
was concurrent with epidemics caused by clonal subgroup I of
SGA in Africa and the Middle East, and with sporadic disease in
many other countries,>?> including an outbreak among Native
Americans.® The second, the 1987-1991 epidemic in Central
Australia,”>? was also caused by this clonal subgroup;*® the same
strain was responsible for the 1985-1987 epidemic in Auckland,
NZ, with very high attack rates among Polynesian and Maori
children %’ SGA-MD has not recurred in Central Australia since
the epidemic ended in 1991.

The rise of serogroups B and C meningococcal disease

Although Australian microbiological data are not available for the
1950s, in the UK and the United States, a contemporaneous rise in
incidence was associated with SGB- and SGC-MD, accounting for
60%-80% and 20%-33% of cases, respectively.’*> Microbiologi-
cal data available for endemic disease between 1960 and the 1980s
in Australia’'? indicate that SGC emerged as an important patho-

2 Annual notification rates and deaths from
meningococcal disease for all states/territories in
Australia, 1915-2003
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The annual number of deaths from meningococcal disease was obtained from
the compilation of mortality data collected by the Australian Bureau of
Statistics.?’ *
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gen in the 1980s, together with the rise in SGB, the dominant
pathogen of the 1960s and 1970s. The first cluster of cases of SGC-
MD (five cases) was reported in 1968 from Canberra.'” In Victoria,
data on admissions to Melbourne’s Royal Children’s Hospital since
1960 reveal that SGC-MD was first detected in 1982.° and its
incidence increased from a third of cases in 1985 to 15 of 25 cases
in 1989, the remaining cases being associated mainly with SGB-
MD. In South Australia, while SGC-MD has been recorded since
data collection started in 1971, its incidence also increased sharply
after 1984, and in 1989 exceeded the incidence of SGB-MD for the
first time.'®!" Data collected in New South Wales between 1977
and 1987 show cases of SGC-MD for the first time in 1980."* In
Western Australia, data collected since 1984 show that, concurrent
with the Central Australian SGA-MD epidemic, SGC-MD increased
from three of 13 cases in 1986 to peak at 26 of 44 cases in 1989
(Dr Rob Condon, formerly Infectious Disease Epidemiologist,
Telethon Institute for Child Health Research, Perth, WA, personal
communication). The corresponding number of cases of SGB-MD
were one and four, respectively, but this serogroup has accounted
consistently for over 60% of cases since 199132

Thus, while SGB-MD predominated in the 1960s and 1970s,
SGC started emerging as an important pathogen in the 1980s. The
transition from the endemic to hypersporadic phases in the late
1980s was associated with an increase in disease caused by both
serogroups. Between 1989 and 1995, cluster A4 (the clonal
complex associated mainly with C:2b:P1.2 [see Glossary]) caused
small multifocal outbreaks in Katanning (WA) and south-western
Sydney, and in Aboriginal communities in North Queensland.*
Invasive isolates from these outbreaks and from sporadic cases
were closely related to each other genetically,*' suggesting a
common point of introduction into Australia. Of the 58 cases of
MD in south-western Sydney between 1990 and 1994, SGC
(mainly C:2b:P1.2,5) accounted for 31 of 58 invasive isolates, and
SGB meningococci for 16 isolates.*?

Through the 1990s, the incidence of MD due to the ET-37
complex (associated mainly with C:2a:P1.2,5) and its variants also
increased. It was responsible for the outbreak connected with a
Penrith (Sydney) nightclub in 1996,* and the peak in incidence in
Victoria in 1999.%*

In contrast to the fluctuating incidence of SGC-MD, the inci-
dence of SGB-MD due mainly to the ET-5 complex (associated
with B:15:P1.6) and lineage 111 (associated with B:4:P1.4) persisted
for over a decade, accounting for about two-thirds of all cases of
MD in Australia.>** An effective vaccine against all strains of SGB
is not available yet to control the incidence of SGB-MD.

Over the 5-year period before the conjugate SGC vaccine was
introduced in 2003, the frequency of SGC-MD increased stead-
ily in Victoria, Queensland and Tasmania, dropped consistently
in New South Wales, and remained steady in South Australia,
the Australian Capital Territory and the Northern Territory.'’!
The average annual incidence of SGC-MD over these 5 years was
1.1/100 000, but the extent to which the laboratory-based surveil-
lance data reflect the overall incidence of SGC-MD is not known.

Concordant disease patterns across the industrialised
world

Understanding changes in the local epidemiology and ecology of
MD requires a global perspective. The post-1970 hypersporadic
phase in other industrialised countries preceded and, in many
ways, shaped the Australian experience. Hypersporadic disease

was first reported in northern Norway in 1975, and was associated
with the ET-5 complex.** This clone spread across north-western
Europe and later to the US.?* In the 1970s, cluster A4 was a
common cause of MD in the US, Canada and the UK,** and, in the
1990s, caused outbreaks in the UK and Spain.?” MD due to lineage
III and the ET-37 complex also increased across Europe in the
1990s.2*37 In New Zealand, the incidence of MD increased tenfold
in the 1990s due mainly to lineage III (B:4:P1.7b,4) associated
with epidemic proportions in the Pacific and Maori populations.*

The hypersporadic plateau in industrialised countries therefore
reflects the summation of a series of overlapping hypersporadic
waves caused by the intercontinental spread of multiple hypervir-
ulent clones of meningococci. While SGA-MD was highly
restricted by time, place and population, the incidence of SGC-MD
rose and fell rapidly over a few years, and the incidence of SGB-
MD remained consistently high for well over a decade.

