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ABSTRACT
A panel of 24 international experts met in July 2022 to discuss challenges associated with pertussis 
detection, monitoring, and vaccination in adults; conclusions from this meeting are presented. There has 
been a shift in the epidemiology of pertussis toward older children and adults. This shift has been 
attributed to the waning of infection- or vaccine-induced immunity, newer detection techniques causing 
detection bias, and possibly the replacement of whole-cell pertussis with acellular vaccines in high- 
income countries, which may lead to immunity waning more quickly. The burden of adult pertussis is still 
likely under-ascertained due to widespread under-recognition by healthcare professionals (HCPs), under- 
diagnosis, and under-reporting in this age group. Non-standardized testing guidance and varied case 
definitions have contributed to under-reporting. Key barriers to HCP engagement with the tetanus, 
diphtheria, and pertussis (Tdap) vaccine include low awareness, lack of time/funding, and lack of 
motivation due to low prioritization of Tdap.
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Introduction

Pertussis, an acute, highly infectious respiratory disease caused 
by Bordetella pertussis (B. pertussis) is a global problem, with 
large epidemics occurring irregularly every few years.1,2 Over 
62,000 cases of pertussis were reported worldwide in 2022, 
although the true estimate is expected to be much higher as 
many cases go undiagnosed or unreported.3 Infants younger 
than 12 months demonstrate the highest incidence (32.7–72.3/ 
100,000) and greatest disease burden (intensive care unit 
admission incidence 2.1–18.6/100,000),4–6 but in the past two 
decades, there has been a shift in the age distribution of 
pertussis toward older children and adults.7,8 In the USA, 
a significant increase in pertussis notification and hospitaliza
tion was observed among children aged 7–10 years between 
2000 and 2016.9 In Asia and Europe, a trend of increased 
pertussis in adolescents/adults has been seen over time; 
among European countries with the highest pertussis notifica
tion incidences, ~50% of cases were reported in adults.4,10,11

Several factors have been hypothesized to contribute to this 
trend (Supplementary Table S1). Although pediatric vaccina
tions are widely implemented, there are marked national varia
tions in adolescent and adult booster recommendations.7,12,13 

Other proposed explanations for the apparent pertussis resur
gence include an aging population, and mutated strains of 
circulating B. pertussis, driven by selection pressure.14,15 

Notably, due to widespread under-recognition, under- 
diagnosis, and under-reporting, the epidemiology and burden 
of adult pertussis is not as well described as that in children.16–18

Methods

A panel of 24 international academic experts convened in 
July 2022 to discuss the challenges associated with pertussis 
detection, monitoring, and vaccination in adults. The objective 
was to consolidate existing information and explore gaps in 
knowledge. Global and regional immunization policies were 
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reviewed to identify opportunities for improved vaccine 
uptake in adults.

The panel’s views described herein are informed by peer- 
reviewed publications, surveillance data, and health authority 
assessments, as well as the experts’ real-world experiences. The 
panel acknowledges a previously published position paper 
examining methods to improve pertussis vaccination rates in 
older adults and at-risk groups.19 This paper aims to provide 
up-to-date perspectives on the practical challenges of adult 
pertussis surveillance, diagnosis, and vaccination, while 
exploring strategies to overcome these barriers.

Barriers to optimal assessment of disease burden and 
surveillance

Under-recognition

The panel acknowledged that understanding the true epide
miology of adult pertussis is critical to raise awareness, 
improve care quality, and drive changes in vaccination policy. 
Low awareness of adult pertussis among the public and health
care professionals (HCPs) is a barrier to prompt diagnosis. In 
adolescents and adults, early symptoms can be like those of 
a common cold. Typical signs like paroxysms of cough, post- 
tussive vomiting, and the distinctive inspiratory whoop are 
often absent.1,20 While pertussis is typically associated with 
a subacute cough of 3–8 weeks’ duration, ~20% of adolescents 
and adults with ≥1–2 weeks’ cough have been found to have 
confirmed (e.g., positive culture or polymerase chain reaction 
[PCR] for B. pertussis) or probable (e.g., rise in antibody titers 
against pertussis toxin) pertussis.21,22 HCPs often do not con
sider pertussis in their differential diagnosis of persistent 
cough in adults.23 In those with respiratory comorbidities 
such as asthma and chronic obstructive pulmonary disease 
(COPD), diagnosis is further complicated by a presentation 
similar to an acute exacerbation, particularly in older adults 
(≥50 years).24,25

Under-diagnosis

Even with heightened clinical suspicion, successful diagnosis 
hinges on HCPs making appropriate testing choices, given the 
time-sensitivity of diagnostic modalities.26,27 Nasopharyngeal 
culture is the gold standard due to its excellent specificity,28 

but PCR is a more sensitive and rapid test.29,30 Regardless, both 
culture and PCR demonstrate a decrease in sensitivity after 
the second week of cough onset.30 As most adults are not 
considered for diagnosis until they have had a prolonged 
cough (mean duration 36–48 days),29 a serological assay mea
suring IgG antibodies against pertussis toxin is often the only 
viable diagnostic option.28,30

The panel discussed limitations of current testing meth
odologies, including impact of swabbing techniques on test 
accuracy; different PCR testing cycle thresholds – criteria 
used to determine positive, negative, and inconclusive 
results – among some countries, and how this influences 
clinical/public health decision-making;31 plus the complex 
relationship between PCR test-signal intensity and degree 
of infectiousness. Disease awareness remains low despite 

B. pertussis infection being reported in ~20% of adults with 
persistent (7–31 days) cough,32,33 and this may have been 
impacted further by the COVID-19 pandemic. Testing is 
an important tool for epidemiological studies and for diag
nosis in index cases (to prevent community spreading), 
highlighting the relevance of timely diagnosis for indivi
dual patients.

Diagnosis of pertussis relies on a thorough clinical his
tory of signs and symptoms, a high degree of suspicion, 
and reflex appropriate testing (culture or PCR testing).20 

Antibiotics may be administered if pertussis diagnosis is 
confirmed, or with high clinical suspicion during local 
outbreaks, but should be started during the first one to 
two weeks of cough, before paroxysms begin.34,35 After 2– 
3 weeks, B. pertussis is no longer detectable in airway 
samples, although serologic diagnosis is possible.36 

Paroxysms of cough are a consequence of epithelial 
damage, not persistent infection, hence antibiotic treatment 
is unlikely to be beneficial.37 The window of opportunity 
for antibiotic treatment is limited if PCR or serologic 
diagnosis is required.36 For additional information see 
https://www.cdc.gov/pertussis/index.html.

The atypical presentation of pertussis symptoms in adults 
contributes to under-diagnosis and therefore an increased 
prescription of antibiotics for respiratory conditions, which 
could be avoided.38 Although not discussed by the panel 
experts, a recent survey has highlighted that pertussis vacci
nation could play a role in limiting antimicrobial 
resistance.39

Under-reporting

Although the World Health Organization (WHO) recom
mends pertussis surveillance,1,40 effective systems are often 
absent, particularly in low-income countries, even though 
pertussis is notifiable in just under half of all countries 
worldwide,3,41–43 The panel highlighted that testing guidance 
and case definitions are not standardized (Supplementary 
Table S2). The processes of reporting and diagnosing pertussis 
can be complex and time-consuming for HCPs, requiring 
input from multiple personnel.41,44 In countries where pertus
sis is a notifiable disease, evidence of significant under- 
reporting in adults exists.16,17 Comparing reported cases of 
pertussis infections among the Italian population in 2019– 
2020 with collected seroprevalence data, based on antibody 
levels indicative of infection within the last 12 months, the 
estimated infection rate was ~141- to 3464-fold higher than 
the notification rate.16 This may partly be due to the fact that 
most countries utilize passive surveillance, where health autho
rities do not stipulate reporting from HCPs.41,45

The panel was unanimous in their assessment that as long 
as HCPs remain unaware of the signs and symptoms of adult 
pertussis, and do not take steps to perform appropriate diag
nostic tests, the issues of under-recognition, under-diagnosis, 
and under-reporting will persist. Data on the incidence of 
pertussis from surveillance and serodiagnosis are key to gen
erating evidence that supports vaccination guidelines and 
policies.
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Barriers to adult Tdap immunization

Considering pertussis is among the least well controlled of the 
vaccine-preventable diseases, regular boosting of immunity in 
the population with the tetanus, diphtheria, and acellular per
tussis (Tdap) vaccine is a sound strategy.46 A key barrier to 
adult Tdap immunization is cost,47 with acellular pertussis 
vaccines having significantly higher development and produc
tion costs compared to previously used whole-cell vaccines.48 

In some countries, however, TdaP will be fully reimbursed.49 

Cost could partially explain why, despite existing recommen
dations, the Tdap vaccination coverage rate among US adults 
aged ≥19 years was only ~30% in 2019–2020.50 Further, the 
vaccine coverage in pregnant women in England in 2022–2023 
was 61%.51 Whilst Tdap has reduced reactogenicity in com
parison to previously used whole-cell vaccines, waning immu
nity is a global concern for ongoing pertussis outbreaks among 
adults.52,53

The panel discussed challenges that must be addressed to 
improve adult uptake of Tdap in countries where booster 
recommendations are in place. Barriers were characterized 
according to the ‘COM-B’ framework, which illustrates how 
‘Capability,’ ‘Opportunity,’ and ‘Motivation’ interplay to gen
erate ‘Behaviors’.54

Capability-related barriers to vaccine uptake

Capability-related barriers to vaccine uptake identified by the 
panel were low awareness of pertussis and of the possibility of 
vaccination, and low perception of pertussis as an adult disease 
among HCPs and the public (Figure 1).55–57 Unsurprisingly, 
the perceived low risk of contracting pertussis is the most 
commonly cited reason for declining pertussis vaccination in 
adults.56

Motivation-related barriers to vaccine uptake

Limited awareness is linked to a lack of desire to imple
ment change. The panel explored motivation-related bar
riers to adult immunization, including the perception that 

pertussis in adults is not associated with significant mor
bidity or mortality,58 pertussis is seen as low priority ver
sus other vaccine-preventable infectious diseases (e.g., 
hepatitis B),58,59 and the widespread misconception that 
prior infection or pediatric vaccination confer lifelong 
immunity. Although most severe cases occur in infants, 
pertussis-related complications, including sinusitis, otitis 
media, pneumonia, weight loss, rib fracture, and syncope 
have been reported among adults.60–62 In both hospital and 
primary healthcare settings, adult pertussis is also asso
ciated with substantial medical expenditures.63–65 Despite 
the evidence, pertussis is considered less serious and less 
prevalent than many other infectious diseases,58 likely due 
to the low awareness of disease burden in adults.

