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SUMMARY

Studying the epidemiology of pertussis and impact of differing vaccine schedules is difficult
because of differing methods of case ascertainment. The advent of internationally standardized
serological diagnosis for recent infection has allowed comparison of age-specific pertussis
infection among European countries and was applied in Australia at the time of a major national
epidemic. In 1997 and 1998, a nationally representative serum bank using residual sera from
diagnostic laboratories was established. Measurement of pertussis toxin (PT) IgG level was
conducted by a reference laboratory using an enzyme-linked immunosorbent assay standardized
for a number of European countries. A titre of 125 EU/ml was interpreted as indicative of recent
pertussis infection. The serological data were correlated with age, gender, region and disease
epidemiology in Australia. The highest prevalence of recent pertussis infection was in the 5-9
years age group, and the lowest in 1-4 and 25-64 years age groups. In the 5-14 years age group,
29-7% (5-9 years) and 14:6 % (1014 years) of the sample had serological evidence of recent
infection, correlating with the pattern of epidemic notifications. The 15- to 24-year-olds had
similar high titres but the same notification rate as 25- to 44-year-olds, suggesting ascertainment
bias may result in under-notification in the former age group. The prevalence of high titres
observed was up to 20-fold higher than some European countries during a similar time period.
Although vaccination has reduced the transmission of pertussis in the youngest and most
vulnerable age group, pertussis is still endemic in Australia, particularly in older children and
the elderly. The Australian vaccination schedule has been changed in an attempt to address

this problem, by spacing doses more widely, with the fifth dose at 15-17 years of age.
Seroepidemiology for pertussis offers the potential to compare patterns of pertussis between
countries and examine the impact of vaccine schedule changes independent of notification and
diagnostic bias.

BACKGROUND
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(Email: RainaM @chw.edu.au) intervals in the decade since 1993 [1]. Universal
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Table 1. Current 5-dose Australian pertussis vaccine schedule and recent timing changes [1, 2]

Vaccine Recommended

dose vaccination age Changes

Ist dose 2 months 1994 — DTPa licensed in Australia

2nd dose 4 months

3rd dose 6 months

4th dose 18 months 1997 — DTPa replaces whole cell vaccine
2003 — booster ceased

Sth dose 4-5 years 1994 — DTPw introduced to replace 5-year CDT booster

(pre-school) 1997 — DTPa replaces whole-cell vaccine

1999 — DTPa for all five doses

Adolescent dose 15-17 years 2004 — introduced dTpa (adult formulation)

childhood vaccination against pertussis commenced
in Australia in 1953 with the introduction of the
‘triple antigen’ vaccine (locally produced whole-
cell pertussis vaccine combined with the divalent
diphtheria/tetanus vaccine to form DTP). The current
Australian vaccination schedule has the primary DTP
vaccinations given at 2, 4 and 6 months of age with a
booster given at age 4-5 years, introduced in 1994 [1].
In 2004, the DTP booster given at 18 months since
1979 was removed and a booster at age 15-17
years introduced to control the increasing burden
to pertussis in adolescents [2]. (See Table 1 for the
changes in the last decade.)

Since 1993, changes in notification methods and
increasing availability of non-culture diagnostic
tests for pertussis (polymerase chain reaction and
serodiagnosis using a whole-cell antigen assay) [3]
have made it unclear how much of the reported
increase reflected true changes in the underlying pat-
tern of pertussis infection. One method of comparison
over time is hospitalization data, as criteria for
admission to hospital are likely to have changed less
than diagnostic behaviour, and discharge coding for
pertussis is reliable [4]. However, this has limitations,
especially over the age of 2 years, when hospitaliz-
ation for pertussis becomes rare.

