— Taylor & Francis
Taylor & Francis Group

EXPERT

REVIEW Expert Review of Vaccines

OF VACCINES

ISSN: (Print) (Online) Journal homepage: https://www.tandfonline.com/loi/ierv20

The need for pertussis vaccination among older
adults and high-risk groups: a perspective from
advanced economies of the Asia Pacific region

Leong Hoe Nam, Cheng-Hsun Chiu, Jung Yeon Heo, Margaret Ip, Ki-Suck
Jung, Robert Menzies, Rodney Pearce, Philippe Buchy, Jing Chen, Michael
Nissen & Kyu-Bin Oh

To cite this article: Leong Hoe Nam, Cheng-Hsun Chiu, Jung Yeon Heo, Margaret Ip, Ki-Suck
Jung, Robert Menzies, Rodney Pearce, Philippe Buchy, Jing Chen, Michael Nissen & Kyu-

Bin Oh (2021) The need for pertussis vaccination among older adults and high-risk groups: a
perspective from advanced economies of the Asia Pacific region, Expert Review of Vaccines,
20:12, 1603-1617, DOI: 10.1080/14760584.2021.1990759

To link to this article: https://doi.org/10.1080/14760584.2021.1990759

8 © 2021 GlaxoSmithKline Biologicals SA. ﬁ Published online: 22 Nov 2021.
Published by Informa UK Limited, trading as
Taylor & Francis Group.

\]
(& submit your article to this journal il Article views: 2119

A
& View related articles (3 ® View Crossmark data &'

CrossMark

@ Citing articles: 1 View citing articles &

Full Terms & Conditions of access and use can be found at
https://www.tandfonline.com/action/journalinformation?journalCode=ierv20


https://www.tandfonline.com/action/journalInformation?journalCode=ierv20
https://www.tandfonline.com/loi/ierv20
https://www.tandfonline.com/action/showCitFormats?doi=10.1080/14760584.2021.1990759
https://doi.org/10.1080/14760584.2021.1990759
https://www.tandfonline.com/action/authorSubmission?journalCode=ierv20&show=instructions
https://www.tandfonline.com/action/authorSubmission?journalCode=ierv20&show=instructions
https://www.tandfonline.com/doi/mlt/10.1080/14760584.2021.1990759
https://www.tandfonline.com/doi/mlt/10.1080/14760584.2021.1990759
http://crossmark.crossref.org/dialog/?doi=10.1080/14760584.2021.1990759&domain=pdf&date_stamp=2021-11-22
http://crossmark.crossref.org/dialog/?doi=10.1080/14760584.2021.1990759&domain=pdf&date_stamp=2021-11-22
https://www.tandfonline.com/doi/citedby/10.1080/14760584.2021.1990759#tabModule
https://www.tandfonline.com/doi/citedby/10.1080/14760584.2021.1990759#tabModule

EXPERT REVIEW OF VACCINES Tavlor & F .
2021, VOL. 20, NO. 12, 1603-1617 aly or . rancis
https://doi.org/10.1080/14760584.2021.1990759 Taylor &Francis Group

REVIEW a OPEN ACCESS W) Check for updates

The need for pertussis vaccination among older adults and high-risk groups: a
perspective from advanced economies of the Asia Pacific region

Leong Hoe Nam?, Cheng-Hsun Chiu®, Jung Yeon Heo*, Margaret Ip j, Ki-Suck Junge, R9bert Menzies',
Rodney Pearce?, Philippe Buchy ©", Jing Chen @", Michael Nissen @" and Kyu-Bin Oh™

3Infectious Diseases, Mount Elizabeth Novena Hospital, Singapore, Singapore; *Department of Pediatrics, Chang Gung Memorial Hospital, Chang
Gung University College of Medicine, Taoyuan, Taiwan; “Department of Infectious Diseases, Ajou University School of Medicine, Suwon, Republic of
Korea; Department of Microbiology, The Chinese University of Hong Kong, Hong Kong, The People’s Republic of China; Department of Internal
Medicine, Hallym University Sacred Heart Hospital, Anyang, Republic of Korea; fSchool of Population Health, University of New South Wales,
Sydney, Australia; 9Medical HQ GP Family Practice, Crafers, Australia; "GSK, Singapore, Singapore

ABSTRACT ARTICLE HISTORY
Introduction: Influenza and pneumococcal vaccines are the most regularly prescribed vaccines Received 4 March 2021
amongst adults <65 years of age. Pertussis booster vaccines (available as combined diphtheria-teta- Accepted 5 October 2021

nus-acellular pertussis, Tdap) uptake is relatively low in many countries in the Asia-Pacific region.
Increasing Tdap vaccination is a strategy that may aid healthy aging.

Areas Covered: Epidemiology data, including notification reports from 6 advanced economies in Asia
(Australia, Hong Kong, New Zealand, Singapore, South Korea, and Taiwan) were reviewed to assess the
pertussis disease burden and identify high-risk groups. Existing Tdap vaccination recommendations
were reviewed. Current vaccination practices were discussed to benchmark and identify barriers and
success factors for Tdap booster vaccination in older adults.

Expert Opinion: The available evidence supports Tdap vaccination at an individual level for the
prevention of pertussis, along with tetanus and diphtheria in those aged 65+ years, together with
influenza and pneumococcal vaccination. Data gaps need to be filled to support the development of
national/supranational recommendations for pertussis booster vaccination. Groups at higher risk of
pertussis infection and its complications, including those with chronic obstructive pulmonary disease
and asthma, could be considered as priority groups. Increasing disease awareness and establishing
adult vaccination registries could improve vaccine coverage and promote healthy aging.