Opportunity-related barriers to vaccine uptake

As well as motivation, there are external factors that hinder 
behavioral changes. These can be broadly grouped into 
lack of or missed opportunities,54 e.g., limited time of 
HCPs to routinely discuss the benefits and safety of adult 
vaccinations with patients, the low likelihood of healthy 
patients visiting an HCP solely for vaccinations, and lack 
of social opportunities afforded by the wider community – 
funding, existence of health inequities, and low patient 
demand or acceptance. The panel noted the lack of strong 
pertussis vaccination recommendations from national and 
international health authorities for the adult population 
except during pregnancy, compounded by low collective 
awareness of the adult vaccine.55,56,66 Pertussis vaccine 
uptake is also influenced by socioeconomic status, ethni
city, and geographical location.67,68 Moreover, there are 
logistical and ethical challenges associated with delivering 
vaccination to certain vulnerable populations, e.g., care- 
home residents.69

The COVID-19 pandemic has impacted immunization 
programs globally, leading to public health priorities being 
modified.70 Lockdown measures have reduced access to rou
tine pediatric immunization in both high- and low-income 

Figure 1. Findings from previous studies highlight low awareness of the pertussis vaccine, and low perception of pertussis as an adult disease among HCPs and the 
public. Note: *Data from a US survey conducted shortly after Tdap replaced Td.56 †Data from a 2022 survey.57 HCP, healthcare professional; Td, tetanus-reduced-dose 
diphtheria vaccine; Tdap, tetanus, reduced-dose diphtheria, and acellular pertussis vaccine.
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countries, causing vaccine coverage to decline at all mile
stone ages.71,72 Conversely, for Tdap vaccination in preg
nancy, coverage has been maintained or showed no 
pronounced decline in developed countries.73,74 

Importantly, the COVID-19 pandemic enabled the first 
mass vaccination programs for all adults since the eradica
tion of smallpox, so ultimately may result in better systems 
and infrastructure for adult vaccination. Innovations adapted 
during the pandemic to continue delivering routine immu
nizations can also be used to streamline future vaccination 
programs.75

Which adult populations are at greatest risk from 
pertussis and its complications?

Understanding which groups within the adult population are 
at an increased risk of pertussis infection and associated mor
bidity/mortality is essential to the design and implementation 
of effective immunization strategies.

Older adults

Although data on incidence and burden of pertussis disease in 
adults are limited, studies have shown that rates of pertussis- 
related hospitalization increase progressively with advancing 
age.76,77 Adults aged ≥45 years are at an increased risk of 
complications, more severe disease, and hospitalization due 
to pertussis.76,78 For older adults (≥65 years) with chronic 
comorbidities, it is likely that these are documented as the 
cause of hospitalization or death even when pertussis is 
present.60,76,79 Uncommon complications such as intracranial 
hemorrhage, stroke, encephalopathy, carotid artery dissection, 
pneumomediastinum, and herniated lumbar discs have also 
been reported in older adults.32,78,80 Multiple factors are linked 
to older adults’ susceptibility to severe pertussis sequelae, 
including an increased risk of multimorbidity, immunosenes
cence, and loss of vaccine- and/or infection-induced 
immunity.81–83 Aged care facility outbreaks may also occur 
and are associated with substantial morbidity.84,85 Pertussis 
outbreaks in aged care may be under-recognized. In one 
study, 3/7 respiratory outbreaks in aged care were negative 
on multiplex viral respiratory PCR, suggesting a bacterial 
cause.86

Adults with chronic respiratory comorbidities

Adults with chronic respiratory conditions, such as asthma 
and COPD, have a higher risk of pertussis infection, with an 
up to ~four-fold increased incidence compared with those 
without either condition.76,87 Evidence suggests that 
COVID-19 has increased susceptibility to other 
infections;88 more research is now required to assess how 
this may have affected the incidence of pertussis. Further 
effects and consequences of chronic respiratory conditions in 
relation to pertussis are summarized in Supplementary 
Table S3.

Cigarette smoking

Current and past smoking status is associated with increased 
pertussis severity, such as prolonged paroxysmal cough, 
a greater number of nights disturbed by pertussis, and 
a higher risk of hospitalization.61,78 Further effects and con
sequences of smoking in relation to pertussis are presented in 
Supplementary Table S3.

Adults with obesity

A review of 2011–2015 data from the US Enhanced 
Pertussis Surveillance program found that among patients 
with pertussis who were hospitalized, 48% were obese;78 in 
comparison, the prevalence of obesity in the general public 
at that time was ~39%.89 Similarly, in a small nested case– 
control study of adults ≥45 years who had a record of 
pertussis notification, compared with individuals whose 
body mass index (BMI) was <25 kg/m2, higher BMI was 
linked to an increased likelihood of pertussis notification.76 

A follow-up analysis did not, however, detect a statistically 
significant association between obesity and pertussis- 
related hospitalization,77 suggesting that either obesity 
itself or related comorbidities could be possible risk factors 
for pertussis.

Adults with immunocompromising conditions

A higher prevalence of immunosuppression was observed 
among adult pertussis patients (≥21 years) who were hos
pitalized versus the general population (20% vs 3%).78,90 

Although data remain sparse for this population, long-term 
survivors of autologous peripheral blood stem cell trans
plantation may be highly susceptible to pertussis, as 
demonstrated by their low levels of antibodies against 
pertussis toxin.91

Healthcare workers and people working closely with 
children and young people

Pertussis among HCPs is of concern due to the potential for 
transmission of nosocomial infection to their households, vul
nerable patients, and other HCPs.92 Serological studies have 
shown that HCPs across various specialties have a relatively 
high annual rate of unrecognized B. pertussis infection.92,93 

Furthermore, pertussis outbreaks have been reported from 
a range of healthcare settings including maternity wards, neo
natal wards, surgical units, and residential care homes for older 
adults.85,94,95 Outbreaks can lead to considerable disruption to 
the function of the medical units, staff shortages, and resource 
expenditure. The risk of pertussis infection may also be greater 
for teachers and childcare workers than that for the general 
population.61,96 Therefore, through vaccination, teachers and 
childcare workers would not only protect themselves from 
contracting pertussis but also reduce the risk of spreading the 
disease to children.
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Global and regional recommendations for 
vaccination

Current childhood vaccination policies

The key objective of pertussis vaccination remains the protec
tion of infants and young children. Despite this, recommenda
tions for vaccination vary between regions and global health 
agencies (Table 1).7,97–100

Adult vaccination recommendations

Generally, adult recommendations for pertussis vaccination 
focus primarily on pregnant women and close contacts of 
newborns, the so-called ’cocooning’ strategy.7,97,98,101 Beyond 
these groups, recommendations vary widely with no universal 
strategies. The WHO makes no recommendation for booster 
vaccination against pertussis in adolescents and/or adults, 
stating that these should only be introduced after assessment 
of local epidemiology and cost-effectiveness, once high infant 
coverage has been achieved.7 The Centers for Disease Control 
and Prevention (CDC) recommend that all adults over the age 

of 19 years should be vaccinated with Tdap or tetanus- 
diphtheria toxoid-containing (Td) vaccine every 10 years; 
whenever feasible, Tdap should be given to adults over the 
age of 65 years.97 Across Europe, there are national variations 
in recommendations for adult pertussis vaccination; countries 
that have adult recommendations are listed in Table 2.98,102–112 

There are no routine adult vaccination recommendations in 
Asian or Latin-American countries.100,113,114

For at-risk populations, an adult pertussis booster recom
mendation was issued by the Global Initiative for Chronic 
Obstructive Lung Disease (GOLD) in their 2023 report, 
where they support the CDC’s recommendation for people 
with COPD to receive Tdap vaccination if they were not 
vaccinated in adolescence,115 a recommendation that had not 
been included in the preceding 2010 report.116

The WHO has recommended that HCPs should be priori
tized in countries with an adult pertussis immunization pro
gram, as a strategy to prevent nosocomial transmission to 
vulnerable patients.7,117 Some countries, e.g., Germany, have 
issued a universal Tdap recommendation for HCPs every 10  
years,2,118 while others, such as the UK, recommend pertussis 

Table 1. Pertussis immunization recommendations for children differ between territories and global health agencies.

Agency/territory Recommendation

WHO7 A 3-dose primary series – the first dose being administered as early as 6 weeks of age and subsequent doses given 4–8 weeks apart
CDC97 A series of the diphtheria-tetanus-pertussis (DTaP) vaccine in 5 doses from the age of 2 months to 6 years
ECDC98 A similar schedule to the CDC, with some variations in timing of administration across the regiona

Asia-Pacific99 Established vaccination programs that include a minimum number of routine vaccines against pertussis
Latin America and the 

Caribbean100
A 3-dose series of the DTaP vaccine (either wp or ap) within the first year of life, with two additional tetanus-containing boosters 

given during childhood and adolescence
aIn several European countries, the primary series comprises a so-called “2 + 1” schedule with two doses in the first few months of life (e.g., at 2 and 4 months) and 

a third dose between 11 and 13 months of age.98 

ap, acellular pertussis; CDC, Centers for Disease Control and Prevention; ECDC, European Centre for Disease Prevention and Control; WHO, World Health Organization; 
wp, whole-cell pertussis.