Serological patterns can overcome this difficulty as
they are applicable across the age spectrum, and
serological studies have shown a high prevalence of
exposure to pertussis in adults in a variety of settings
[5-8]. In Spain, among persons aged 1-59 years the
highest prevalence of high titre anti-pertussis anti-
bodies [IgG PT and IgG-filamentous haemagglutinin
(FHA)] occurred over 30 years of age with the lowest
prevalence in those aged 512 years [7]. In the United
States [5] a bimodal distribution in peak anti-pertussis
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antibody titres was found with the first peak in the
4-6 years age group, temporally corresponding to
receipt of the fifth pertussis booster vaccination, with
a smaller peak recorded in adolescents, attributed
to natural infection following waning of vaccine-
induced immunity. A major obstacle to international
comparison has been the lack of standardization
in pertussis serology. In 1996, the European Sero-
Epidemiology Network (ESEN) was established, with
the aim of performing population serosurveys for five
vaccine-preventable diseases, which included per-
tussis. Methods of standardization of assays for IgG
to pertussis toxin (PT IgG) have been developed by
the ESEN group and applied to samples from Britain,
Finland, France, Germany, The Netherlands, Sweden
and Italy, the latter being the site of the ESEN refer-
ence laboratory [9]. This study reports pertussis
serology, using the standardized ESEN methods,
derived from a nationally representative serosurvey
conducted in Australia, and compares this and
Australian epidemiological data to the patterns of
seroepidemiology observed in European countries
with differing histories of pertussis vaccination.

METHODS

The sera used in this study were collected as part
of the Australian National Serosurvey [10], which
is a nationally representative sample of sera col-
lected between 1997 to 1998 from people under-
going pathology tests in New South Wales (NSW),
Victoria, Queensland, Western Australia (WA),
South Australia (SA), Tasmania, the Australian
Capital Territory (ACT) and the Northern Territory
(NT). Data on age, state of residence and gender were
collected. No clinical information regarding donors
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Table 2. Expected proportion of pertussis and calculated sample sizes by age

Expected
Age group prevalence of elevated Sample size Available Actual samples
(years) anti-PT IgG calculated samples, 1998 used in analysis
14 0-004 164 830 163
5-9 0-064 256 1216 253
10-14 0-08 315 945 314
15-19 0-026 109 914 109
20-24 0-032 48 644 45
25-34 0-02 31 772 32
35-44 0-036 54 597 54
45-64 0-03 45 1014 46
=065 0-024 36 1103 38
Total 1058 1054

was available. No information was collected regard-
ing donor’s current or past vaccination status. Esti-
mates of vaccination coverage of this population were
based on data presented in a report from the National
Centres for Immunisation Research and Surveillance
of Vaccine Preventable Diseases [11]. The methods for
the National Serosurvey are described elsewhere [10],
and has been validated against a random community
cluster sampling method for the testing of measles
immunity, and found to be representative of the
population [12]. Approval for the serosurvey was
obtained from the Western Sydney Human Research
Ethics Committee.

Sample size calculation

The number of sera for serological testing was calcu-
lated using Sample Size Determination in Health
Studies [13]. Sample size calculations were performed
using the expected age-group specific proportion of
positive cases in the population. It was calculated to
achieve 95% confidence intervals with a precision
value of +3% for <20-year-olds and +5% for
20-year-olds. To represent the actual population,
more females were selected in the >65 years age
group. Representation by state of serum collection,
age and gender was based on mid-year estimate of
the 1998 population [14]. The calculated total sample
size and age-specific sample sizes were achieved (see
Table 2 for the age-specific stratification).

Serology

A total of 1054 sera were randomly selected from
each age group from the available samples to fulfil
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the sampling requirements above, and were sent in
dry ice to Italy by courier. Serological analysis was
performed at the ESEN reference laboratory at the
University of Palermo, Italy, Department of Hygiene
and Microbiology. PT IgG levels were measured by an
ESEN standardized enzyme-linked immunosorbent
assay (ELISA) [9].

Statistical analysis of serological data

Serum samples were identified by postcode, gender
and age at time of collection. Descriptive analysis was
performed using Microsoft Excel 1997 [15] and Epi-
Info version 6 [16]. The distribution of serological
titres were non-parametric, so the anti-PT IgG titres
were transformed using log., the results were then
averaged, with the exponential of this mean being the
geometric mean titre (GMT), the measure of central
tendency. A cut-off of 100 Dutch U/ml was used as an
indicator of recent pertussis infection, as described
previously by de Melker et al. [17]. In a non-epidemic
period, using a population sample, de Melker et al.,
in The Netherlands, found that a single serum anti-
PT IgG level of >100 Dutch U/ml (equivalent to
125 EU/ml) [9] was indicative of recent pertussis, but
levels decayed rapidly, over time, with high levels
lasting an average of 4-4 months [17]. The cut-off of
62-5 EU/ml anti-PT IgG was used as an indication of
infection in the previous 12 months [17]. Additionally,
anti-PT IgG titres were subdivided into four cat-
egories, <5 EU/ml (undetectable anti-PT IgG levels),
5-62-5 EU/ml (detection of anti-PT IgG antibodies
suggesting infection at least 1 year previously or
immunization), 62-5-125 EU/ml and >125 EU/ml,
based on the study by the ESEN group published by


https://doi.org/10.1017/S095026880600625X

30-0 160

=

25.0 ‘[: -[- 140 g

_I_ 120 o =

= " = &
E 200 100 2 &
=) c o
= 150 80 'g =
E £ 8
% 100 80 ==
40 # g

5.0 )