PLAIN LANGUAGE SUMMARY

Pertussis, also called whooping cough, is a common disease in adults. However, how it affects adults in
some countries in the Asia-Pacific region is not well understood. In 2019, a panel of experts met to
review the available information on adult cases of pertussis in Australia, Hong Kong, New Zealand,
Singapore, South Korea, and Taiwan. Here, we present the outcomes of the meeting. Pertussis is
increasingly reported in the Asia-Pacific region, including cases diagnosed in adults. The diagnosis
may be missed in countries where awareness is still low and/or it is not tested routinely. The experts
concluded that physicians should consider recommending pertussis vaccination to older adults (aged
65 or older) on an individual basis, as well as people with asthma or chronic obstructive pulmonary
disease, who appear to be at higher risk of severe pertussis. Uptake of pertussis vaccination in adults
could be improved by increasing awareness of the vaccines available and vaccination infrastructure for
this age-group. Some of the measures proposed were as follows: improved access to vaccination;
personalized reminders when vaccines are due; and more education about pertussis in adults for
doctors, nursesnurses, and patients. The experts also proposed setting up adult vaccination registries
for tracking and evaluation of vaccine uptake. This expert opinion might help the healthcare commu-
nity build action plans to recognise the burden of the disease and increase rates of vaccination among
adults. In addition, better data on the disease burden would help to generate awareness.

KEYWORDS
adults; healthy aging;
pertussis; Tdap; vaccination

1. Introduction
degenerative diseases and cancers, as individuals’ age [2].

Enabling life-long well-being has become a key focus for
preventative medicine in the 21st century.

Healthy aging is defined by the World Health Organization
(WHO) as ‘the process of developing and maintaining the func-
tional ability that enables well-being in older age’ [3], and long
term health contributes to improved quality of life and

As life-expectancy lengthens, the proportion of the global
population aged 65+ years is increasing and in 2018, the
global population of 65+ year-olds outnumbered the global
population of children aged <5 years for the first time [1]. An
aging population brings a high cost to healthcare systems as a
result of increased susceptibility to infections, chronic
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Article highlights

o Burden of pertussis has been increasing in older adults, but the true
burden is not well understood in countries in the Asia-Pacific region

o There is a need for evidence generation on the risk and burden as
well as impact of pertussis among older adults.

e Increasing awareness on pertussis would be helpful to capture the
disease burden and experts proposed measures to increase aware-
ness about vaccination and suggested tracking and evaluating vac-
cine uptake.

e Based on currently available data, vaccination against pertussis for
older adults (aged 65 or older) at individual level is recommended as
well as patients with COPD or asthma.

e This expert opinion might help the healthcare community build
action plans to achieve these goals

productivity, particularly as the retirement age is extended
and a higher proportion of older adults continue to work
into later life. Maintaining an adaptive and resilient immune
system able to respond to external challenges with appropri-
ate immune responses [4] is crucial to healthy aging. External
influences that can positively impact immune fitness include
diet, exercise, avoidance of toxins such as smoking, and vacci-
nation [5].

The year 2020 has commenced with the coronavirus dis-
ease 2019 (COVID-19) pandemic , which is taking its greatest
toll on older adults [6,7]. The current situation illustrates the
public health importance of vaccination with clarity. These
circumstances may challenge the sense of complacency result-
ing from the success of vaccines in virtually eliminating some
previously disabling or deadly diseases [8].

Preventing infectious disease through vaccination of older
adults can have marked benefits in terms of averting acute
deterioration in quality of life and reducing hospitalizations
and antibiotic use [9]. However, the uptake of vaccines by
adult populations is typically low and adult vaccination has
rarely, if ever, reached its full potential as a public health
intervention [10,11]. Thus, there is an unmet medical need
for improved prevention of infectious diseases including per-
tussis that may impact older adults.

Pertussis (whooping cough) is one of the vaccine-preven-
table diseases that continues to cause a substantial public
health burden in all age-groups. The resurgence in pertussis
disease over the last 3 decades coincided with improved
disease awareness amongst healthcareprofessionals and the
general population, and improved sensitivity of diagnostic
tests. Additionally, increased use of acellular pertussis vaccines
and waning immunity in older populations are also believed
to have contributed to increasing pertussis incidence rates
[12,13]. Protection wanes more rapidly following vaccination
with acellular pertussis vaccines than after vaccination with
whole-cell vaccines and, although effective in preventing dis-
ease, it is shown to be less effective in terms of preventing
infection and transmission [12,13]. Preventing pertussis in
infants too young to be vaccinated, who carry a high disease
burden, and in whom pertussis may be fatal, has drawn much
attention. Maternal pertussis immunization programs are
highly effective in addressing this need [14]. Pertussis,

BOX 1 Conclusions and recommendations of the Expert Advisory Panel

e Pertussis is circulating among older adults in countries in Asia Pacific region.
Despite data gaps, it is clear that burden of pertussis is underestimated.

e The current level of evidence is considered strong enough to have ‘individual’
recommendations (physician to patient) for pertussis vaccination of adults
aged 65+ years

o Existing evidence is not strong enough to support recommendation of Tdap
vaccination among all adults/high-risk groups. More data are required in
terms of

¢ Incidence/notification of pertussis, especially in specific populations

o Cost of hospitalization and social economic impact

e Impact on frailty and antibiotic resistance

o Complications of pertussis including cardiac events, cerebral hemorrhage

e Discussions with patients about Tdap vaccination can be combined with
those on influenza and pneumococcal disease vaccination.

e It is reasonable to consider that patients with chronic respiratory diseases
might be at higher risk of severe pertussis disease and of exacerbations of
underlying disease. It would be reasonable to implement pertussis vaccina-
tion in these patients.

e Cancer patients on chemotherapy and patients with cardiovascular disease
and chronic kidney disease could be the next priorities.

o Key factors for successful implementation could include:

¢ Providing Tdap vaccine to older adult patients as the standard of care by
GPs as a starting point

o Establishing an Immunization Registry for adult vaccinees.

e Formulation of a ‘Healthy Aging Vaccination Package.’.

however, remains an under-recognized disease in older adults
that can result in hospitalization, rib fractures, incontinence,
weight loss, secondary respiratory infection, intra-cerebral
hemorrhage, and death [15].