Table 2. National recommendations on adult pertussis vaccination in Europe vary between age groups and countries.

Country Age (years) Recommended Funded

Austria102 ≥16 Tdap-IPV every 10 years No
≥61 Tdap-IPV every 5 years

Belgium112 >16 Tdap every 10 years No
≥65 Tdap every 10 years Noa

Czech Republic104 18–64 At least 1 dose during lifetime (vaccine not specified) No
65+ Recommended in case of risk factors (vaccine not specified)

Finland105 14–15 1 Tdap booster Yes
25b 1 Tdap booster Yes
>25 No No

France110,111 25 1 Tdap-IPV booster Yes
45 1 Tdap-IPV booster

≥65 1 Tdap-IPV booster every 10 years
Germany109 ≥18 Td booster every 10 years, next due Td requires one dose as Tdap Yes
Greece106 18–25 1 booster dose with Tdap or Tdap-IPV Yes

≥25 Td or Tdap every 10 years
Italy98,108 ≥19 Tdap every 10 years Yes
Liechtenstein98 25 1 Tdap booster Yes

45 1 Td booster
65 1 Td booster

≥65 1 Td booster every 10 years
Luxembourg98 15–20 1 booster of MenC and Tdap-IPV Yes

21–65 Tdap-IPV every 10 years
≥65 No No

Norway107 – Tdap booster if 10 years or more since the last dose No
Switzerland103 25 1 Tdap booster Yes

aOne region (Flanders) is funding 10-year adult Tdap vaccinations; bIf born in 1993 or later. 
IPV, inactivated polio vaccine; MenC, meningococcal vaccine; Td, tetanus-reduced-dose diphtheria vaccine; Tdap, tetanus, reduced-dose 

diphtheria, and acellular pertussis vaccine.
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vaccination for certain HCP groups, for instance, those working 
in neonatal, maternal, or pediatric intensive care settings.119

Future considerations for adult booster recommendations

The panel agreed that since most recommendations are deter
mined by risk factors, an initial Tdap recommendation targeting 
at-risk groups would more likely achieve widespread adoption 
than a universal adult booster recommendation. It was none
theless highlighted that universal recommendations are easier to 
implement and ultimately will lead to higher uptake, rather than 
attempting to qualify which patient groups are most at risk.

Adult booster vaccination is currently recommended by 
select countries at 10-year intervals, primarily to align with 
tetanus protection. Some panel members agreed that this 
schedule does not provide adequate protection against pertus
sis, while others put forward the counter argument that this is 
better than no booster, although the biggest problem is poor 
implementation and uptake. It has been suggested that the 
alternative may be a standalone, i.e., not combined with 
diphtheria and tetanus toxoids, pertussis vaccine120 that 
could be administered at more regular intervals, to be utilized 
alongside currently available options. In the case of patients 
vaccinated with Td in the past 3 years, a single pertussis vac
cine would likely be recommended in place of Tdap. The panel 
agreed that a modeling study to determine the optimal time 
frame for a pertussis booster would generate decisive data to 
drive policy change for more frequent vaccination, perhaps at 
different intervals for the general population versus at-risk 
groups. However, to change and/or standardize policy recom
mendations for pertussis adult vaccination across the world 
and convince all stakeholders, further studies are necessary to 
establish the true epidemiology and burden of disease.

Opportunities and recommendations for overcoming 
obstacles to effective adult diagnosis and vaccination

The panel discussed several potential strategies to address the 
challenges of adult pertussis diagnosis, surveillance, and vacci
nation. Furthermore, they explored the potential of next- 
generation pertussis vaccines.

Optimizing assessment of adult disease burden

To improve recognition of pertussis and achieve timely diag
nosis in the adult population, including in aged care, the first 
step is to increase awareness of the often-atypical presentation 
of pertussis among both the public and HCPs. Methods 

proposed to achieve this are summarized in Table 3.121 

Pertussis recognition would be improved in adults if there 
were targeted pertussis awareness campaigns to prompt iden
tification of patients with probable pertussis. The accuracy of 
pertussis surveillance could be improved if HCPs have 
increased awareness of when to perform which type of 
test.122 Additionally, systemic changes in the pertussis diag
nostic workflow, to incorporate testing for pertussis within 
combined multiplex immunoassay panels, could increase the 
frequency of pertussis testing.121 Administrative and logistical 
issues related to notification shown in past studies can be 
minimized by standardizing case definition and test interpre
tation, and using automated, digital systems for reporting.122

Optimizing uptake of Tdap vaccination

A lifelong approach to pertussis booster vaccination is funda
mental to prevent infection and curb transmission to those at 
the highest risk, e.g., newborns and infants. Revisiting the 
COM-B framework as a guidance, the panel identified strate
gies to increase adult pertussis vaccine uptake in countries 
where recommendations exist (Figure 2).

Methods to overcome barriers faced by HCPs in relation to 
pertussis were discussed:

(1) Capability- and motivation-related barriers could be 
addressed through education and training, whereas 
opportunity-related barriers could be overcome by 
implementing more extensive changes involving guide
lines, workflow structures, and national-level 
incentives.54

(2) Through awareness-raising campaigns and 
resources, HCPs are more likely to have a better 
knowledge of adult pertussis. Increased awareness 
of disease risk may encourage members of the public 
to agree to vaccination when it is suggested or 
recommended by an HCP.

(3) Capability-related barriers faced by HCPs could be 
overcome by continued education on topics such as 
national recommendations, and the health and eco
nomic benefits of Tdap vaccination.

(4) Incentivizing HCPs to engage with devised and deliv
ered educational resources should lead to an enhance
ment in their understanding of the impact of pertussis, 
particularly in at-risk groups. Knowing patients with 
asthma or COPD are more prone to pertussis infection 
and its complications should motivate HCPs to vacci
nate this population.

Table 3. Methods to improve the recognition of pertussis and achieve timely diagnosis in the adult population rely on educating the public and HCPs.

Proposal Intended outcome

Targeted pertussis awareness campaigns and supporting HCPs via 
specialized diagnostic resources

Prompt identification of patients with probable pertussis, or even another viral infection 

Proactive testing of in-hospital, high-risk patients, and testing of 
adult contacts of children diagnosed with pertussis

To optimize testing procedures

Systemic changes in diagnostic workflow to facilitate rapid testing To incorporate testing for pertussis within combined multiplex immunoassay panels (multiplex 
PCR tests have been increasingly utilized in outpatient settings in the wake of the COVID-19 
pandemic)121

HCP, healthcare professional; PCR, polymerase chain reaction.
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The panel advised implementing systemic changes in HCPs’ 
workflows to firstly incorporate a pertussis vaccination needs 
assessment into routine care for adults and secondly incorpo
rate the recommendation for Tdap alongside other routine 
adult vaccines, such as influenza. Empowering the wider 
HCP team (nurses, pharmacists, etc.) to discuss the benefits 
of pertussis vaccination will alleviate one of the most common 
challenges physicians face – limited time allocated to each 
patient. However, these discussions may only be beneficial to 
physicians and come at the expense of the wider HCP team in 
terms of workload and time management. Additionally, 
although there is no universal recommendation and its imple
mentation is challenging,101 cocooning, the strategy of house
hold vaccination to protect infants against pertussis, may offer 
additional safeguarding from transmission via close-contact 
persons.117,123 Grandparents who provide care to infants 
should be included. Ideally, this would be discussed during 
the process of family planning. The panel suggested introdu
cing national-level incentives for adult pertussis vaccination 
and quality-improvement programs for vaccination coverage 
among primary care practices. Lastly, the panel identified ways 
to address health inequalities as potential barriers to vaccine 
uptake, including promotional campaigns in areas of greater 
deprivation, reducing financial barriers such as out-of-pocket 
costs.

National medical societies tend to follow the lead of 
National Immunization Technical Advisory Groups and 
reflect their recommendations. In many countries, medical 

societies also play a key role in information dissemination 
and defining recommendations and their implementation. It 
is crucial for information and recommendations to come from 
a central source and be harmonized across national medical 
societies to minimize uncertainty.

The panel agreed that confidence and uptake in existing 
pertussis vaccines could be boosted with more comprehen
sive data on their effectiveness, especially in at-risk popula
tions. Meanwhile, the development of new and more 
effective vaccines may be another promising solution. 
There is increasing recognition that optimal protection 
against B. pertussis likely requires mucosal immunity; cur
rently, available pertussis vaccines do not achieve protection 
locally at respiratory mucosa.124,125 Live-attenuated vaccines 
mimic natural infection when delivered by the mucosal 
route; they therefore have the potential to induce mucosal 
immunity and long-term protection.124 This has led to the 
investigation of several vaccine candidates (Supplementary 
Table S4); one (BPZE1) has advanced into clinical 
development.

Conclusion

Despite decades of worldwide immunization programs, per
tussis remains one of the most common vaccine-preventable 
infectious diseases. The true epidemiology and burden of adult 
pertussis is hampered by under-recognition, under-diagnosis, 
and under-reporting due to a combination of factors, 

Figure 2. Barriers to pertussis vaccine uptake in adults and strategies to overcome them. Note: HCP, healthcare professional; Tdap, tetanus, reduced-dose diphtheria, 
and acellular pertussis vaccine.
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including atypical presentation, low awareness, and technolo
gical and administrative barriers within healthcare systems. 
Effective pertussis control could be achieved by optimizing 
surveillance and vaccine uptake in adults. This will require 
a multidisciplinary approach of education, training, and policy 
changes. This experts’ panel meeting concluded by highlight
ing the need for a lifelong approach to pertussis vaccination. 
Increased standardization for pertussis diagnosis and vaccine 
recommendations across nations would also be highly 
advisable.

Acknowledgments

Medical writing support funded by Sanofi was provided by Yuheng 
Ouyang of Inizio Medical who captured the outline, wrote the initial 
draft of the manuscript based on the discussions of the authors, and 
incorporated comments from authors.