L 20 g

0
1-4  5-9 10-14 15-24 25-44 45-64 =65
Age group (years)

3 Males T3 Females
—+—Notification rate 1997/1998 (rate per 100 000 population)

Fig. 1. Geometric mean titre of anti-PT IgG by age, gender
and notification rate.

Pebody et al. [18]. Standard errors bars are presented
in Figures 1 and 2.

When comparing >2 populations, Bartlett’s test
for inequality was used to determine whether the
populations were homogeneous. Kruskal-Wallis H
and P value was used when the two populations being
compared were non-parametric heterogenous groups.
When the two non-parametric groups were homo-
genous, ANOVA statistics were employed.

Pertussis surveillance data

Data from the National Notifiable Diseases Surveil-
lance System (NNDSS) were used to examine epi-
demiological trends in pertussis in the time periods
corresponding the serosurvey [19]. Denominator
data were obtained from the Australian Bureau of
Statistics (ABS) population estimates [14]. Crude
pertussis notification rates were calculated. Data from
the same years as the serosurvey (1997 and 1998) as
well as data from the years prior to it (1993—-1996)
were included.

RESULTS

A total of 1054 samples were analysed. There
were approximately equal numbers of males (49-6 %,
523/1054) and females (50-4%, 531/1054), with an
average age of 16-24 years. The median age was 11
years and the mode was 12 years. The mean anti-PT
antibody titre was 18-8 EU/ml with a median of
14-0 EU/ml. Antibody titres were related to age.
The GMT by age group and age-specific notification
rate are shown in Figure 1. The difference in mean
anti-PT IgG titre by age group was significant
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Fig. 2. Distribution of anti-PT IgG titres stratified by age.

(Kruskal-Wallis P=0-0046), with the highest GMT
of 25:6 EU/ml occurring in the 5-9 years age group,
and the lowest GMT (12-:8 EU/ml) in the 1-4 years
age group. The GMT was also high in the 15-24 and
> 65 years age groups. The gender difference in GMT
was greatest for the >=65-year-olds (6:9 EU/ml),
followed by the 15-24 years age group (Fig. 1, stan-
dard error bars shown), although it never reached
significance.

Figure 2 shows the frequency of anti-PT IgG titre
quartiles stratified by age. The highest proportion of
anti-PT IgG titres >125 EU/ml occurred in the 5-9
years age group, followed by the 10-14 and 15-24
years age group. No person in the 45-64 years age
group reached an anti-PT IgG titre of >125 EU/ml.
The 477 subjects who were aged <10 years at the
time of serum collection had a significantly higher
(OR 1:57,95% CI 1-10-2-26, P=0-013) prevalence of
anti-PT IgG titres >125 EU/ml compared to those
aged >10 years (15:9%, 76/477 vs. 10:7%, 62/577).
In terms of infection in the previous 12 months,
the highest prevalence of titres >62-5 EU/ml was for
the 5-9 years age group, followed by the 15-24 and
10-14 years age groups respectively. Subjects aged
<10 years had a significantly higher prevalence
(OR 1441, 95% CI 1-04-1-93, P=0-028) of anti-PT
IgG titres >62-5 EU/ml than subjects >10 years
(21:6%, 103/477 vs. 163, 94/577 respectively).
Prevalence of non-immune individuals (anti-PT IgG
titre <5 EU/ml) was also age specific, with the highest
prevalence occurring in the 1-4 years age group,
followed by the 5-9 years age group. The gender
difference in mean GMT was not apparent when
looking at the proportion of subjects with high titres
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1 Rounding effect >100 %.

§ Values represent Australian hospitalisation and average Australian notification rates for time period shown.

(>125 EU/ml). Overall, there was no significant
difference in the prevalence of anti-PT IgG titres
>125 EU/ml or >62-5 EU/ml by gender (P=0-31
and 0-61 respectively). Analysis of age-stratified data
by gender also found no significant difference between
males and females (data not shown).