Even though knowledge of the burden of pertussis disease
within the Asia-Pacific region is incomplete, understanding the
disease burden of pertussis and improving vaccine coverage
amongst older adults could provide significant benefits to
Asia-Pacific populations in terms of healthy aging.

Here, we review the current recommendations on reduced-
antigen-content diphtheria-tetanus-acellular pertussis (Tdap)
vaccination and the burden of pertussis amongst older adults
using available notification data from 6 countries/regions with
advanced economies in the Asia-Pacific, and the high-risk
groups that need vaccination. We present the outcomes of
an Expert Advisory Panel meeting (held 25 July 2019 in
Singapore, sponsored by GlaxoSmithKline Biologicals SA
[GSK]) including prioritization of high-risk groups for pertussis
vaccination and exploration of barriers and success factors for
optimal vaccination coverage. Key conclusions of the Expert
Advisory Panel are summarized in Box 1.

2. Vaccine preventable disease in older adults

2.1. Burden of vaccine preventable disease and
vaccination coverage rates in older adults

Vaccine-preventable infections remain a common cause of
morbidity and mortality in older adults. In the United States
(US), the number of deaths due to vaccine-preventable dis-
eases in 2009 was 350 times higher in adults than in children
[16]. In Australia, the burden of vaccine-preventable diseases
in those aged 65+ years increased between 2005 and 2015,
primarily due to an increase in cases of influenza and herpes



zoster [17]. All deaths due to tetanus over this 10-year period
in Australia occurred in persons aged 75+ years. In South
Korea, deaths due to infectious diseases decreased over a
32-year period from 1983 to 2015 in all age-groups except
65+ year-olds, in whom the mortality rate per 100,000 popula-
tion from infectious diseases increased from 135 in 1996 to
307 in 2015 [18].

Vaccines that may be recommended for use in older adults
are those targeting pneumococcal disease, influenza, herpes
zoster, diphtheria, tetanus, and pertussis.

Influenza vaccines have long been recommended for the
65+ year-old risk group, yet annual vaccine coverage of adults
aged 65+ years was 47.6% in Finland, 55.7% in Spain and
72.6% in the United Kingdom in 2017, and 73.5% in the US
in 2014-2015 [19,20]. In Asia-Pacific countries, influenza vac-
cine coverage is similarly varied; 32.7% of 65+ year-old per-
sons with disabilities in Taiwan [21]; 49.1% of 65-74 year-olds
in Hong Kong [22]; and 74.6% of 65+ year-olds in Australia
[23]. Tdap booster vaccines for adults have been available for
several decades, but vaccination rates in adults of all ages
remain suboptimal, even in countries with existing recommen-
dations. For example, in Australia, pertussis booster vaccina-
tion uptake amongst adults was 11.3% in 2009 and up to
44.2% in the at-risk groups of parents and family members
of newborns, childcare, and healthcare workers [23].

2.2. Pertussis in older adults

Mortality due to pertussis in adults aged 60+ years ranks
second only to mortality due to pertussis in infants and
young children [24,25]. Despite a sizeable disease burden,
few studies describe the burden of pertussis disease in older
adults [15]. Studies from Australia, the US and Canada pub-
lished between 2000 and 2006, found that more than 80% of
adults with pertussis experienced paroxysmal cough, and that
post-tussive vomiting occurred in approximately 50% of all
adults, among whom 27% were aged 65+ years [26-28]. In a
Canadian study, pneumonia complicated 9% of the pertussis
cases detected in adults aged 50+ years and 34% of women
aged 50+ years developed urinary incontinence [26]. A more
recent review reported that up to 86% of adults and adoles-
cents experience apnea associated with pertussis, up to 33%
experience weight loss, and up to 28% experience urinary
incontinence [29]. Up to 12% of adults with pertussis require
hospitalization [30], and the risk of hospitalization increases
significantly with age [31,32]. Compared to 45-54 year-olds
with pertussis, the risk of hospitalization increased 5.4-fold in
those aged 65-74 years, and 8.9-fold after the age of 75 years
[31]. Older persons who were overweight, who had a history
of smoking and pre-existing asthma were also at higher risk
for pertussis-related hospitalization [31,32]. Among 41 patients
aged 65+ years hospitalized with pertussis in the US, 36.6%
had pneumonia, 10% required intensive care, and 90% had at
least 1 underlying comorbidity, including asthma (27% of
patients), obesity (39%), diabetes (32%), or a cardiac condition
(29%). One patient died [25]. When deaths due to pertussis
occurred in older adults, intracranial hemorrhage was fre-
quently implicated [33,34].
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Pre-existing asthma and chronic obstructive pulmonary
disease (COPD) appear to be risk factors for pertussis in all
age-groups. Two studies from the US, including a case-control
study conducted during a pertussis outbreak in California
between 2004 and 2005 and a claims database cohort study,
found that asthma was associated with an approximately 1.8
to 3.9- fold increased risk of pertussis [35,36]. The risk of
pertussis disease in individuals with COPD was 2.5-fold higher
than matched controls without asthma or COPD [36]. A review
of the literature found that pertussis symptoms were more
severe and hospitalization rates higher in individuals with
COPD, asthma, obesity, or immunodeficiency, and in smokers
[371. A study of 26 patients with acute COPD exacerbations in
Switzerland found serological evidence of Bordetella pertussis
or B. parapertussis infection in 8 patients (31%), suggesting
that in this small group, pertussis was an important trigger of
COPD exacerbations [38].

Pertussis disease can therefore have marked negative
impacts on quality of life and daily functioning in older per-
sons, potentially exacerbating other underlying conditions
such as COPD and asthma. Little is known whether pertussis
disease can adversely impact other co-morbidities such as
cardiovascular disease or diabetes [26,39], or whether pertus-
sis disease contributes to weight loss and increased frailty in
older persons. Older adults can serve as a reservoir of pertussis
infection and transmission to other age groups, particularly
vulnerable infants too young to be vaccinated [40]. Although
acellular pertussis vaccines do not completely prevent infec-
tion and transmission, cocooning strategies in which parents
and caregivers are vaccinated have been shown to reduce
infection in infants [41-44].