Disclosure statement

CRM is supported by an NHMRC Investigator Grant, grant no. 
[2016907]. She is on the WHO COVID-19 Vaccine Composition 
Technical Advisory Group and the WHO SAGE Working Group on 
Smallpox and Monkeypox. She currently receives funding from Sanofi 
for influenza and pertussis research. JCS received research support from 
AstraZeneca and GSK; and honoraria from AstraZeneca, GSK, Bial, 
Sanofi, and Medinfar. He also participated in a company-sponsored 
speaker’s bureau for AstraZeneca and Sanofi. UH received consulting 
fees from Sanofi-Pasteur, Sanofi Aventis France, and GSK, and lecture 
fees from GSK, Infectopharm, Merck, Moderna, Pfizer, Roche, Sanofi 
Genzyme, and Sanofi-Pasteur. He participated on the Data Monitoring 
Committees of a poliomyelitis vaccine (Takeda), a phase II study of an 
adjuvanted pandemic influenza vaccine (GSK/Watermark), the Norovirus 
Bivalent VLP Vaccine Program (Takeda/HilleVax), and the Cell culture 
influenza vaccine (Seqirus/IQVIA). He is a member of the Meta Data 
Safety Monitoring Board for CEPI (Coalition for Epidemic Preparedness 
Innovations) and of the Varicella Advisory Board, Switzerland (Merck). 
PK received honoraria for participating in the 2022 Zoom meetings by 
Sanofi; he also received honoraria for participation in advisory boards and 
lectures, and travel costs from the following companies: AstraZeneca, 
Bionorica, Chiesi, Engelhard, GSK, Jansen, Klosterfrau, Novartis, MSD, 
and Schwabe. His institution received honoraria for clinical trial partici
pation from Bellus, the ERS NEuroCOUGH Initiative, and MSD. DM 
received personal fees from Dynavax, Seqirus, Sanofi, and GSK; and 
grants and personal fees from Pfizer. TN received research contracts to 
conduct clinical trials, with funding to the institution from Moderna, 
Sanofi, GSK, Iliad Biotechnologies, Dynavax, Seqirus, Janssen, and 
MSD; consulting fees from GSK, Seqirus, MSD, Sanofi, AstraZeneca, 
Moderna, BioNet, and Pfizer; and has served on data safety and monitor
ing boards for Seqirus, Clover, Moderna, Emergent, Serum Institute of 
India, SK Bioscience Korea, Emergent Biosolutions, and Novavax. AP 
received grants or contracts from Chiesi, AstraZeneca, GSK, Sanofi, and 
Agenzia Italiana del Farmaco (AIFA); consultancy fees from Chiesi, 
AstraZeneca, GSK, Novartis, Sanofi, Avillion, and Elpen 
Pharmaceuticals; payment or honoraria for lectures, presentations, manu
script writing or educational events from Chiesi, AstraZeneca, GSK, 
Menarini, Novartis, Zambon, Mundipharma, Sanofi, Edmond Pharma, 
Iqvia, Avillion, and Elpen Pharmaceuticals; and participated on a data 
safety monitoring board or advisory board for Chiesi, AstraZeneca, GSK, 
MSD, Novartis, Sanofi, Iqvia, Avillion, and Elpen Pharmaceuticals. AR 
received consulting fees, honoraria for lectures, presentations, speakers’ 
bureaus or educational events, and participated in advisory boards from 
AstraZeneca, Boehringer Ingelheim, Chiesi, GSK, and Sanofi; and 
received support for travel/attending meetings from Chiesi. KS received 
a salary from the Australian Immunisation Coalition which has received 
funding towards some of its activities from industry sources, including 
GSK, Sanofi, Roche, and Seqirus. He also received a consultancy fee from 

APACI, which derives its income from similar sources. AS is a consultant 
for AstraZeneca Pharmaceuticals, Calyptus Pharmaceuticals, Inc, Darwin 
Health, EmerVax, EUROIMMUN, F. Hoffman-La Roche Ltd, Fortress 
Biotech, Gilead Sciences, Granite bio., Gritstone Oncology, Guggenheim 
Securities, Moderna, Pfizer, RiverVest Venture Partners, and Turnstone 
Biologics. La Jolla Institute has filed for patent protection for various 
aspects of T cell epitope and vaccine design work. TT received grants 
from Merck and Sanofi; personal fees from GSK Biologicals and Sanofi; 
and honoraria from Sanofi. CWO received grants/contracts and payment/ 
honoraria for lectures, presentations, speakers bureaus, manuscript writ
ing, or educational events from AstraZeneca, GSK, Janssen, MedImmune, 
Pfizer, Sanofi, and Sanofi-Aventis; consulting fees, acting as a punctual 
consultant or directly as an independent expert, from AstraZeneca, GSK, 
Janssen, MedImmune, MSD, Pfizer, Sanofi, and Sanofi-Aventis; and acted 
in a leadership or fiduciary role for Coalition for Life Course 
Immunisation and Infovac-France. BW received honoraria for participa
tion in advisory boards and lectures, and travel costs from the following 
companies: GSK, MSD, Sanofi, Moderna. TW received research funding 
and consultancy fees from Synairgen Research Ltd. CHWVK received 
honoraria for attending meetings sponsored by Sanofi, GSK Biologicals, 
and MSD. AK, AAR, and ES have no competing interests to declare. 
Sanofi funded the expert meeting from which this publication resulted. 
Following the meeting, the authors independently initiated the publica
tion and requested Sanofi’s support for medical writing via an external 
third party. The opinions and views expressed in this manuscript are 
solely those of the authors and do not reflect the position of Sanofi. 
Sanofi had the opportunity to review the manuscript, but the authors 
had the final decision to submit.

Funding

This work was supported by Sanofi. However, Sanofi was not involved in 
the development of this manuscript. The opinions and views expressed in 
this manuscript are solely those of the authors and do not reflect the 
position of Sanofi.

ORCID

C Raina MacIntyre http://orcid.org/0000-0002-3060-0555

Author contributions

A panel of 24 international academic experts convened in July 2022 to 
discuss the challenges associated with pertussis detection, monitoring, 
and vaccination in adults. The authors listed wished to develop two 
publications associated with the discussions. Given the nature of dis
cussions, all authors contributed equally to the paper. It was agreed 
that Professor C Raina MacIntyre would take overall responsibility and 
serve as lead and corresponding author; all other authors are listed 
alphabetically. The second publication, submitted to Human Vaccines 
& Immunotherapeutics is as follows: Understanding the impact of 
adult pertussis and current approaches to vaccination: A narrative 
review and expert panel recommendations. Dr Peter Kardos, 
Dr Jaime Correia de Sousa, Professor Ulrich Heininger, Professor 
Andreas Konstantopoulos, Professor C Raina MacIntyre, Dr Donald 
Middleton, Professor Terry Nolan, Professor Alberto Papi, Dr Adrian 
Rendon, Dr Albert Rizzo, Mr Kim Sampson, Dr Alessandro Sette, Ms 
Elizabeth Sobczyk, Dr Tina Tan, Professor Catherine Weil-Olivier, 
Dr Birgit Weinberger, Professor Tom Wilkinson, Dr Carl Heinz 
Wirsing von König.

References

1. WHO. Pertussis: vaccine preventable diseases surveillance stan
dards [Internet]. World Health Organization; 2018 [accessed 2023 
Oct 6]. https://cdn.who.int/media/docs/default-source/immuniza 

8 C. R. MACINTYRE ET AL.

https://cdn.who.int/media/docs/default-source/immunization/vpd_surveillance/vpd-surveillance-standards-publication/who-surveillancevaccinepreventable-16-pertussis-r2.pdf


tion/vpd_surveillance/vpd-surveillance-standards-publication 
/who-surveillancevaccinepreventable-16-pertussis-r2.pdf .

2. Fiona P, Havers M, Moro PL, Hariri S, Skoff T. Pertussis ‘Pink 
Book’ [Internet]. 2021 [accessed 2023 Oct 6]. https://www.cdc.gov/ 
vaccines/pubs/pinkbook/downloads/pert.pdf .

3. WHO. Pertussis reported cases by country [Internet]; 2022 
[accessed 2023 Oct 6]. https://apps.who.int/gho/data/node.main. 
WHS3_43?lang=en .

4. ECDC. Pertussis - Annual epidemiological report for 2018 
[Internet]. European Centre for Disease Prevention and Control; 
2020 [accessed 2023 Sep 7]. https://www.ecdc.europa.eu/en/publi 
cations-data/pertussis-annual-epidemiological-report-2018 .

5. CDC. 2021 final pertussis surveillance report [Internet]. Centres 
for Disease Control and Prevention; 2021 [accessed 2023 Aug 18]. 
https://www.cdc.gov/pertussis/downloads/pertuss-surv-report 
-2021.pdf .

6. Straney L, Schibler A, Ganeshalingham A, Alexander J, Festa M, 
Slater A, MacLaren G, Schlapbach LJ. Burden and outcomes of 
severe pertussis infection in critically ill infants. Pediatr Crit Care 
Med. 2016;17(8):735–42. doi:10.1097/pcc.0000000000000851  .

7. WHO. Pertussis vaccines: WHO position paper – August 2015 
[Internet]. World Health Organization; 2015 [accessed 2023 Sep 
7]. https://apps.who.int/iris/rest/bitstreams/959578/retrieve .

8. Quinn HE, McIntyre PB. Pertussis epidemiology in Australia over 
the decade 1995-2005–trends by region and age group. Commun 
Dis Intell Q Rep. 2007;31(2):205–215.

9. Skoff TH, Hadler S, Hariri S. The epidemiology of nationally 
reported pertussis in the United States, 2000–2016. Clin Infect 
Dis. 2018;68(10):1634–40. doi:10.1093/cid/ciy757  .