The selected sera came from a representative
sample of all states and territories (Table 3). The
majority of the sera came from Eastern Australia
(Vic, NSW, QIld), correlating with the large popu-
lations residing in this part of the country. The
collection states were homogenous in terms of age
at collection (Bartlett’s P=0-79). However, the states
and territories were heterogeneous in their mean
anti-PT antibody titre (Bartlett’s P=0-001). New
South Wales (NSW) and the Australian Capital
Territory (ACT), both on the east coast, combined
had the highest average anti-PT IgG titre, followed by
South Australia (SA) and the Northern Territory
(NT). Western Australia (WA) had the lowest average
anti-PT IgG.

The average notification rates for 1997 and 1998,
for cases aged >1 year old, are also shown in Table 1,
with the highest rate occurring in SA and NT
combined, followed by NSW and ACT combined.
Victoria and Tasmania combined had the lowest
average notification rate. All jurisdictions except for
the NT had a pertussis epidemic during the time of
serum collection in 1997. The NT had its peak in
1995, 2 years prior to the other states and territories.

Figure 3(a—c) graphically represents the frequency
of anti-PT IgG titres >125 EU/ml in the Australian
population used here, and in two Western European
populations [18], which were respectively categorized
as high (at least 90 % of the population vaccinated
against pertussis) vs. low vaccination coverage
(<90% of the population has been vaccinated
against pertussis). In Western Europe, those countries
with lower vaccination coverage (England, West
Germany, Italy) had the highest frequency of anti-PT
IgG titres >125 EU/ml among those <10 years old,
while those countries with high vaccination coverage
(The Netherlands, France, East Germany, Finland)
had a peak frequency in 10- to 24-year-olds. The
Australian population had a higher frequency of
anti-PT IgG titres >125 EU/ml than any European
country, especially among 3- to 19-year-olds, while
the 1- to 2-year-olds were similar. Thus, Australia had
a mixed picture, with few titres >125 EU/ml in the
very young, similar to high-vaccination-coverage
countries, but a peak incidence occurring at a younger
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Fig. 3. Proportion (%) of anti-PT IgG titres >125 ESEN
EU/ml in (a) Australian population, (b) high-vaccination-
coverage Western European countries and (c¢) low-
vaccination-coverage Western European countries [18].

age. The Australian frequency then declined for
those aged 25-64 years, with an apparent increase
in frequency for the >65-year-olds, as seen in the
low-vaccination-coverage countries.
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DISCUSSION

Pertussis continues to be endemic in Australia, despite
the introduction of immunization. This serological
survey gives us information that is not captured by
disease notification data, mainly because the disease
is under-notified in older children and adults [20].
The major finding of our study is that the burden of
pertussis is greatest in the age groups 5-25 years and
>65 years. The problems of under-diagnosis and
under-notification in these age groups ensure that
pertussis remains endemic in the community, posing a
risk to vulnerable infants, who are at greatest risk of
morbidity and mortality from the disease. Serological
surveys are valuable tools for assessing the current
state of pertussis epidemiology, and allow evaluation
of the impact of interventions in the future.

Pertussis vaccination was introduced into Australia
in the 1940s, but was not widely implemented until
1953 when vaccines combined with diphtheria and
tetanus became available. The Australian vaccination
schedule for pertussis has undergone significant
changes in the last decade (see Table 1), and currently
consists of primary doses at 2, 4, 6 months, with
boosters given at 4 years and 15-17 years. Vaccination
coverage (including eligibility and schedule) varied
with an individual’s age. A report compiled by the
National Centre for Immunisation Research and
Surveillance of Vaccine Preventable Diseases (NCIRS)
based on Australian Childhood Immunisation Regis-
ter (ACIR) birth cohort data (for an explanation
of the method, see reference [21]) shows that from
January 1996 to December 1998, vaccination cover-
age for three primary DTP doses increased from an
overall 75% to 85% [11]. Data concerning vacci-
nation coverage prior to 1996 (the inaugural year of
ACIR) was collected by the ABS, which under-
estimated coverage [1]. The percentage of children
who were eligible for and received the preschool per-
tussis booster is not known, due to suboptimal data
collection, however, information collected by agencies
other than ACIR suggests vaccine uptake error of
89% in NSW [22]. Those of the >65-year-old age
group were not eligible for vaccination.