Several methods for laboratory diagnosis of pertussis infec-
tion are available. The time from the onset of a cough to when
the patient presents to a healthcare professional is important
in the choice of diagnostic test [45]. Culture has high sensitiv-
ity when samples are collected during the first 2—3 weeks of
cough when bacteria are still present in the nasopharynx, but
has low specificity [45,46]. For coughs of less than 3 weeks
duration, real-time polymerase chain reaction (PCR) is more
sensitive than culture but less specific [45,46]. Both methods
can be problematic in adults, who rarely present to a health-
care professional until a cough has persisted for several weeks
[45]. Indirect diagnosis can be done by serology testing to
detect anti-pertussis toxin (PT) antibodies in serum after 2
—3 weeks of cough, and in-house assays developed by refer-
ence centers or commercial kits recommended by the WHO
are available [47]. The PT antigen is specific to B. pertussis [45].
Diagnosis is based on the identification of a significant rise in
anti-PT antibodies in paired serum samples collected during
the early phase of the illness versus 1 month later [47]. In a
single serum sample, a recent infection is indicated by a high
anti-PT antibody concentration in unvaccinated individuals
[47]. However, serology testing cannot distinguish between
antibodies resulting from natural infection or from vaccina-
tion, and cannot be used in people vaccinated within 1 year
before contracting infection [47]. Adoption of serology testing
together with real-time PCR as diagnostic options in daily
practice would be helpful to accurately determine the true
incidence of pertussis in adults.
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Figure 1. Pertussis notification data from 6 countries in the Asia-Pacific region Pertussis notification data (number of notifications) from 2001 onwards from
government websites of Australia [48], New Zealand [49], Hong Kong [50,63], Singapore [51], South Korea [52] and Taiwan [53,54]. Data presented by age-group

where available.

3. Burden of pertussis disease in Asia-Pacific
countries

Pertussis notification data from 2001 onwards from govern-
ment websites of Australia [48], New Zealand [49], Hong Kong
[50], Singapore [51], South Korea [52], and Taiwan [53,54] were
extracted and reviewed. Additional published information
about pertussis epidemiology was interrogated non-system-
atically for countries with low pertussis notification rates. The
diagnosis of pertussis is confirmed by culture, PCR or serolo-
gical testing in Australia, New Zealand, and Singapore and by
culture or PCR in Hong Kong, Taiwan, and Korea [55-60]. For
context, the pertussis vaccination schedules for children and
adolescents in each country are shown in Table 1.

3.1. Australia

Since 2001, pertussis notifications have followed a character-
istic cyclic pattern with peaks occurring approximately every
4 years (Figure 1) [48]. Since 2010, between 12,225 and 38,747
pertussis cases have been notified annually. The highest num-
ber of notifications was in children between 5-14 years of age
who accounted for 27.2-41.8% of notifications each year.
Since 2010, the number of pertussis notifications in adults
aged 60+ years in Australia has ranged from 1289 cases in
2018, to approximately 5500 cases each during 2010 and 2011,
which were outbreak years. Pertussis in 60+ year-olds
accounted for between 10.7% and 19.3% of all pertussis noti-
fications between 2010 and 2018. During the 2008-2011
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pertussis outbreak in Australia, the mean annual incidence of
pertussis in adults aged 65+ years was 86.0 per 100,000 popu-
lation, with a peak of 124.8 per 100,000 population [61]. A
seroprevalence study on a nationally representative sample of
sera collected between 1997 and 1998 found that recent
pertussis infection was highest in 5 — 25 years and =65 years
age groups [62]. Approximately 13% of adults =65 years of age
had titers of anti-PT antibodies indicative of recent infection,
likely representing reinfection following waning immu-
nity [62].

The hospital admission rate for pertussis in adults aged 65
+ years was 4.9 per 100,000 population between 2006 and
2012, which was higher than any age-group over 4 years [61].
The median length of hospital stay in older adults was 7 days
versus 4 days in <6 month-olds and 2 days in those aged
6 months to 4 years [61]. In 2008-2009 during a pertussis
outbreak in New South Wales, 13% of all hospitalizations for
pertussis were adults aged 60+ years and 4% of all cases
required admission to intensive care units [64]. Other surveil-
lance data from New South Wales found that hospitalization
rates for pertussis infection in adults were age-dependent,
increasing from 0.7 per 100,000 person-years in 45-64 year-
olds, to 4.3 per 100,000 person-years in 65-74 year-olds, and
54 per 100,000 person-years in 75+ vyear-olds [32].
Hospitalization rates for pertussis-related illnesses (hospitalized
with ICD10 code A37 [whooping cough], or hospital admission
for cough or respiratory disease within 1 week before and up to
6 weeks after a pertussis diagnosis) increased similarly with age,
from 2.2, to 8.5 to 13.5 per 100,000 person-years in the respec-
tive age-groups. The risk of pertussis was higher in adults who
were obese, who took medication, or who had pre-existing
asthma [32].

3.2. New Zealand

New Zealand pertussis notification data from 2001 to 2017
show a cyclic pattern that is similar to Australia, although the 2
countries differed in the timing of pertussis outbreaks (Figure
1) [49]. Most pertussis notifications in New Zealand between
2001 and 2017 were in adolescents and adults, but the highest
incidence was in children <1 year of age at 213 per 100,000
population in 2017. The 2017 incidence of pertussis notifica-
tions was 24 per 100,000 population in 60-69 year-olds, and
18.3 per 100,000 population in 70+ year-olds. From 2010,
between 9.3% and 16.4% of all pertussis notifications were in
adults aged 65+ years. Approximately 4% of patients aged 65
+ years with pertussis required hospitalization, compared with
0-1% of patients who were 5-64 years of age. The rate of
hospitalization for pertussis was 1.4 per 100,000 person-years
in 65+ year-olds, which was higher than in any other age-
group over 4 years.