10. Macina D, Evans KE. Bordetella pertussis in school-age children, 
adolescents, and adults: a systematic review of epidemiology, bur
den, and mortality in Asia. Infect Dis Ther. 2021;10(3):1115–1140. 
doi:10.1007/s40121-021-00439-1  .

11. Macina D, Evans KE. Bordetella pertussis in school-age children, 
adolescents and adults: a systematic review of epidemiology and 
mortality in Europe. Infect Dis Ther. 2021;10(4):2071–2118. 
doi:10.1007/s40121-021-00520-9  .

12. Cassimos DC, Effraimidou E, Medic S, Konstantinidis T, 
Theodoridou M, Maltezou HC. Vaccination programs for adults 
in Europe, 2019. Vaccines (Basel). 2020;8(1):34. doi:10.3390/vac 
cines8010034  .

13. Group PAHOTA. Final report of the XXV TAG meeting 
[Internet]; 2019 [accessed 2023 Oct 6]. https://www.paho.org/en/ 
file/56942/download?token=Gr0co-Qm .

14. Esposito S, Stefanelli P, Fry NK, Fedele G, He Q, Paterson P, 
Tan T, Knuf M, Rodrigo C, Weil-Olivier C, et al. Pertussis pre
vention: reasons for resurgence, and differences in the current 
acellular pertussis vaccines. Front Immunol. 2019;10:1344. 
doi:10.3389/fimmu.2019.01344  .

15. United Nations. World population prospects 2022 [Internet]. 
accessed 2023 Oct 6]. https://www.un.org/development/desa/pd/ 
sites/www.un.org.development.desa.pd/files/wpp2022_summary_ 
of_results.pdf .

16. Bagordo F, Grassi T, Savio M, Rota MC, Baldovin T, Vicentini C, 
Napolitano F, Trombetta CM, Gabutti G. Assessment of pertussis 
underreporting in Italy. J Clin Med. 2023;12(5):1732. doi:10.3390/ 
jcm12051732  .

17. Macina D, Mathur S, Dvaretskaya M, Ekhtiari S, Hayat P, 
Montmerle M, Daluwatte C. Estimating the pertussis burden in 
adolescents and adults in the United States between 2007 and 2019. 
Hum Vaccin Immunother. 2023;19(1):2208514. doi:10.1080/ 
21645515.2023.2208514  .

18. Stone H, Moa A, MacIntyre CR, Chughtai AA. Using open source 
data to estimate the global epidemiology of pertussis. Global 
Biosecur. 2020;1(4). doi:10.31646/gbio.65  .

19. Choi JH, Correia de Sousa J, Fletcher M, Gabutti G, Harrington L, 
Holden M, Kim H, Michel JP, Mukherjee P, Nolan T, et al. 
Improving vaccination rates in older adults and at-risk groups: 
focus on pertussis. Aging Clin Exp Res. 2022;34(1):1–8. doi:10. 
1007/s40520-021-02018-3  .

20. CDC. The Pink Book: Pertussis [Internet]. Centres for Disease 
Control and Prevention; 2021 [accessed 2023 Oct 6]. https:// 
www.cdc.gov/vaccines/pubs/pinkbook/pert.html .

21. Senzilet LD, Halperin SA, Spika JS, Alagaratnam M, Morris A, 
Smith B. Pertussis is a frequent cause of prolonged cough illness in 
adults and adolescents. Clin Infect Dis. 2001;32(12):1691–1697. 
doi:10.1086/320754  .

22. Siriyakorn N, Leethong P, Tantawichien T, Sripakdee S, Kerdsin A, 
Dejsirilert S, Paitoonpong L. Adult pertussis is unrecognized pub
lic health problem in Thailand. BMC Infect Dis. 2016;16:25. 
doi:10.1186/s12879-016-1357-x  .

23. Dworkin MS. Adults are whooping, but are internists listening? 
Ann Intern Med. 2005;142(10):832–835. doi:10.7326/0003-4819- 
142-10-200505170-00008  .

24. Aris E, Harrington L, Bhavsar A, Simeone JC, Ramond A, Papi A, 
Vogelmeier CF, Meszaros K, Lambrelli D, Mukherjee P. Burden of 
pertussis in COPD: a retrospective database study in England. 
COPD. 2021;18(2):157–169. doi:10.1080/15412555.2021.1899155  .

25. Bhavsar A, Aris E, Harrington L, Simeone JC, Ramond A, 
Lambrelli D, Papi A, Boulet LP, Meszaros K, Jamet N, et al. 
Burden of pertussis in individuals with a diagnosis of asthma: 
a retrospective database study in England. J Asthma Allergy. 
2022;15:35–51. doi:10.2147/jaa.S335960  .

26. Bock JM, Burtis CC, Poetker DM, Blumin JH, Frank MO. Serum 
immunoglobulin G analysis to establish a delayed diagnosis of 
chronic cough due to Bordetella pertussis. Otolaryngol Head 
Neck Surg. 2012;146(1):63–67. doi:10.1177/0194599811425145  .

27. van der Zee A, Schellekens JFP, Mooi FR. Laboratory diagnosis of 
pertussis. Clin Microbiol Rev. 2015;28(4):1005–1026. doi:10.1128/ 
cmr.00031-15  .

28. CDC. Specimen collection and diagnostic testing [Internet]. 
Centers for Disease Control and Prevention; 2022 [accessed 2023 
Aug 18]. https://www.cdc.gov/pertussis/clinical/diagnostic-testing 
/specimen-collection-diagnosis.html .

29. von König CH, Halperin S, Riffelmann M, Guiso N. Pertussis of 
adults and infants. Lancet Infect Dis. 2002;2(12):744–750. doi:10. 
1016/s1473-3099(02)00452-8  .

30. Lee AD, Cassiday PK, Pawloski LC, Tatti KM, Martin MD, 
Briere EC, Tondella ML, Martin SW, Hozbor DF. On behalf of 
the clinical validation study G. Clinical evaluation and validation 
of laboratory methods for the diagnosis of Bordetella pertussis 
infection: culture, polymerase chain reaction (PCR) and 
anti-pertussis toxin IgG serology (IgG-PT). PLOS ONE. 2018;13 
(4):e0195979. doi:10.1371/journal.pone.0195979  .

31. Bolotin S, Deeks SL, Marchand-Austin A, Rilkoff H, Dang V, 
Walton R, Hashim A, Farrell D, Crowcroft NS. Correlation of 
real time PCR cycle threshold cut-off with Bordetella pertussis 
clinical severity. PLOS ONE. 2015;10(7):e0133209. doi:10.1371/ 
journal.pone.0133209  .

32. Kilgore PE, Salim AM, Zervos MJ, Schmitt H-J. Pertussis: micro
biology, disease, treatment, and prevention. Clin Microbiol Rev. 
2016;29(3):449–486. doi:10.1128/cmr.00083-15  .

33. Gilberg S, Njamkepo E, Du Châtelet IP, Partouche H, Gueirard P, 
Ghasarossian C, Schlumberger M, Guiso N. Evidence of Bordetella 
pertussis infection in adults presenting with persistent cough in 
a French area with very high whole-cell vaccine coverage. J Infect 
Dis. 2002;186(3):415–418. doi:10.1086/341511  .

34. Centers for Disease Control and Prevention. Epidemiology and 
prevention of vaccine-preventable diseases. In: Hall E, Wodi A, 
Hamborsky J, editors. Public Health Foundation. 14th ed. 
Washington (DC). 2021 [accessed 2024 June 5]. https://www.cdc. 
gov/vaccines/pubs/pinkbook/downloads/table-of-contents.pdf .

35. WHO. Pertussis vaccines: WHO position paper – August 2015. 
Wkly Epidemiol Rec. 2015;35(90):433–60. [accessed 2024 June 5]. 
https://iris.who.int/bitstream/handle/10665/242416/WER9035. 
PDF?sequence=1 .

36. van der Zee A, Schellekens JF, Mooi FR. Laboratory diagnosis of 
pertussis. Clin Microbiol Rev. 2015;28(4):1005–1026. doi:10.1128/ 
cmr.00031-15  .