Age is an important factor in the epidemiology of
pertussis. Vaccination has shifted the peak age of
serological evidence of infection. Between 1993 and
1998, children aged >14 years accounted for 51%
of all notifications nationally, and the median age
of notifications increased [I, 23]. In our study,
subjects aged 5-14 years had the highest prevalence
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of high titres. Although some of this may be second-
ary to vaccination, with the Pebody et al. [18] study
showing that some whole-cell vaccines may produce
anti-PT IgG titres >125 EU/ml (see below). The low
proportion of 1- to 4-year-olds with high titres may
represent protection from infection through vacci-
nation, which induces lower antibody responses than
natural infection. Vaccination is likely to be a minor
contributor. (Rather, the high prevalence of elevated
pertussis titres in the 5-9 years age group likely
reflects subsequent waning of immunity and
re-infection.) The fifth DTP dose was introduced in
Australia in 1994, meaning that all the subjects in this
study aged between 5 and 9 years would have been
eligible to receive this dose. However, due to
the difficulties in ascertaining vaccination coverage
described above, it is problematic to comment on
the role the dose has on pertussis transmission. An
Australian study looking at pertussis notification
found that during 1996, despite an overall increase
in pertussis notifications, the notification rate for 5-
to 6-year-olds remained low, while the 8-9 years
age group had the highest notification rate in that
year [24]. This is consistent with a UK study which
showed that immunization reduced transmission of
pertussis [25].

The smaller peak in the prevalence of high titres
in the >65 years age group probably represents
re-infection after waning immunity. This age group
would not have been eligible for vaccination.
Immunity against symptomatic disease afforded by
vaccination has been described to last from 5 to 10
years [26] while that from natural infection lasts up to
20 years [27]. Over the last decade, the Australian
notification rate of >60-year-olds has increased
from 11-7/100000 in 1993-1998 to 15-4/100000 in
1999-2000 [1, 28]. The cause for this increase in
not entirely understood and may, in part, represent
an increase in diagnosis through heightened doctor
awareness. The data presented here identifies >65-
year-olds as having higher levels of pertussis infection
and potentially disease. The growing role of grand-
parents as carers for young children identifies this
group as a significant reservoir of infection for infants
not yet immunized.

The data presented here are directly comparable
to the European serosurvey by Pebody ez al. [18§]
who reported endemicity of pertussis in six Western
European countries, especially in adolescents, despite
universal immunization programmes. Older children
and adolescents (aged <20 years) had the highest
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prevalence of serological evidence of recent pertussis
infection. High vaccination coverage (>90%) was
associated with a reduction in serological evidence of
recent pertussis infection among individuals aged
<10 years old, with those aged 10-19 years having
the highest proportion of high titres. In contrast, the
European countries with low coverage had the
highest prevalence of high anti-PT IgG in those aged
0-2 years, while adolescents had lower prevalence of
high titres, meaning that those aged <10 years had
the greatest prevalence of serological evidence of
infection. Additionally, they reported evidence for
waning immunity from immunization and natural
infection, and subsequent re-infection. Finally,
the effect of the type of vaccine received on post-
vaccination anti-PT IgG titres were examined,
with high titres being measured at 4-6 weeks follow-
ing whole-cell and at acellular vaccines produced
by Aventis—Pasteur (Sanofi Aventis, Paris, France)
given to infants, and at whole-cell (Aventis—Pasteur)
and acellular [Aventis—Pasteur, Chiron Biocine
(Emeryville, CA, USA) and Wyeth—Lederly (Madison,
NIJ, USA)] vaccines given at 4-5 years of age [18].
Australia shares characteristics of pertussis epi-
demiology with both high- and low-vaccine- coverage
countries in Europe. In the data presented here, per-
tussis was similarly found to be endemic. However,
while epidemiological data from pertussis outbreaks
demonstrates an increase in the medium age of no-
tified cases, [1, 23] it remains that those aged <10 years
are subject to heavy pertussis transmission, with a
significantly higher incidence of high anti-PT IgG
titres compared to those aged >10 years. In terms of
anti-PT IgG titres >125 EU/ml, Australia had the
highest frequency of high titres, over double that of
any of Western European country in the European
study. There are two reasons for this. There was
an Australian-wide pertussis epidemic in 1997, with
a total of 10907 notified cases, which followed a
prolonged period of elevated notifications since
1993 [1]. Additionally, in 1996 to 1998, a locally
made whole-cell vaccine was scheduled for 18-month-
olds and preschoolers. A paper by Stewart et al. [29]
which examined the anti-PT-IgG response to the
receipt of the three primary doses of DTP whole-cell
vaccine, found that the titre increased by ~ fivefold.
However, due to different assays used it is not clear
whether this result is equivalent to an ESEN result
of >125 EU/ml, although the high notification num-
bers for the 5- to 9-year-olds suggests the vaccine
effect is mild. Pebody ef al. demonstrated that a high
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proportion of anti-PT IgG titres >125EU/ml
4-5 weeks after whole-cell vaccines had been
administered [18]. This presumably would have a
similar effect on older children. In contrast, Pebody
et al. showed that the acellular vaccine produced
by GlaxoSmith Kline-Glaxo Wellcome UK Ltd
(Uxbridge, Middlesex, UK), which was used in the
primary course elicited only a small percentage
(8-8 %) of high titres [18].