3.3. Hong Kong

Fewer than 50 cases of pertussis were reported annually
between 2001 and 2016 (Figure 1). The number of cases
jumped to 110 in 2018, of which 44 were in infants aged
<6 months [65]. There were 93 cases in adults aged 18
+ years recorded in 2017 and 2018, of whom 83% (77 cases)
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had no or unknown history of pertussis vaccination, including
48% (45 cases) who were not born in Hong Kong, and whose
childhood vaccination history was not known [66].

3.4. Singapore

Only 1 or 2cases of laboratory-confirmed pertussis were
reported annually in Singapore from 1993 until 2005 [67]
(Figure 1). PCR testing was introduced at the end of 2006,
and the annual number of cases increased, but remained <30
per year until 2015. The population incidence of pertussis was
estimated to be 0.8 per 100,000 in 2007 and 0.4 per 100,000 in
2014 [51,68], and all cases were reported in children <5 years
of age. The low observed incidence is most probably due to a
lack of disease awareness in Singapore, leading to low rates of
testing and under-reporting [67]. This is supported by data
from 2002 that found a 97% seroprevalence rate for anti-PT
antibodies in adults 18-45 years of age; evidence of high rates
of pertussis infection amongst Singaporean adolescents and
adults, none of whom had received an adult pertussis booster
dose [69]. Additionally, studies of infants with pertussis
admitted to intensive care units showed evidence of transmis-
sion from undiagnosed household contacts [70].

Since 2015, pertussis notifications have increased, with 80
cases reported in 2016, 76 in 2017 and 108 in 2018. The first
cases in adults aged 65+ years were recorded in 2016, and the
proportion of notifications attributable to this age-group has
climbed steadily, reaching 16.2% (17 cases) of all cases in 2018.
The incidence rate of pertussis in Singapore is highest in
infants <1 year of age, ranging from 103.5 to 1159 per
100,000 populations in 2015-2018. The 2018 incidence rate
in adults aged 65+ years was 3.1 per 100,000.

3.5. South Korea

Before 2009, fewer than 20 notifications of pertussis were
recorded annually in South Korea, and almost all were in
children <1 year of age. After 2009, reporting rates increased
in all age-groups. In 2016, there were 39 pertussis notifications
among adults aged 60+ years, making up 30.2% of all reports
that year. In 2018, the number of cases peaked at 980, of
which the majority was in 5-59 year-olds, with 142 cases
(14.5%) in adults aged 60+ years.

Published data from South Korea also support significant
under-reporting of pertussis [71], with several studies identify-
ing unrecognized infections in adults with prolonged cough
(Table 2) [72-75], and seroprevalence surveys showing high
rates of anti-PT antibodies in the absence of recent booster
vaccination, consistent with recent infection in adolescents
and adults [76-79]. In 2012, a seroprevalence survey of ado-
lescents and adults found that the highest anti-PT seropreva-
lence (48.1%) was in adults aged 61+ years [77]. Among 412
hospital healthcare workers, anti-PT seroprevalence in 2011
was 33.7% [78]. A 2008 survey of healthy children and adults
showed that 57% of participants 51-60 years of age and 55%
of those =61 years of age had anti-PT titers indicative of
seroprotection [79].
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3.6. Taiwan

Surveillance data from 2001 reported fewer than 100 pertussis
cases annually, with no clear cyclic pattern. A report of Taiwan
Center for Disease Control and Prevention data between 2003
and 2017 included 668 pertussis cases over this period, with a
mean incidence of 0.12 per 100,000 population prior to 2009,
and 0.27 per 100,000 from 2009 to 2015 [80]. The majority of
cases were in infants <1 year of age, and very few cases were
reported in adults aged 40+ years (annual incidence <0.1 per
100,000 population).

Over the last two decades, the number of pertussis cases
among young infants has increased, which might suggest
increased circulation and resurgence of pertussis in society;
however, an increase in cases in adults has not yet been
observed, possibly due to under-reporting [76,81]. A small
study of 33 patients of all ages presenting to hospital with
cough of at least 1 week duration found that 8 (21%) had
pertussis as diagnosed by PCR or serology [82]. By contrast, a
seroprevalence study of 89 adults with cough duration
>14 days identified only 1 case of recent pertussis (1.1%) [83].

4. Recommendations for pertussis booster
vaccination in adults

The current WHO recommendation concerning pertussis vac-
cination of adults advises that adult boosters should only be
introduced after assessment of local epidemiology, incidence
and cost-effectiveness data, and only when high infant cover-
age rates have been achieved [84]. Globally, 15 countries/
regions specifically recommend Tdap vaccination for adults
aged 65+ years (Australia, Austria, Bahrain, Belgium, Czech
Republic, Germany, Iceland, Ireland, Italy, Liechtenstein,
Luxembourg, New Zealand, Slovenia, Taiwan, and the US)
[85-89]; 13 of them are national-level recommendations and
8 countries/regions provide vaccine funding. Nine countries/
regions recommend a single Tdap booster vaccination for
older adults (Australia, Bahrain, Germany, Iceland, Ireland,
Luxembourg, Slovenia, and the US), 6 recommend Tdap
every 10 years (Italy, Slovenia, Liechtenstein, Belgium
[Flanders], Luxembourg, and the Bahamas) [89]. Austria sug-
gests a booster every 5 years, the Czech Republic recommends
an interval of 10-15 years, and New Zealand recommends
Tdap at age 45 and 65 years. The US Advisory Committee on
Immunization Practices updated recommendations for Tdap
boosters in adults in 2019 [88]. Either Td or Tdap vaccines may
be used for the decennial Td booster, tetanus prophylaxis for
wound management, and for additional required doses in the
catch-up immunization schedule if a person has received at
least 1 Tdap dose. The Global Initiative for Chronic Obstructive
Lung Disease (GOLD) has updated guidelines for persons with
COPD with the US CDC recommendation that adults with
COPD receive Tdap vaccination if not vaccinated in adoles-
cence [90].