HUMAN VACCINES & IMMUNOTHERAPEUTICS 9

https://cdn.who.int/media/docs/default-source/immunization/vpd_surveillance/vpd-surveillance-standards-publication/who-surveillancevaccinepreventable-16-pertussis-r2.pdf
https://cdn.who.int/media/docs/default-source/immunization/vpd_surveillance/vpd-surveillance-standards-publication/who-surveillancevaccinepreventable-16-pertussis-r2.pdf
https://www.cdc.gov/vaccines/pubs/pinkbook/downloads/pert.pdf
https://www.cdc.gov/vaccines/pubs/pinkbook/downloads/pert.pdf
https://apps.who.int/gho/data/node.main.WHS3_43?lang=en
https://apps.who.int/gho/data/node.main.WHS3_43?lang=en
https://www.ecdc.europa.eu/en/publications-data/pertussis-annual-epidemiological-report-2018
https://www.ecdc.europa.eu/en/publications-data/pertussis-annual-epidemiological-report-2018
https://www.cdc.gov/pertussis/downloads/pertuss-surv-report-2021.pdf
https://www.cdc.gov/pertussis/downloads/pertuss-surv-report-2021.pdf
https://doi.org/10.1097/pcc.0000000000000851
https://apps.who.int/iris/rest/bitstreams/959578/retrieve
https://doi.org/10.1093/cid/ciy757
https://doi.org/10.1007/s40121-021-00439-1
https://doi.org/10.1007/s40121-021-00520-9
https://doi.org/10.3390/vaccines8010034
https://doi.org/10.3390/vaccines8010034
https://www.paho.org/en/file/56942/download?token=Gr0co-Qm
https://www.paho.org/en/file/56942/download?token=Gr0co-Qm
https://doi.org/10.3389/fimmu.2019.01344
https://www.un.org/development/desa/pd/sites/www.un.org.development.desa.pd/files/wpp2022_summary_of_results.pdf
https://www.un.org/development/desa/pd/sites/www.un.org.development.desa.pd/files/wpp2022_summary_of_results.pdf
https://www.un.org/development/desa/pd/sites/www.un.org.development.desa.pd/files/wpp2022_summary_of_results.pdf
https://doi.org/10.3390/jcm12051732
https://doi.org/10.3390/jcm12051732
https://doi.org/10.1080/21645515.2023.2208514
https://doi.org/10.1080/21645515.2023.2208514
https://doi.org/10.31646/gbio.65
https://doi.org/10.1007/s40520-021-02018-3
https://doi.org/10.1007/s40520-021-02018-3
https://www.cdc.gov/vaccines/pubs/pinkbook/pert.html
https://www.cdc.gov/vaccines/pubs/pinkbook/pert.html
https://doi.org/10.1086/320754
https://doi.org/10.1186/s12879-016-1357-x
https://doi.org/10.7326/0003-4819-142-10-200505170-00008
https://doi.org/10.7326/0003-4819-142-10-200505170-00008
https://doi.org/10.1080/15412555.2021.1899155
https://doi.org/10.2147/jaa.S335960
https://doi.org/10.1177/0194599811425145
https://doi.org/10.1128/cmr.00031-15
https://doi.org/10.1128/cmr.00031-15
https://www.cdc.gov/pertussis/clinical/diagnostic-testing/specimen-collection-diagnosis.html
https://www.cdc.gov/pertussis/clinical/diagnostic-testing/specimen-collection-diagnosis.html
https://doi.org/10.1016/s1473-3099(02)00452-8
https://doi.org/10.1016/s1473-3099(02)00452-8
https://doi.org/10.1371/journal.pone.0195979
https://doi.org/10.1371/journal.pone.0133209
https://doi.org/10.1371/journal.pone.0133209
https://doi.org/10.1128/cmr.00083-15
https://doi.org/10.1086/341511
https://www.cdc.gov/vaccines/pubs/pinkbook/downloads/table-of-contents.pdf
https://www.cdc.gov/vaccines/pubs/pinkbook/downloads/table-of-contents.pdf
https://iris.who.int/bitstream/handle/10665/242416/WER9035.PDF?sequence=1
https://iris.who.int/bitstream/handle/10665/242416/WER9035.PDF?sequence=1
https://doi.org/10.1128/cmr.00031-15
https://doi.org/10.1128/cmr.00031-15


37. Minnesota Department of Health. Pertussis (whooping cough). 
[accessed 2024 June 5]. https://www.health.state.mn.us/diseases/ 
pertussis/pfacts.pdf .

38. Gabutti G. Available evidence and potential for vaccines for reduc
tion in antibiotic prescriptions. Hum Vaccin Immunother. 
2022;18(7):2151291. doi:10.1080/21645515.2022.2151291  .

39. Marchetti F, Prato R, Viale P. Survey among Italian experts on 
existing vaccines’ role in limiting antibiotic resistance. Hum 
Vaccin Immunother. 2021;17(11):4283–4290. doi:10.1080/ 
21645515.2021.1969853  .

40. WHO. WHO-recommended standards for surveillance of selected 
vaccine preventable diseases [Internet]. World Health 
Organization; 1999 [accessed 2023 Oct 6]. https://apps.who.int/ 
iris/handle/10665/64165 .

41. ECDC. Surveillance atlas of infectious diseases for infectious dis
eases: Pertussis [Internet]. European Centre For Disease 
Prevention and Control; 2021 [accessed 2023 Aug 18]. https:// 
a t l a s . e c d c . e u r o p a . e u / p u b l i c / i n d e x . a s p x ? D a t a s e t =  
27&HealthTopic=38 .

42. Jog P, Memon IA, Thisyakorn U, Hozbor D, Heininger U, von 
König CHW, Tan T. Pertussis in Asia: recent country-specific data 
and recommendations. Vaccine. 2022;40(8):1170–1179. doi:10. 
1016/j.vaccine.2021.12.004  .

43. Guiso N, König C. Surveillance of pertussis: methods and 
implementation. Expert Rev Anti Infect Ther. 2016;14 
(7):657–667. doi:10.1080/14787210.2016.1190272  .

44. CDC. Manual for the surveillance of vaccine-preventable diseases 
chapter 10: pertussis [Internet]. Centers for Disease Control and 
Prevention; 2020 [accessed 2023 Sep 12]. https://www.cdc.gov/ 
vaccines/pubs/surv-manual/chpt10-pertussis.html# .

45. London School of Hygiene and Tropical Medicine. Surveillance - 
methods: types of surveillance [Internet]. 2009 [accessed 2023 
Sep 17].

46. Weinberger B. Vaccination of adults and the older population 
against tetanus, diphtheria, pertussis, and tick-borne encephalitis: 
the importance of booster vaccinations throughout life. Interdiscip 
Top Gerontol Geriatr. 2020;43:146–157. doi:10.1159/000504489  .

47. Leidner AJ, Murthy N, Chesson HW, Biggerstaff M, Stoecker C, 
Harris AM, Acosta A, Dooling K, Bridges CB. Cost-effectiveness of 
adult vaccinations: a systematic review. Vaccine. 2019;37 
(2):226–234. doi:10.1016/j.vaccine.2018.11.056  .

48. WHO. Pertussis. [accessed 2024 June 5]. https://www.who.int/ 
teams/health-product-policy-and-standards/standards-and- 
specifications/vaccine-standardization/pertussis .

49. Baïssas T, Boisnard F, Cuesta Esteve I, Garcia Sánchez M, 
Jones CE, Rigoine de Fougerolles T, Tan L, Vitoux O, Klein C. 
Vaccination in pregnancy against pertussis and seasonal influenza: 
key learnings and components from high-performing vaccine pro
grammes in three countries: the United Kingdom, the United 
States and Spain. BMC Public Health. 2021;21(1):2182. doi:10. 
1186/s12889-021-12198-2  .

50. CDC. Vaccination coverage among adults in the United States, 
National Health Interview Survey, 2019–2020 [Internet]. Centers 
for Disease Control and Prevention; 2022 [accessed 2023 Aug 18]. 
https://www.cdc.gov/vaccines/imz-managers/coverage/adultvax 
view/pubs-resources/vaccination-coverage-adults-2019-2020.html .

51. UK Health Security Agency. Prenatal pertussis vaccination cover
age in England from January to March 2023 and annual coverage 
for 2022 to 2023 [Internet]. 2023 [accessed 2023 Oct 6]. https:// 
www.gov.uk/government/publications/pertussis-immunisation-in 
-pregnancy-vaccine-coverage-estimates-in-england-october 
-2013-to-march-2014/prenatal-pertussis-vaccination-coverage-in- 
england-from-january-to-march-2023-and-annual-coverage-for 
-2022-to-2023 .

52. Chen Z, He Q. Immune persistence after pertussis vaccination. 
Hum Vaccin Immunother. 2017;13(4):744–756. doi:10.1080/ 
21645515.2016.1259780  .

53. Alghounaim M, Alsaffar Z, Alfraij A, Bin-Hasan S, Hussain E. 
Whole-cell and acellular pertussis vaccine: reflections on efficacy. 
Med Princ Pract. 2022;31(4):313–321. doi:10.1159/000525468  .

54. Michie S, van Stralen MM, West R. The behaviour change wheel: 
a new method for characterising and designing behaviour change 
interventions. Implement Sci. 2011;6(1):42. doi:10.1186/1748- 
5908-6-42  .

55. Ridda I, Gao Z, MacIntyre CR. Attitudes, knowledge and percep
tions towards whooping cough and pertussis vaccine in hospita
lized adults. Vaccine. 2014;32(9):1107–1112. doi:10.1016/j.vaccine. 
2013.12.010  .

56. Miller BL, Kretsinger K, Euler GL, Lu P-J, Ahmed F. Barriers to 
early uptake of tetanus, diphtheria and acellular pertussis vaccine 
(Tdap) among adults—United States, 2005–2007. Vaccine. 2011;29 
(22):3850–3856. doi:10.1016/j.vaccine.2011.03.058  .

57. Riccio M, Marte M, Imeshtari V, Vezza F, Barletta VI, Shaholli D, 
Colaprico C, Di Chiara M, Caresta E, Terrin G, et al. Analysis of 
knowledge, attitudes and behaviours of health care workers 
towards vaccine-preventable diseases and recommended vaccina
tions: an observational study in a teaching hospital. Vaccines. 
2023;11(1):196. doi:10.3390/vaccines11010196  .

58. Hoffait M, Hanlon D, Benninghoff B, Calcoen S. Pertussis knowl
edge, attitude and practices among European health care profes
sionals in charge of adult vaccination. Hum Vaccin. 2011;7 
(2):197–201. doi:10.4161/hv.7.2.13918  .

59. Pelullo CP, Della Polla G, Napolitano F, Di Giuseppe G, 
Angelillo IF. Healthcare workers’ knowledge, attitudes, and prac
tices about vaccinations: a cross-sectional study in Italy. Vaccines. 
2020;8(2):148. doi:10.3390/vaccines8020148  .

60. Kandeil W, Atanasov P, Avramioti D, Fu J, Demarteau N, Li X. 
The burden of pertussis in older adults: what is the role of vaccina
tion? A systematic literature review. Expert Rev Vaccines. 2019;18 
(5):439–455. doi:10.1080/14760584.2019.1588727  .

61. De Serres G, Shadmani R, Duval B, Boulianne N, Déry P, Douville 
Fradet M, Rochette L, Halperin SA. Morbidity of pertussis in 
adolescents and adults. J Infect Dis. 2000;182(1):174–179. doi:10. 
1086/315648  .

62. Postels-Multani S, Schmitt HJ, Wirsing von König CH, Bock HL, 
Bogaerts H. Symptoms and complications of pertussis in adults. 
Infection. 1995;23(3):139–142. doi:10.1007/bf01793853  .

