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Abstract: Objective: To assess whether changes in
vaccination policy have affected the epidemiology
of pertussis in NSW between 1993 and 2005.
Methods: Surveillance data from the NSW
Notifiable Diseases Database was reviewed for the
period. Results: 35695 cases of pertussis were
notified; annual incidence rates varied from 18.4
to 84.2 per 100000 people. The highest rates of
pertussis were consistently found in infants aged
0—6 months. Rates of disease in other age groups
changed markedly over the study period, with high
rates currently observed in adult age groups.
Conclusions: New strategies may be needed to
control pertussis in infants and in adults who now
comprise the largest proportion of cases.

Pertussis, or whooping cough, is a highly contagious
disease caused by the bacteria Bordetella pertussis. The
disease is characterised by paroxysmal cough, inspiratory
whoop and post-tussive vomiting.! Pertussis is transmitted
via direct contact with discharges from the respiratory
tract of infected individuals (probably via droplets), and
the incubation period is 9-10 days on average.> A second-
ary attack rate of 90% has been recorded in non-immune
household contacts.> Worldwide, the incidence of per-
tussis has been reported to be highest in children under
5 years, except where infant vaccination programs have
achieved consistently high vaccination rates.?

In NSW, there have been several changes to the immuni-
sation schedule affecting pertussis vaccination in recent
years. From 1985, a combined whole cell diphtheria,
tetanus and pertussis vaccine (DTPw) was included in the
immunisation schedule at ages 2, 4 and 6 months, with a
booster at 18 months.? In 1994, a fifth dose was introduced

10.1071/NB07068

into the schedule, which was given before school entry
(at 4-5 years). In 1997, the fourth and fifth doses of DTPw
were replaced by an acellular formulation (DTPa —
diphtheria, tetanus, acellular pertussis) and in 1999, all
five doses were given as DTPa.* In 2004, an adolescent
booster vaccine (dTpa — diphtheria, tetanus, acellular per-
tussis) was introduced for 15—17 year olds and in NSW
this was offered to all 11-18 year olds as part of the school
based immunisation program. Also in 2004, the booster
for 18 month olds was no longer recommended.?

Under the NSW Public Health Act 1991, cases of pertussis
are notified by doctors, hospitals, laboratories, schools
and childcare facilities.> Prior to January 2006 public
health unit staff routinely followed up all reported cases of
pertussis; since January 2006 only cases aged less than
20 years are investigated.

We conducted a descriptive study to assess the impact of
changes to vaccination policy on pertussis epidemiology
in NSW.

Methods

We reviewed surveillance data from the NSW Notifiable
Diseases Database (NDD) for the period 1 January 1993 to
31 December 2005. For our review, a case of pertussis was
defined according to the national case definition.®

Annual notification rates were calculated using mid year
population estimates from the Australian Bureau of
Statistics. Notification rates and frequencies were calcu-
lated using SAS (version 8.2 SAS Institute, Cary, NC,
USA). Cases were analysed by date of onset, method of
diagnosis, area of residence, age group, gender and
mortality. Data on mortality were taken from NDD. Age
groups analysed were: 0—6 months, 7-11 months, 1-4
years, 5—11 years, 12—17 years, 1824 years, 2544 years,
45-64 years and 65 years and older. Age groups were
chosen to reflect ages at which vaccination occurs and
stages of adulthood.

To assess the impact of changes in vaccination policy on
age specific disease incidence, the above case characteris-
tics were compared over 5 time periods:

(1) before the introduction of the fifth dose (1993-94)
(2) after the introduction of the fifth dose (1995-98)
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after the introduction of acellular vaccines for all
five doses (1999-2003)

during the school-based adolescent booster
campaign (2004) and

after the introduction of the adolescent booster (2005).
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Results

From 1 January 1993 to 31 December 2005, a total of
35695 cases of pertussis were reported in NSW (an
average of 2746 cases each year). Fig. 1 displays the
number of notifications during the study period; notifica-
tions peaked seven times, in November 1993, November
1997, September 2000, August 2001, November 2003,
September 2004, and in August 2005.

Annual incidence rates per 100000 people ranged from a
low of 18.4 in 1996 to a high of 84.2 in 2005. The overall
incidence rate over the 13 years was 42.8 per 100000
people. Incidence rates varied widely between Area Health
Service of residence and by year of notification.
Metropolitan Sydney had an incidence rate of 39.8 per
100000 people, compared with 47.1 for the rest of NSW.
Of all notified cases, females comprised 56.1% and males
43.7%. There was a slight increase in the proportion of
female cases reported over time, and in 2005 this reached
its highest at 60%.