Tdap recommendations for the 6 Asia-Pacific countries stu-
died here are summarized in Table 3. Australia recommends
(but does not fund) a single Tdap dose for any adult who
wishes to be vaccinated, for travelers and for adults aged 65
+ years who have not received a pertussis vaccine in the last

10 years, and decennial Tdap vaccination for healthcare and
childcare workers. South Korea recommends a single booster
dose for adults aged 18+ if they have not previously received
Tdap vaccine. In addition, pregnant women without previous
Tdap vaccine are recommended to receive a dose of Tdap
vaccine right after or before pregnancy [91-93]. Taiwan
recommends Tdap for pregnant women and use of Tdap
once instead of the recommended decennial Td vaccination.
Tdap is not currently recommended for adults in Hong Kong
or Singapore (except pregnant women).

5. Barriers and success factors for vaccination of
older adults

5.1. Tdap vaccination

Among the countries we studied, awareness of pertussis in
adults appears to be highest in Australia, with several
studies published [94-96]. We found only one study in
the published literature that described barriers and success
factors to Tdap vaccination of adults [96]. This study was a
market research study of 412 general practitioners (GPs)
and 6529 adult consumers in Australia. The discussion of
pertussis vaccination during outbreaks or in patients with
underlying diseases was uncommon, and that GPs were
more likely to recommend vaccination for older adults if
they were grandparents of young children. Consumers
identified GPs as the most reliable source of information
about vaccination, and the lack of GP recommendation
and lack of awareness about the need for vaccination as
the most common reasons for not being vaccinated [96].

5.2. Learning from influenza vaccination in older adults

In the absence of specific information about factors that
influence Tdap vaccine acceptance in Asia-Pacific coun-
tries, we looked for parallels between barriers to the
uptake of other vaccines and barriers to pertussis vaccina-
tion in older adults. Barriers to vaccination of adults in
Asia-Pacific countries have been investigated most often
in the context of influenza vaccine. Studies in Australia and
New Zealand found that the perception of sufficient exist-
ing immunity capable of resisting infection was one of the
most common reasons cited for not having influenza vac-
cination, whereas receiving a recommendation from a
healthcare professional was associated with vaccine uptake
[23,97]. Influenza vaccine uptake was also higher in
Singaporean adults with diabetes if they had received a
recommendation from their healthcare professional, and
uptake was also associated with higher income and
cheaper vaccines [98]. A survey of 15 adults aged 65
+ years found that in this population, vaccine misconcep-
tions were the most common reasons for not vaccinating,
including that vaccination was a cure for influenza instead
of for prevention, that vaccination was only needed when
traveling, and that the vaccine was too ’‘strong’ for older
persons [99]. Some reported that they would have been
vaccinated if it had been recommended to them by their
doctor [99].



Table 3. Tdap booster recommendations in 6countries of the Asia-Pacific region.
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Region

Tdap recommendation

Australia [84]

Hong Kong [65]
Korea [111]

New Zealand [88]

Singapore [112]
Taiwan [113]

Any adult
Any adult who needs a tetanus-containing vaccine
Adults =65 years 1 dose if they have not had one in the past 10 years

Adults who work with children <4 years, all healthcare workers: every
10 years

Travelers if they have not had a pertussis dose in the past 10 years
Pregnant women

Pregnant women only

Adults =18 years single dose booster if they have not had Tdap
Pregnant women between week 27-36 of each pregnancy

Pregnant women, immunocompromised and adults at age 45 (only if
they have not previously
received 4 tetanus-containing vaccines) and 65 years.

Pregnant women only

1 dose of Td every 10 years; 1 dose can be replaced by Tdap
Pregnant women between week 28-36 of each pregnancy

Tdap: reduced-antigen-content diphtheria-tetanus-acellular pertussis vaccine

A study of influenza vaccine uptake in Taiwan found that
vaccination was significantly less likely among individuals who
were 85+ years, those with severe disabilities, indigenous per-
sons, and persons hospitalized in the previous year. In Taiwan,
where the influenza vaccine is free, the authors recommended
an integrated policy for disabled elderly persons, incentives for
healthcare providers and caregivers, and media campaigns to
improve education about vaccine availability and benefits [21].

In adults in South Korea, uptake of influenza vaccination was
associated with a history of prior influenza-like illness, regular
exercise, and positive opinions about the vaccine [100]. Reasons
for not being vaccinated were time constraints and the perception
that good health meant that vaccination was not required [100].

A study of vaccine providers in South Korea identified vaccine
hesitancy as the single highest barrier to vaccination, based on
fears of side-effects, vaccine safety, and a preference to rely on
natural immunity for protection [101]. Low accessibility to clinics
in rural areas and lack of time to attend clinics were also con-
tributing factors [101]. During the 2009-2010 influenza pan-
demic, the most common event triggering vaccination was
individual notification from a public health organization. By con-
trast, confidence in their own health and lack of time were the
most common reasons for not being vaccinated [102].

In a Hong Kong study, the strongest barriers to influenza vacci-
nation were a desire to rely on one’s own immunity to prevent
infection, a perception of low risk, and concerns around side-
effects and vaccine safety and effectiveness [22]. Another study
in 65+ year-olds in Hong Kong identified strong cultural percep-
tions in this age-group that influenced vaccine acceptance and
uptake [103]. The study population universally perceived vaccines
to be harmful, and this was accompanied by beliefs of low personal
risk, lack of promotion by healthcare providers, a perceived risk
(catch a disease or ‘unlucky’) associated with attending clinic/
hospitals, and a preference for using traditional Chinese medicine.