The evolving host-microbial ecology of MD in
industrialised countries

Although disease incidence has been categorised as a triad of
endemic, hypersporadic and epidemic MD, incidence occurs along
a continuum. Temporal and spatial fluctuations along this contin-
uum reflect variations in outcomes of the dynamically evolving
host-microbial ecology. While host defences adapt to protect
against tissue invasion, meningococci have amassed high levels of
genetic variability to evade this defence repertoire*® and to colo-
nise new hosts. They have evolved an ingenious “phase variation”
potential (fine-tuning) to change surface structures that enable
ongoing transmission and colonisation without having to invade
tissues and cause disease.™® Invasion is not essential to survival;
rather, it is an evolutionary dead-end for meningococci. Virulence
emerges as an accidental by-product of the immune forces that
select out genes coding for transmissibility.*® N. meningitidis, it
therefore appears, has not evolved to cause disease but does so as
an “accidental pathogen”.*’

The replacement of SGA by SGB and SGC as the major
pathogens of MD in industrialised countries reflects microbial co-
adaptation as we modify the ways we live, behave and mix with
each other across the globe. This changing ecology led to a shift
away from periodic epidemics, except in vulnerable subgroups
such as Australian Aboriginals and New Zealand Maori ***33%%
Poverty, crowded households and neighbourhoods, and reduced
access to health services represent socially constructed faultlines
along which epidemics may erupt.>*32:2>>03848 ywhile the demise
of epidemic SGA-MD can be attributed to improved living condi-
tions,%® the societal determinants of the current hypersporadic
phase, in addition to factors related to poverty and crowding, are
unclear. Understanding this requires an ecosystems approach to
causation, one that looks upstream of molecular markers and
individual disease risk factors.

Cost-effectiveness of the conjugate SGC vaccine

The report (including cost-effectiveness) and recommendations on
the introduction of the conjugate SGC vaccine by the Australian
Technical Advisory Group on Immunisation are not available in
the public domain. However, cost-effectiveness considerations are
believed to have been important in arriving at the recommendation
for a single-dose program at age 12—13 months (current policy)"
rather than a three-dose program at birth (UK policy).” A study in
the Netherlands showed relatively high incremental costs per life-
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year saved for two- and three-dose programs at birth compared
with a single dose at age 14 months,? and supports the Australian
recommendation.

How may the conjugate meningococcal vaccine impact
on human-microbial ecology, and how should we
monitor this impact?

The long-term impact of the conjugate meningococcal vaccine on
host-microbial ecology is unclear. Conjugate vaccines against the
encapsulated bacteria regulate the ecology of the nasopharynx.*”
However, what remain unknown are the physiological and health
benefits of the nasopharyngeal microflora and of the complex
inter-relationships and interdependence that have evolved over
centuries between the colonising microbes. This contrasts with our
growing knowledge of the essential role of the gut microflora in the
development and lifelong maintenance of generic immune func-
tions and the architectural integrity of the gut.*

Evidence of effects of the meningococcal vaccine on
human-microbial ecology

While the polysaccharide SGA and SGC vaccines were highly
effective in controlling outbreaks of MD caused by these sero-
groups,”®’! they may have impacted adversely on disease caused
by serogroups W135 (SGW135) and SGB. Epidemics caused by
SGW135 have started to emerge in some African countries and,
since 2000, carriage rates increased for the first time since this
strain was initially detected in 1968.>2 These events could, in part,
be attributed to mass vaccinations against SGA-MD,”* with
SGW135 emerging as a “replacement” strain. Disease caused by
this serogroup also appears to have gained a foothold in Europe
since 2000.%% After mass vaccinations with the polysaccharide SGC
vaccine to control outbreaks in Spain and the Czech Republic,
capsule switching occurred to shift the cause of MD from the C ET-
37 complex to the B ET-37 complex.”>* However, because similar
capsule switching was also observed when the vaccine was not
used,” a direct cause—effect relationship to implicate the vaccine
has not been confirmed.

Evidence of effects of other conjugate vaccines on human-
microbial ecology

The conjugate H. influenzae type b vaccine reduced both disease
and carriage rates. Initial concerns of an immediate replacement of
type b by other strains have not been borne out; only a minimal
increase in disease caused by the type a strain has been observed.*
The experience after the introduction of conjugate pneumococcal
vaccine is different. While meningitis and bacteraemic pneumonia
caused by the seven vaccine serotypes have nearly been elimi-
nated, and carriage rates of vaccine strains have dropped,’ overall
carriage rates of pneumococci have not changed much because of
increased carriage of non-vaccine serotypes.’ Possible explanations
for persistent carriage rates include unmasking of previous minor-
ity strains, replacement by serotypes unaffected by the vaccine, or
a serotype switch to evade immunity.” The prognosis for a lasting
suppression of pneumococcal disease is guarded.’