Table 1 displays the number of pertussis cases and inci-
dence for the five periods studied, and also provides these
figures by gender, age group, method of diagnosis, loca-
tion of residence and number of deaths. Fig. 2 displays the

incidence rates of pertussis per 100000 people for six age
groups by the study periods, and Fig. 3 displays the pro-
portion of pertussis cases by age group and study period.
These results are further described below.

1.1993-94

In the 1993-94 period, 2938 pertussis cases were notified
(incidence rate, 24/100000). The highest notification rates
were in infants aged 0—6 months followed by infants aged
7—11 months and children aged 5-11 years. The lowest
notification rates were in those aged 65 years and older.
The predominant method of diagnosis was serology. No
deaths were recorded during this period.

2.1995-98

Between 1995 and 1998, 9078 cases of pertussis were
notified (incidence rate, 35.9/100000). The highest notifi-
cation rates were in infants aged 0—6 months, followed by
primary school age children (5—11 years), and adolescents
aged 12—-17 years. Compared with 1993-94, rates in all
adult age groups increased, rates in school age children
increased (by approximately 50%) and rates in infants
aged 7-11 months decreased. Rates in children aged
1-4 years old showed almost no change. In 1995-98 the
predominant method of diagnosis was serology. Five
deaths were recorded in infants aged less than 12 months
of age, two of whom were less than 1 month old.”

3.1999-2003

Between 1999 and 2003, 14317 cases of pertussis were
notified (incidence rate, 43.1/100000). The highest rates
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Fig. 1. Number of pertussis notifications by month of onset, NSW, 1993-2005.
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were in infants aged between 0—6 months, followed by
adolescents and primary school age children. Compared
with 1995-98, rates in children aged 5—11 years decreased
by 38%. Rates in children aged between 1-4 years and in
infants aged between 0—6 months also decreased, and rates
in cases aged over 11 years increased, mainly in 12—17
year olds (by 109%). Two-thirds of cases were diagnosed
by serology and 12% were diagnosed by both polymerase
chain reaction (PCR) and culture (PCR was introduced as
a diagnostic method in 1999). Three deaths were recorded;
one in a 2-month-old infant and two in adults aged 75 and
78 years.

4.2004

In 2004, there were 3563 cases of pertussis (incidence
rate, 52.3/100000). The highest rates were in infants aged
0—6 months, followed by adolescents and adults aged
45—64 years (for the first time, rates in an adult age group
became the third highest). Rates in other adult age groups
also increased, most notably in adults aged 65 years and
over, where rates increased by 134%. Just over three-
quarters of notifications were diagnosed by serology and

Pertussis in New South Wales

13% by PCR. There was one death due to pertussis in a
95-year-old person.

5.2005

In 2005, 5799 cases of pertussis were notified (incidence
rate, 84.2/100000). Highest notification rates were in
infants aged 0—6 months, followed by adults aged 45-64
years and adults aged 25-44 years. Compared to 2004,
rates decreased by over 50% in adolescents and by 32% in
children aged 5—11 years. Rates increased for all adult age
groups and for children under 1 year of age, when com-
pared to 2004. In 2005, almost all cases (85%) were diag-
nosed by serology while 7% were diagnosed by PCR. No
deaths were recorded in 2005.

Discussion

The age distribution of pertussis notifications in NSW
changed over the study period. In 1993-94, approximately
one-third of cases occurred in adults, by 2005 this had
increased to almost 90% (Fig. 3). The incidence of per-
tussis in children aged less than 12 years declined, except
for 0—6 month olds where there was a slight increase

Table 1. Characteristics of pertussis cases in NSW, 1993-2005, by study periods
1993-94 1995-98 1999-2003 2004 2005
n % Rate/ n % Rate/ n % Rate/ n % Rate/ n % Rate/
100000 100000 100000 100000 100000

Gender

Male 1362 464 227 4089 45.1 33 6360 444 39.1 1500 42.1 448 2295 396 67.8

Female 1572 535 259 4942 547 396 7955 55.6 482 2061 578 609 3496 603 1023

Unknown 4 0.1 - 20 0.2 - 2 0 - 2 0.1 - 8 0.1 -
Age group”

0-6 months 183 6.2 208.1 411 4.5 237.3 464 3.2 216.5 71 2 1644 94 1.6 218.1

7-11 months 65 22 739 69 0.8 398 88 06 41.1 16 04 37.1 22 0.4 51

1-4 years 347 11.8 493 694 7.6 49.2 647 45 37.1 157 44 46.2 152 26 448

5-11 years 884 30.1 73.6 2670 294 1086 2139 149 676 205 58 329 141 2.4 22.5

12-17 years 379 129 377 1225 135 593 3324 232 124 503 14.1 92 223 38 404

18-24 years 133 45 10.2 479 53 19.2 799 5.6 26 236 6.6 36.7 423 7.3 65.8

25-44 years 568 19.1 153 2007 22.1 26.2 3471 242 352 970 27.2 49.2 1900 32.8 96.1