6. Conclusion

The number of notified pertussis cases has increased in the
Asia-Pacific region and the increase is more apparent in

countries where awareness of the disease exists as a differen-
tial diagnosis to prolonged cough, and where diagnostic prac-
tices and reporting systems are well established. The range of
pertussis notification rates in the countries we studied was
extreme. In countries with available data, hospitalization rates
in adults aged 65+ years with pertussis were higher than in
adolescents or younger adults. However, data on hospitaliza-
tion rates were sparse; in adults aged 65+ years, we identified
a rate of 4.9 per 100,000 population in Australia and 1.4 per
100,000 in New Zealand [49,61]. The Global Burden of Disease
Study reported almost 66 million hospitalizations globally for
lower respiratory infections among all ages in 2016 [104]. We
estimate that this corresponds to approximately 929 hospita-
lizations per 100,000 population based on a world population
of 7 billion in 2016, substantially higher than the rates we
identified for pertussis hospitalization.

Pertussis is a notifiable disease in all 6 of the countries/
regions we assessed. Yet, there is evidence of substantial
under-diagnosis in Singapore, South Korea, and Taiwan
(and probably Hong Kong for which very little data are
available) from seroprevalence studies indicating high rates
of pertussis infection in adults, with the highest rates in older
adults. As a result, there are important data gaps in terms of
understanding the age-groups and populations most
affected, the incidence of complications, and the economic
burden caused by pertussis. Few countries recommend Tdap
vaccination for adults and uptake in those countries is sub-
optimal. Increasing disease awareness, establishing vaccina-
tion registries, and establishing recommendations are key
factors to increase Tdap vaccination rates and promote
healthy aging.Figure 2 provides a summary of the main find-
ings of this review.

7. Expert opinion

Pertussis is usually considered a childhood disease; how-
ever, recent studies also illustrate disease burden in older
adults. While most pertussis infections among adults may
not result in hospitalization, the risk of hospitalization,



1612 (& L. HOE NAM ET AL,

death, and complications increases with age and there is a
significant impact on the quality of life [31,32,105].
Moreover, older adults can serve as a reservoir of pertussis
[40]. There are, therefore, compelling reasons to improve
awareness of pertussis, and the need for vaccination.

An increasing number of notifications in Hong Kong,
Singapore, South Korea, and Taiwan may be partially attrib-
uted to increased accessibility to diagnostic tests such as
PCR. Several multiplex PCR manufacturers offer Bordetella
pertussis PCR as part of a panel of respiratory pathogens
[106,107]. Seroprevalence data show that pertussis is circulat-
ing in Singapore and South Korea, while data is lacking for
Hong Kong and Taiwan. Despite the increasing number of
reported cases, the impact of pertussis amongst older adults
and people at risk is largely unknown in Hong Kong,
Singapore, South Korea, and Taiwan. Similarly, wider effects
of pertussis such as healthcare resource usage, costs to the
economy, and unnecessary antibiotic prescriptions that can
potentially impact on antimicrobial resistance trends are
unquantified in all countries.

A better understanding of the burden of pertussis disease is
key to driving a change in vaccination policy. Seroprevalence
data and studies of prolonged cough indicate that pertussis is
circulating in older adults in the Asia-Pacific region and that
the infection rate is considerably underestimated. Although
many pertussis infections in adults are asymptomatic, under-
estimation of infection inevitably leads to underestimation of
the burden of disease. More epidemiological data are required
from countries in the Asia-Pacific to understand the incidence
of pertussis, particularly in specific populations such as 65
+ year-olds and other at-risk groups. In settings where there
is low disease awareness amongst healthcare professionals,
pertussis is not diagnosed, and notification data are unable
to fill existing data gaps. An important goal in these settings is
to increase disease awareness through education campaigns
and data from epidemiological studies conducted locally.
Studies that assess the excess burden of diseases/conditions
potentially associated with pertussis infection in the adult
population or in specific risk groups, e.g. cardiorespiratory
disease, stroke, during pertussis epidemics could be
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Figure 2. Current barriers and suggested solutions to improve Tdap vaccination
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Plain Language Summary

. Pertussis (whooping cough) is a common disease in adults but the extent to which pertussis affects adults
in some countries in Asia-Pacific is not well understood.

= A panel of infectious disease experts met to review the available information describing adult pertussis in
Australia, Hong Kong, New Zealand, Singapore, South Korea, and Taiwan.

. Pertussis is increasingly reported in the Asia-Pacific region including cases diagnosed in adults. The
diagnosis may be missed in countries where awareness about pertussis is low and where it is not tested
routinely.

. The experts concluded that physicians should consider recommending pertussis vaccination to older

adults (aged 65+ years) on an individual basis.

= Pertussis booster vaccination should also be considered for persons with asthma or chronic obstructive
pulmonary disease who appear to be at higher risk of severe pertussis.
Uptake of pertussis vaccination in adults could be improved by increasing awareness of the
vaccines available and vaccination infrastructure for this age-group, including:

o Improved access to vaccination,

o Personalized reminders when vaccines are due,
o More education about pertussis in adults for doctors, nurses and patients.
Setting up adult vaccination registries for the tracking and evaluation of vaccine uptake.

What is the impact?

= This expert opinion on available information describing adult pertussis in the Asia-Pacific region might help
the healthcare community build action plans to recognise the burden of pertussis and increase rates of adult

vaccination against pertussis.

= Better data on the disease burden would help to generate awareness.

Figure 3. Plain Language Summary.

conducted locally and without the need to capture all pertus-
sis cases. In addition, to adequately capture the burden of
pertussis disease in adults, it is important that appropriate
diagnostic laboratory methods for adult populations are used
i.e,, serology testing in addition to culture or real-time PCR
methods [45,47].