We described considerable geographic variation
in the seroepidemiology of pertussis. We found some
correlation between seroepidemiology and notifi-
cation by state, but this did not explain all the differ-
ences. Population density is an important factor in the
transmission of pertussis, with transmission being
dependent on proximity [30]. It is not unexpected that
the area with the highest population density (NSW)
had the highest prevalence of serological evidence of
infection. Additionally, the small sample sizes from
the ACT, NT and Tasmania, as well as the relative
isolation of the last two regions, may be responsible
for part of this discrepancy, with NT and Tasmania
having epidemics at different times to the rest of
Australia (see Table 3).

Despite the female predominance of pertussis noti-
fications in the period covered by the study, we found
no significant gender-specific differences in anti-PT
IgG titres, consistent with other serosurveys [6, 7].
Gender-specific differences in pertussis notification
has been described in epidemics in Australia and
internationally [1, 27, 31, 32]. In Australia, between
1993 and 1998 the male:female ratio for notified
pertussis cases was 1:1:2 [1]. The reasons for the dis-
crepancy in gender predominance between notified
and serologically confirmed pertussis cases are not
clear but may be related to gender-specific differences
in the likelihood of notification of cases, presentation
for medical consultation, or the development and
severity of symptoms due to infection.

This study has several limitations. The sample size
calculations were based on the population size of each
region, and the expected rate of pertussis infections in
each age group, leading to small sample sizes from
ACT, Tasmania and NT, as well as in the higher
end of the age range. This could overestimate actual
anti-PT IgG titres in those populations, exaggerating
the importance of pertussis. Differences in the popu-
lation from each state and territory in terms of age
may confound the prevalence of pertussis infection.
The sera used were not from a random community-
based sample, but an opportunistic collection
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from laboratories around Australia [10], potentially
skewing the data towards a sicker population.
However, the serological trends reported here were
consistent in many aspects with serosurveys done
internationally on ‘healthy’ individuals [7, 8], and the
methods used here have been validated for measles
against a prospective, cluster-sampling method which
were found to be representative [12]. The vaccination
status of subjects was unknown, and whilst it is
possible to estimate vaccination coverage of this rep-
resentative population, this is limited for the older
age groups. No information regarding the clinical
picture of individuals whose sera were used here was
collected. While serology can elucidate pertussis
transmission, it has not been possible to use it as a
measure of disease burden. A recent study by Horby
et al. [33] on students involved in a pertussis out-
break in a Sydney boarding school showed that GMT
correlated with symptom severity, suggesting that the
serological cut-offs used here were associated with a
significant disease burden. Studies have demonstrated
the large economic burden that pertussis places
both on the individual and family, as well as the
community at large [34, 35].

Vaccination has reduced the transmission of per-
tussis in the youngest and most vulnerable age group,
however, pertussis is endemic in Australia, particu-
larly in older children and the elderly. The limited
duration of immunity afforded by vaccination with
subsequent infection/re-infection, sustains the circu-
lation of pertussis within the Australian community.
The recent change in the Australian vaccination
schedule, with movement of the fourth dose of
pertussis vaccine from 18 to 48 months and the
final dose to 15-17 years of age in 2004 attempts
to address this problem. A sustained effort needs to
be made to ensure vaccination coverage remains
above 90 % for the benefits of herd immunity, and this
study suggests that future serosurveys have a role in
the evaluation of the impact of this intervention on
pertussis epidemiology in Australia.
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