45-64 years 267 9.1 108 1134 125 212 2614 183 346 1023 287 634 2080 359 1254

65+ years 112 38 7.5 389 43 123 770 54 18 382 10.7 421 764 13.2 829
Method of diagnosis

Serology 1364 46.4 - 5533 60.9 - 9541 66.6 - 2728 76.6 - 4952 854 -

PCR 0 0 = 0 0 - 1747 122 = 478 13.4 = 405 7 =

Clinical 30 1 - 556 6.1 - 1755 123 - 227 64 - 182 3.1 -

Culture 183 6.2 - 339 37 - 260 1.8 - 21 0.6 - 23 0.4 -

Other/unknown 1361 46.4 - 2650 293 - 1014 71 - 109 3.1 - 237 4.1 -
Residence

Metro Sydney 1602 54.5 227 4866 53.6 332 7158 50 37.1 2109 59.2 53.1 3791 654 943

Other NSW 1336 455 26.7 4211 464 41 7159 50 532 1454 408 52.7 2008 34.6 72.1
Deaths 0 0 0 5 0.05 0.02 3 0.02 0 1 0.03 0 0 0 0
Total 2938 9078 14317 3563 5799

AOne person in 1999-2003 had age group missing.
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(Fig. 2). This increase occurred despite the introduction of
a fifth dose, an adolescent booster vaccination and the
introduction of acellular vaccinations.

Infants aged 0—6 months are at greatest risk of pertussis
because they are partially immunised; for example, the
effectiveness of acellular pertussis vaccines in preventing
hospitalisation of children aged 2—-32 months has been
demonstrated to be 68.1% after one dose of vaccine,
91.8% after the second dose, and 99.8% after three doses.®
In addition, the protective efficacy of three doses of
acellular vaccine is approximately 84%.° Higher rates
observed in infants in 2005 may reflect epidemic activity;
pertussis epidemics typically occur every 3—4 years in
NSW and the last recorded epidemic was between
2000-02.'° Higher rates in infants may also be due to
infants being infected by older adults. Rates of pertussis
have increased in all adult age groups aged 18 years and
older. There was a decrease in rates in high school aged
children (12—17 years) after the introduction of the ado-
lescent school-based immunisation program in 2004.

In countries with high immunisation rates, a greater pro-
portion of pertussis cases are now presenting in adults and
adolescents.!!1213 Tn the United States from 1994-96 to
1997-2000, incidence rates in adolescents and adults
increased by 62% and 60%, respectively.!* In Canada from
1993-98, the proportion of pertussis cases in adults
steadily increased'® and in 2000 for the first time in two
decades, 10—14-year-old children represented a larger pro-

portion of cases (34%) and had a higher incidence of per-
tussis than infants or preschool age children (13%).'> In
Europe, recent pertussis infection was found to be signifi-
cantly more likely in adults and adolescents in countries
with high immunisation rates.'> A trend towards pertussis
occurring in older age groups has also been documented in
NSW in the Hunter/New England Area Health Service.!¢

Despite high vaccination rates in many countries, pertus-
sis continues to circulate.? Reasons for this include:
waning immunity following both natural infection and
immunisation,'?%-21-22 increased recognition of pertussis
in adolescents by physicians,! increased use of serology
and PCR testing,!! improved surveillance,' in some coun-
tries the use of a poorly protective vaccine resulting in
cohorts of susceptible people,!''> and of course, a real
increase in pertussis.!®?! The relative contribution of these
factors in NSW is unclear, but it is likely to be a combina-
tion of many of these factors. From 1995-2004, DTP vac-
cination rates at age 12—15 months in NSW have ranged
from 83.3% in 1998 to 92.5% in 2004.23-24

The increase in pertussis in adolescents and adults in NSW
is of concern because they may serve as reservoirs of
infection for partially immunised infants.!320-21.25 In
studies from the United States,?¢ France,?’ the United
Kingdom?® and Australia®® parents were identified as the
source of infection for 34-47% of infections in infants.
Further, studies from several countries including Canada,
Denmark, and France indicate that up to 32% of adults and
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Fig.2. Incidence rates of pertussis/100000 people by age group at onset and the introduction of changes to the vaccination

schedule, NSW, 1993-2005.
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adolescents with a coughing illness of at least 1 week’s
duration have pertussis.’®3! This proportion may change
depending on the nature of pertussis activity at the time;
during pertussis epidemics this may be higher than at other
times. Unpublished NDD data on 15 NSW children aged
under 12 months indicates that although for half the source
of infection was unknown, an adult was identified as a
potential source of infection in 13% of cases and young
children in 33%. No adolescent was identified as a source.