The current level of evidence in the countries we studied is
considered strong enough to support ‘individual’ recommen-
dations (physician to patient) for pertussis vaccination of
adults aged 65+ years, but existing evidence is not strong
enough to support a recommendation for Tdap vaccination
amongst all adults and high-risk groups. The addition of a
Tdap booster dose in 65+ year-olds makes sense from the
perspective of medical need and practical implementation.
Age itself is a risk for severe pertussis disease, and Tdap
vaccination could be easily added to existing platforms for
influenza, herpes zoster, and pneumococcal vaccination in
this age-group. Tdap also provides booster vaccination against
diphtheria and tetanus. In Australia, 90% of deaths due to
tetanus in the last 30 years have been in adults aged 65
+ years [108]. A seroprevalence study in South Korea in
2007-2008 showed that 92.0% of adults aged 61+ years had
anti-tetanus antibody concentrations below the protective
level of 0.1 IU/ml [109]. Tdap booster vaccination at age 65
+ years would have the added benefit of boosting tetanus
immunity in older populations in whom protection against
tetanus has waned.

Other known risk groups for pertussis that could be con-
sidered for Tdap vaccination are those with underlying multi-
morbidities such as asthma and COPD [32,35,110]. It is reason-
able to consider that patients with chronic respiratory diseases
might be at higher risk of severe pertussis disease and of
exacerbations of underlying disease, and judicious vaccination

of such individuals appears reasonable. Pertussis in persons
with these conditions can trigger exacerbations of their pre-
existing illness [111], resulting in hospitalization and antibiotic
use. Patients with cancer receiving chemotherapy and patients
with chronic kidney disease are priority groups for influenza
vaccination because they are at high risk of severe or fatal
influenza [112]. We speculate that impaired immunity could
also potentially lead to more severe pertussis disease,
although this needs to be confirmed. Patients with cancer
and patients with renal disease could be candidates for
timed Tdap vaccination linked to current recommendations
in these groups for pneumococcal and hepatitis B vaccination,
for example, priorf to commencing chemotherapy or prior to
commencing dialysis [113]. The wider impact on older adults
in terms of frailty and the consequences of complications
including, cardio-respiratory events and cerebral hemorrhage
need further elucidation. This information will be important in
undertaking cost-effectiveness analysis of adult pertussis
booster vaccination in the Asia-Pacific.

Success factors and barriers to Tdap vaccination in healthy
adults are summarized in Figure 3.. Important barriers to
vaccination included lack of awareness about the disease
and low disease prioritization amongst recommending and
funding bodies, which translated to lack of funding for vacci-
nation. Limited access to vaccination arising from low aware-
ness and lack of prioritization of vaccination by healthcare
professionals was an issue in some countries, as well as
views among adults that vaccines are not required for healthy
aging and perceptions that a ‘strong’ immune system is suffi-
cient to prevent infection. Lack of time to attend vaccination
visits among adults was important in some countriesand was
linked to the absence of regular or scheduled interactions with
healthcare providers, and uncertainty as to who was the
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vaccinator. Unlike influenz which follows a seasonal cycle and
an annual vaccination pattern, the lack of seasonality of per-
tussis vaccination was also considered a barrier to vaccine
uptake.

To overcome these issues, the Advisory Board identified
vaccination infrastructure as a key factor for the success of
Tdap uptake in adults. This should include setting up registries
for adult vaccination, identifying target populations for vacci-
nation, and using personalized reminders as a tool to inform
adults when vaccination is due. Further education is needed
for healthcare professionals and the general public in terms of
increasing disease awareness. Vaccination recommendations
and funding from governments were seen as critical, which
could be combined with incentives for vaccination or penal-
ties for non-compliance.

The published information around influenza vaccine accep-
tance in Asia-Pacific countries shows many common barriers
and success factors for adult vaccination to those identified by
the Advisory Board with respect to Tdap vaccination uptake.
Strategies to promote vaccine uptake need to be tailored to
account for the specific individualities of population groups.
However, overriding common factors for success in all countries
are the need for education of healthcare professionals and
patients around disease awareness and the benefits of vaccina-
tion, and the critical influence that primary healthcare providers
have in promoting vaccination to their patients. In Australia,
where Tdap recommendations are in place, market research
data showed gaps between recommendation, awareness, and
vaccination coverage, highlighting that the presence of official
recommendations (i.e., Australian Technical Advisory group on
Immunisation) alone is insufficient to achieve the maximum
public health benefit [96]. It needs active recommendation by
healthcare professionals.

Lessons learnt from influenza and pneumococcal vaccina-
tion programs can be applied to pertussis implementation
[114]. Successful implementation of Tdap vaccination will
require strategies that are adapted to the local setting and
the target group. For example, in Hong Kong, education of
older adults is needed to counteract traditionally held beliefs
about vaccines and the capability of the immune system, and
vaccine delivery outside of hospitals and clinics may be
needed to improve uptake. In South Korea, increased accessi-
bility to vaccine centers is needed in rural areas, and educa-
tion that prioritizes vaccination such that busy adults make
time to be vaccinated is needed. It is important that Tdap
vaccination should not create yet another visit to the health-
care provider but should be provided within existing
structures.

In the next 5 years, we foresee the development of a
‘Healthy Aging Vaccination Package,’ a portfolio approach
that will increase awareness of the role of vaccines in staying
healthy while growing old [10]. Such a package could include
currently available Tdap, influenza, herpes zoster, and pneu-
mococcal vaccines, with the inclusion of new vaccines target-
ing diseases of importance for older adults as they become
available. These could include vaccines against bacteremia (e.
g. Escherichia coli, Staphylococcus aureus), respiratory infec-
tions such as respiratory syncytial virus, improved pneumo-
coccal vaccines, and others. Currently available Tdap vaccines

can be added with relative ease to existing immunization
schedules and should be included in a vaccination package
for older persons.

Childhood immunization registries have existed in many
countries for decades, but as yet, registries to record adult
immunization are lacking. In all countries, establishing an
immunization registry for all vaccine recipients, including
adults, is critical for providing the foundation on which to
assess data on vaccine coverage, evaluate the performance
of the vaccine and the success of the vaccination program.

Unfortunately, the current vaccination uptake for ‘estab-
lished’ vaccines among adults is low, so there is still a need
to improve the general awareness about vaccine-preventable
diseases and use of vaccines in this population. Disease aware-
ness in the general public and among healthcare professionals
is needed to underpin any further strategies to address and
achieve this goal.
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