63. Leong RNF, Wood JG, Liu B, McIntyre PB, Newall AT. High 
healthcare resource utilisation due to pertussis in Australian adults 
aged 65 years and over. Vaccine. 2020;38(19):3553–3559. doi:10. 
1016/j.vaccine.2020.03.021  .

64. McGuiness CB, Hill J, Fonseca E, Hess G, Hitchcock W, 
Krishnarajah G. The disease burden of pertussis in adults 50  
years old and older in the United States: a retrospective study. 
BMC Infect Dis. 2013;13(1):32. doi:10.1186/1471-2334-13-32  .

65. Lee LH, Pichichero ME. Costs of illness due to Bordetella pertussis 
in families. Arch Fam Med. 2000;9(10):989–996. doi:10.1001/arch 
fami.9.10.989  .

66. Wilder‐Smith A, Boudville I, Earnest A, Heng SL, Bock HL. 
Knowledge, attitude, and practices with regard to adult pertussis 
vaccine booster in travelers. J Travel Med. 2007;14(3):145–150. 
doi:10.1111/j.1708-8305.2007.00109.x  .

67. Walker JL, Rentsch CT, McDonald HI, Bak J, Minassian C, 
Amirthalingam G, Edelstein M, Thomas S. Social determinants 
of pertussis and influenza vaccine uptake in pregnancy: a national 
cohort study in England using electronic health records. BMJ 
Open. 2021;11(6):e046545. doi:10.1136/bmjopen-2020-046545  .

68. Ekezie W, Awwad S, Krauchenberg A, Karara N, Dembiński Ł, 
Grossman Z, Del Torso S, Dornbusch HJ, Neves A, Copley S, et al. 
Access to vaccination among disadvantaged, isolated and 
difficult-to-reach communities in the WHO European region: 
a systematic review. Vaccines (Basel). 2022;10(7):1038. doi:10. 
3390/vaccines10071038  .

69. British Geriatric Society. Vaccination programmes in older people 
[Internet]. British Geriatric Society; 2018 [accessed 2023 Sep 19]. 
https://www.bgs.org.uk/resources/vaccination-programmes-in- 
older-people .

70. Lassi ZS, Naseem R, Salam RA, Siddiqui F, Das JK. The impact of 
the COVID-19 pandemic on immunization campaigns and 

10 C. R. MACINTYRE ET AL.

https://www.health.state.mn.us/diseases/pertussis/pfacts.pdf
https://www.health.state.mn.us/diseases/pertussis/pfacts.pdf
https://doi.org/10.1080/21645515.2022.2151291
https://doi.org/10.1080/21645515.2021.1969853
https://doi.org/10.1080/21645515.2021.1969853
https://apps.who.int/iris/handle/10665/64165
https://apps.who.int/iris/handle/10665/64165
https://atlas.ecdc.europa.eu/public/index.aspx?Dataset=27%26HealthTopic=38
https://atlas.ecdc.europa.eu/public/index.aspx?Dataset=27%26HealthTopic=38
https://atlas.ecdc.europa.eu/public/index.aspx?Dataset=27%26HealthTopic=38
https://doi.org/10.1016/j.vaccine.2021.12.004
https://doi.org/10.1016/j.vaccine.2021.12.004
https://doi.org/10.1080/14787210.2016.1190272
https://www.cdc.gov/vaccines/pubs/surv-manual/chpt10-pertussis.html#
https://www.cdc.gov/vaccines/pubs/surv-manual/chpt10-pertussis.html#
https://doi.org/10.1159/000504489
https://doi.org/10.1016/j.vaccine.2018.11.056
https://www.who.int/teams/health-product-policy-and-standards/standards-and-specifications/vaccine-standardization/pertussis
https://www.who.int/teams/health-product-policy-and-standards/standards-and-specifications/vaccine-standardization/pertussis
https://www.who.int/teams/health-product-policy-and-standards/standards-and-specifications/vaccine-standardization/pertussis
https://doi.org/10.1186/s12889-021-12198-2
https://doi.org/10.1186/s12889-021-12198-2
https://www.cdc.gov/vaccines/imz-managers/coverage/adultvaxview/pubs-resources/vaccination-coverage-adults-2019-2020.html
https://www.cdc.gov/vaccines/imz-managers/coverage/adultvaxview/pubs-resources/vaccination-coverage-adults-2019-2020.html
https://www.gov.uk/government/publications/pertussis-immunisation-in-pregnancy-vaccine-coverage-estimates-in-england-october-2013-to-march-2014/prenatal-pertussis-vaccination-coverage-in-england-from-january-to-march-2023-and-annual-coverage-for-2022-to-2023
https://www.gov.uk/government/publications/pertussis-immunisation-in-pregnancy-vaccine-coverage-estimates-in-england-october-2013-to-march-2014/prenatal-pertussis-vaccination-coverage-in-england-from-january-to-march-2023-and-annual-coverage-for-2022-to-2023
https://www.gov.uk/government/publications/pertussis-immunisation-in-pregnancy-vaccine-coverage-estimates-in-england-october-2013-to-march-2014/prenatal-pertussis-vaccination-coverage-in-england-from-january-to-march-2023-and-annual-coverage-for-2022-to-2023
https://www.gov.uk/government/publications/pertussis-immunisation-in-pregnancy-vaccine-coverage-estimates-in-england-october-2013-to-march-2014/prenatal-pertussis-vaccination-coverage-in-england-from-january-to-march-2023-and-annual-coverage-for-2022-to-2023
https://www.gov.uk/government/publications/pertussis-immunisation-in-pregnancy-vaccine-coverage-estimates-in-england-october-2013-to-march-2014/prenatal-pertussis-vaccination-coverage-in-england-from-january-to-march-2023-and-annual-coverage-for-2022-to-2023
https://www.gov.uk/government/publications/pertussis-immunisation-in-pregnancy-vaccine-coverage-estimates-in-england-october-2013-to-march-2014/prenatal-pertussis-vaccination-coverage-in-england-from-january-to-march-2023-and-annual-coverage-for-2022-to-2023
https://doi.org/10.1080/21645515.2016.1259780
https://doi.org/10.1080/21645515.2016.1259780
https://doi.org/10.1159/000525468
https://doi.org/10.1186/1748-5908-6-42
https://doi.org/10.1186/1748-5908-6-42
https://doi.org/10.1016/j.vaccine.2013.12.010
https://doi.org/10.1016/j.vaccine.2013.12.010
https://doi.org/10.1016/j.vaccine.2011.03.058
https://doi.org/10.3390/vaccines11010196
https://doi.org/10.4161/hv.7.2.13918
https://doi.org/10.3390/vaccines8020148
https://doi.org/10.1080/14760584.2019.1588727
https://doi.org/10.1086/315648
https://doi.org/10.1086/315648
https://doi.org/10.1007/bf01793853
https://doi.org/10.1016/j.vaccine.2020.03.021
https://doi.org/10.1016/j.vaccine.2020.03.021
https://doi.org/10.1186/1471-2334-13-32
https://doi.org/10.1001/archfami.9.10.989
https://doi.org/10.1001/archfami.9.10.989
https://doi.org/10.1111/j.1708-8305.2007.00109.x
https://doi.org/10.1136/bmjopen-2020-046545
https://doi.org/10.3390/vaccines10071038
https://doi.org/10.3390/vaccines10071038
https://www.bgs.org.uk/resources/vaccination-programmes-in-older-people
https://www.bgs.org.uk/resources/vaccination-programmes-in-older-people


programs: a systematic review. Int J Environ Res Public Health. 
2021;18(3):988. doi:10.3390/ijerph18030988  .

71. Bramer CA, Kimmins LM, Swanson R, Kuo J, Vranesich P, 
Jacques-Carroll LA, Shen AK. Decline in child vaccination cover
age during the COVID-19 pandemic — Michigan care improve
ment registry, May 2016–May 2020. MMWR Morb Mortal Wkly 
Rep. 2020;69(20):630–631. doi:10.15585/mmwr.mm6920e1  .

72. Buonsenso D, Cinicola B, Kallon MN, Iodice F. Child healthcare 
and immunizations in sub-Saharan Africa during the COVID-19 
pandemic. Front Pediatr. 2020;8:517. doi:10.3389/fped.2020.00517  .

73. Moraga-Llop FA, Fernández-Prada M, Grande-Tejada AM, 
Martínez-Alcorta LI, Moreno-Pérez D, Pérez-Martín JJ. 
Recuperando las coberturas vacunales perdidas en la pandemia 
de COVID-19. Vacunas. 2020;21(2):129–135. doi:10.1016/j.vacun. 
2020.07.001  .

74. Tessier E, Campbell H, Ribeiro S, Rai Y, Burton S, Roy P, Fry NK, 
Litt D, Amirthalingam G. Impact of the COVID-19 pandemic on 
Bordetella pertussis infections in England. BMC Public Health. 
2022;22(1):405. doi:10.1186/s12889-022-12830-9  .

75. Skirrow H, Flynn C, Heller A, Heffernan C, Mounier-Jack S, 
Chantler T. Delivering routine immunisations in London during 
the COVID-19 pandemic: lessons for future vaccine delivery. A 
mixed-methods study. BJGP Open. 2021;5(4):BJGPO.2021.0021. 
doi:10.3399/bjgpo.2021.0021  .

76. Liu BC, McIntyre P, Kaldor JM, Quinn HE, Ridda I, Banks E. 
Pertussis in older adults: prospective study of risk factors and 
morbidity. Clin Infect Dis. 2012;55(11):1450–1456. doi:10.1093/ 
cid/cis627  .

77. Karki S, McIntyre P, Newall AT, MacIntyre CR, Banks E, Liu B. 
Risk factors for pertussis hospitalizations in Australians aged 45 
years and over: a population based nested case-control study. 
Vaccine. 2015;33(42):5647–5653. doi:10.1016/j.vaccine.2015.08. 
068  .