Monitoring the impact of the conjugate SGC vaccine

Monitoring the changing incidence and epidemiology of MD
should be linked with other initiatives, particularly clinical and
population-based studies to monitor changing human-meningo-

Glossary

Endemic: The constant presence of disease; for meningococcal
disease (MD) in industrialised countries, this is usually an annual
incidence of <2/100000 population.

Hypersporadic: Incidence levels exceeding endemic but not as
high as epidemic levels, with the occurrence of multifocal clusters of
cases (small spatio-temporal group of cases distributed in locations
around the country). In industrialised countries, an annual incidence
of 2-10/100 000 population is considered hypersporadic; it has been
associated with a high case-fatality rate (over 10%), particularly
among teenagers and young adults. The term "hyperendemic”,
used by some authors, is not used here as it suggests a disease that
is constantly present at a "high” incidence.

Incidence continuum: The annual incidence of MD fluctuates along
a range of values (continuum) from < 1/100 000 population to, say, 10
or 1000/100 000 population. The threshold values for distinguishing
endemic from hypersporadic, and hypersporadic from epidemic
levels, are relatively arbitrary.

Hypervirulent clone: Studies of the population genetics and
molecular markers of thousands of meningococcal isolates from
around the globe revealed how hypersporadic and epidemic levels
were associated consistently with selected clones (lineages) of
Neisseria meningitidis. These clones have been labelled
"hypervirulent”.

Capsule switching: Meningococcal serogrouping (eg, A, B, C, Y,
W135) is based on the properties of the outer capsule, a phenotypic
expression of the capsule-specific gene. Horizontal transfer of this
gene between different serogroups may result in the conversion
(switch) in serogroup without changes in other genetic markers.
This is an ingenious strategy used by meningococci and other
encapsulated bacteria to evade natural or vaccine-induced
immunity directed at the capsule.

Characterisation of meningococci: Serogrouping and serotyping
are based on the properties of the outer capsule and outer
membrane proteins (OMPs), respectively. Antigens of classes 2 and
3 OMPs appear as the second number (serotype) in the formula (eg,
C:2a). Serosubtyping is based on the diversity of the class 1 OMP,
and numbers are quoted after the prefix P1 (eg, C:2a:P1.2). These
phenotyping methods are being replaced by molecular typing of
the genome, and correlate closely with epidemiological patterns of
MD, including geographical spread of specific clones. Multilocus
enzyme electrophoresis (MLEE) was used to classify meningococci
into clonal “subgroups” for serogroup A, into “complexes” or
“clusters” for serogroups B and C, and also into clones for
serogroup B. MLEE has been replaced by the more portable
multilocus sequence typing (MLST) that characterises meningococci
into clonal groups comparable with MLEE. .

coccal ecology. From the disease perspective, we need to monitor
not only changes in the age distribution, severity, and microbiology
of MD across subpopulations, but also changes in respiratory tract
infections with other microbes, such as the non-vaccine strains of
H. influenzae® and pneumococci,™ as well as the atypical infec-
tions such as Mycoplasma pneumoniae and Chlamydia pneumoniae.”*
From the population perspective, we should monitor changes in
the carriage of meningococci, as well as in the carriage of other
nasopharyngeal microflora. In addition, we should improve our
understanding of how microbes help program our immune sys-
tems from birth and, more specifically, our understanding of the
type and timing of infections that promote the development of
natural immunity against infections,*” including MD.”
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Conclusion

Trends in MD over the 20th century fluctuated along an incidence
continuum, with epidemics erupting at times of social upheaval
and among marginalised populations.?®3%223%30.3848 Epnidemics
gave way to endemic disease as living conditions improved,*® and
although the societal determinants of the current hypersporadic
pattern are unknown, this phase has been sustained by the spread
of hypervirulent clones associated with increasing volumes of
human (and microbial) traffic across the globe.

SGC emerged as an important pathogen in Australia in the
1980s. Over the 5 years before the conjugate vaccine was
introduced, the annual incidence of SGC-MD fluctuated, and
was particularly low in some states and territories, averaging
1.1/100 000 population nationally (based on laboratory-surveil-
lance data). However, the vaccine is expensive, and its long-term
impact on nasopharyngeal microecology and on the emergence of
non-vaccine serogroups is unknown.

We should not view a rising incidence of MD as the action of a
virulent microbe exploiting vulnerable human defences, but rather
as a variant outcome of an evolving host-microbial ecology.
Because the conjugate vaccines aimed at protecting us against
diseases also regulate the microecology of the nasopharynx, their
use must be regarded as an experiment in restructuring the local
bacterial population biology.”® While we must monitor their
impact on the evolving host—microbial ecology, we must also find
ways to optimise our coexistence with microbes. *
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