In recognition of the rising incidence of pertussis in ado-
lescents and adults, and the role they may play in trans-
mission to infants,!” Australia, Austria, Canada, France
and Germany have incorporated an adolescent booster
into their immunisation schedules,!® and it is now recom-
mended in the USA."

There are several limitations to this analysis. First, labora-
tory notification of pertussis began in 1991 and data
quality may have improved over time, therefore later data
may be more complete than earlier data. Second, following
substantial increases in pertussis notifications based on
serological testing in 2005, a review of the antibody test
was carried out.?? The reviewers concluded that the use of
the antibody test was likely to have resulted in over diag-

Fifth
dose

DTPa

Pertussis in New South Wales

nosis of pertussis.3? In 2005, 85% of cases were diagnosed
using serology and there may have been an over diagnosis
of pertussis in this year, particularly in adults.

Serology as a diagnostic method is not recommended in
children less than 2 years of age due to its low sensitivity
in this age group.” PCR, however, is largely replacing
culture for the diagnosis of pertussis.>3? Because PCR and
serology are more likely than culture to be positive in both
adults and older children with pertussis, the increased
availability and use of PCR and serology may contribute to
an increase in pertussis cases that may have otherwise
been undiagnosed.'!33

In NSW, pertussis may now be regarded as a disease pri-
marily of adults although the severest outcomes remain for
infants and potentially the elderly. One-third of cases in
2005 occurred in people of childbearing age, and this may
pose a risk to unimmunised infants. Rates in adults
increased 5-13 fold over the study period, and have
increased the most in adults aged 45-64 years; this is of
concern as these people may be providing childcare for
children or grandchildren. A lack of natural boosting due
to less exposure to pertussis may contribute towards
waning immunity in adults.3! Females now comprise 60%

Adolescent booster,
school program
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Fig.3. Proportion of pertussis cases by age group at onset and study period in NSW, 1993-2005.
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of cases and, in their roles as mothers and grandmothers,
may pose a risk to infants. Females also make up a large
proportion of the health care and childcare workforce,
thereby potentially posing an additional risk to infants in
child care or health care settings. More data would be
useful on the source of infection for infants aged less than
12 months in NSW to assess the impact of adolescent vac-
cination on those infants. In unpublished NDD data, the
source of infection in over 50% of cases aged less than 12
months in 2006 was unknown.

The National Health and Medical Research Council rec-
ommends a booster vaccine for: adolescents; adults before
planning pregnancy or as soon as possible after delivery of
an infant; adults working with young children (especially
for child care workers and health care workers); and adults
who express an interest in receiving a booster dose of dTpa
(provided that they have received a full course of DTP).3*
Further, the NSW Department of Health policy states that
all employees and other clinical personnel who have
contact with clients should receive a dose of an acellular
pertussis containing vaccine.

Conclusion

Rates in infants aged less than 12 months, who are at
greatest risk of severe disease and death, have not
decreased over the thirteen year study period despite
changes to the immunisation schedule. Other strategies
may be required to effectively control pertussis in this age
group. Vaccination of adolescents in the school based
immunisation program may continue to influence rates of
disease in infants,3 but strengthening of immunisation in
new parents,>’% child care and health care workers,’
adults planning a pregnancy®’ as well as grand parents,
should be considered further to both decrease rates of
disease in infants and reduce morbidity in adults.
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A Decisive Decade in Immunisation

The National Centre for Immunisation Research & Surveillance (NCIRS) is pleased to announce its 10th Anniversary,
which will be celebrated with a 1-day conference on Wednesday 18 July 2007 titled ‘A Decisive Decade in
Immunisation’This will be followed by a dinner.

The conference will be held in conjunction with the 2nd National Immunisation Workshop and will feature prominent
international guest speakers including Professor Scott Halperin from the Canadian Center for Vaccinology and
Professor Heinz-Josef Schmitt from Johannes Gutenberg University, Germany.

The venue is The Refectory, The University of Sydney. Details regarding these events including programs for both days
and registration forms can be found at http://www.ncirs.usyd.edu.au/ or call or email Joanne Perkins
(Ph:(02) 9845 1433, Email:joannep3@chw.edu.au) for further information.
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