78. Mbayei SA, Faulkner A, Miner C, Edge K, Cruz V, Peña SA, 
Kudish K, Coleman J, Pradhan E, Thomas S, et al. Severe pertussis 
infections in the United States, 2011-2015. Clin Infect Dis. 2019;69 
(2):218–226. doi:10.1093/cid/ciy889  .

79. Crowcroft NS, Andrews N, Rooney C, Brisson M, Miller E. Deaths 
from pertussis are underestimated in England. Arch Dis Child. 
2002;86(5):336–338. doi:10.1136/adc.86.5.336  .

80. Mertens PLJM, Stals FS, Schellekens JFP, Houben AW, Huisman J. 
An epidemic of pertussis among elderly people in a religious 
institution in the Netherlands. Eur J Clin Microbiol Infect Dis. 
1999;18(4):242–247. doi:10.1007/s100960050271  .

81. Crooke SN, Ovsyannikova IG, Poland GA, Kennedy RB. 
Immunosenescence and human vaccine immune responses. 
Immun Ageing. 2019;16(1):25. doi:10.1186/s12979-019-0164-9  .

82. Broutin H, Rohani P, Guégan JF, Grenfell BT, Simondon F. Loss of 
immunity to pertussis in a rural community in Senegal. Vaccine. 
2004;22(5–6):594–596. doi:10.1016/j.vaccine.2003.07.018  .

83. Divo MJ, Martinez CH, Mannino DM. Ageing and the epidemiol
ogy of multimorbidity. Eur Respir J. 2014;44(4):1055–1068. doi:10. 
1183/09031936.00059814  .

84. Ferson MJ, Morgan K, Robertson PW, Hampson AW, Carter I, 
Rawlinson WD. Concurrent summer influenza and pertussis out
breaks in a nursing home in Sydney, Australia. Infect Control 
Hosp Epidemiol. 2004;25(11):962–966. doi:10.1086/502327  .

85. Addiss DG, Davis JP, Meade BD, Burstyn DG, Meissner M, 
Zastrow JA, Berg JL, Drinka P, Phillips R. A pertussis outbreak 
in a Wisconsin nursing home. J Infect Dis. 1991;164(4):704–710. 
doi:10.1093/infdis/164.4.704  .

86. Rosewell A, Chiu C, Lindley R, Dwyer DE, Moffatt CR, 
Shineberg C, Clarke E, Booy R, MacIntyre CR. Surveillance for 
outbreaks of influenza-like illness in the institutionalized elderly. 
Epidemiol Infect. 2010;138(8):1126–1134. doi:10.1017/ 
s0950268809991440  .

87. Buck PO, Meyers JL, Gordon LD, Parikh R, Kurosky SK, Davis KL. 
Economic burden of diagnosed pertussis among individuals with 
asthma or chronic obstructive pulmonary disease in the USA: an 

analysis of administrative claims. Epidemiol Infect. 2017;145 
(10):2109–2121. doi:10.1017/s0950268817000887  .

88. Smith AP, Williams EP, Plunkett TR, Selvaraj M, Lane LC, 
Zalduondo L, Xue Y, Vogel P, Channappanavar R, Jonsson CB, 
et al. Time-dependent increase in susceptibility and severity of 
secondary bacterial infections during SARS-CoV-2. Front 
Immunol. 2022;13:894534. doi:10.3389/fimmu.2022.894534  .

89. CDC. National Center for Health Statistics. Health, United States, 
2017: with special feature on mortality [Internet]. Centers for 
Disease Control and Prevention; 2017 [accessed 2023 Oct 6].

90. Harpaz R, Dahl RM, Dooling KL. Prevalence of immunosuppres
sion among US adults, 2013. JAMA. 2016;316(23):2547–2548. 
doi:10.1001/jama.2016.16477  .

91. Small TN, Zelenetz AD, Noy A, Rice RD, Trippett TM, Abrey L, 
Portlock CS, McCullagh EJ, Vanak JM, Mulligan AM, et al. 
Pertussis immunity and response to tetanus-reduced 
diphtheria-reduced pertussis vaccine (Tdap) after autologous per
ipheral blood stem cell transplantation. Biol Blood Marrow 
Transpl. 2009;15(12):1538–1542. doi:10.1016/j.bbmt.2009.07.018  .

92. Cunegundes KS, de Moraes-Pinto MI, Takahashi TN, 
Kuramoto DA, Weckx LY. Bordetella pertussis infection in pae
diatric healthcare workers. J Hosp Infect. 2015;90(2):163–166. 
doi:10.1016/j.jhin.2015.02.016  .

93. Deville JG, Cherry JD, Christenson PD, Pineda E, Leach CT, 
Kuhls TL, Viker S. Frequency of unrecognized Bordetella pertussis 
infections in adults. Clin Infect Dis. 1995;21(3):639–642. doi:10. 
1093/clinids/21.3.639  .

94. Petridou C, Gray H, Heard M, Sugden L, Davis-Blues K, Cortes N, 
Edwards M, Saeed K. Outbreak of pertussis among healthcare 
workers in a hospital maternity unit. J Infect Prev. 2017;18 
(5):253–255. doi:10.1177/1757177417693678  .

95. Pascual FB, McCall CL, McMurtray A, Payton T, Smith F, 
Bisgard KM. Outbreak of pertussis among healthcare workers in 
a hospital surgical unit. Infect Control Hosp Epidemiol. 2006;27 
(6):546–552. doi:10.1086/506232  .

96. Kofahl M, Starke KR, Hellenbrand W, Freiberg A, Schubert M, 
Schmauder S, Groß ML, Hegewald J, Kämpf D, Stranzinger J, et al. 
Vaccine-preventable infections in childcare workers. Dtsch 
Arztebl Int. 2020;117(21):365–372. doi:10.3238/arztebl.2020.0365  .

97. CDC. Pertussis: summary of vaccine recommendations [Internet]. 
Centers for Disease Control and Prevention; 2020 [accessed 2023 
Aug 18]. https://www.cdc.gov/vaccines/vpd/pertussis/recs- 
summary.html .

98. ECDC. Vaccine scheduler: pertussis recommended vaccinations 
[Internet]. European Centre for Disease Prevention and Control; 
2023 [accessed 2023 Aug 18]. https://vaccine-schedule.ecdc. 
e u r o p a . e u / S c h e d u l e r / B y D i s e a s e ? S e l e c t e d D i s e a s e I d =  
3&SelectedCountryIdByDisease=-1 .

99. OECD, World Health Organization. Health at a glance: Asia/ 
Pacific 2020 [Internet]. 2020 [accessed 2023 Sep 6]. https://www. 
oecd-ilibrary.org/content/publication/26b007cd-en .

100. Pan American Health Organization, World Health Organization. 
Maternal and neonatal immunization field guide [Internet]. 2017 
[accessed 2023 Oct 6]. https://iris.paho.org/handle/10665.2/34150 .

101. Urwyler P, Heininger U. Protecting newborns from pertussis – the 
challenge of complete cocooning. BMC Infect Dis. 2014;14:397. 
doi:10.1186/1471-2334-14-397  .

102. Federal Ministry Republic of Austria. Tabelle Impfplan Österreich 
2023/2024 [Internet]. Federal Ministry Republic of Austria; 2023 
[accessed 2023 Oct 6]. https://www.sozialministerium.at/dam/ 
jcr:35c00da7-5353-4281-9aac-0eae69d23838/Tabelle_Impfplan_% 
C3%96sterreich_2023_2024_Version1.0.pdf .

103. Bundesamt für Gesundheit BAG. Schweizerischer Impfplan 
[Internet]. 2023 [accessed 2023 Sep 6]. www.bag.admin.ch/ 
impfplan .

104. Czech Vaccinological Society. Vaccination calendar for adults - by 
age [Internet]. 2019 [accessed 2023 Oct 6]. https://www.vakcinace. 
eu/data/files/downloads/ockovaci_kalendar_dospsdatem.pdf .

105. Finnish Institute for Health and Welfare. Adolescent and adult 
diphtheria, tetanus and pertussis vaccine (DTaP) [Internet]. 2023 

HUMAN VACCINES & IMMUNOTHERAPEUTICS 11

https://doi.org/10.3390/ijerph18030988
https://doi.org/10.15585/mmwr.mm6920e1
https://doi.org/10.3389/fped.2020.00517
https://doi.org/10.1016/j.vacun.2020.07.001
https://doi.org/10.1016/j.vacun.2020.07.001
https://doi.org/10.1186/s12889-022-12830-9
https://doi.org/10.3399/bjgpo.2021.0021
https://doi.org/10.1093/cid/cis627
https://doi.org/10.1093/cid/cis627
https://doi.org/10.1016/j.vaccine.2015.08.068
https://doi.org/10.1016/j.vaccine.2015.08.068
https://doi.org/10.1093/cid/ciy889
https://doi.org/10.1136/adc.86.5.336
https://doi.org/10.1007/s100960050271
https://doi.org/10.1186/s12979-019-0164-9
https://doi.org/10.1016/j.vaccine.2003.07.018
https://doi.org/10.1183/09031936.00059814
https://doi.org/10.1183/09031936.00059814
https://doi.org/10.1086/502327
https://doi.org/10.1093/infdis/164.4.704
https://doi.org/10.1017/s0950268809991440
https://doi.org/10.1017/s0950268809991440
https://doi.org/10.1017/s0950268817000887
https://doi.org/10.3389/fimmu.2022.894534
https://doi.org/10.1001/jama.2016.16477
https://doi.org/10.1016/j.bbmt.2009.07.018
https://doi.org/10.1016/j.jhin.2015.02.016
https://doi.org/10.1093/clinids/21.3.639
https://doi.org/10.1093/clinids/21.3.639
https://doi.org/10.1177/1757177417693678
https://doi.org/10.1086/506232
https://doi.org/10.3238/arztebl.2020.0365
https://www.cdc.gov/vaccines/vpd/pertussis/recs-summary.html
https://www.cdc.gov/vaccines/vpd/pertussis/recs-summary.html
https://vaccine-schedule.ecdc.europa.eu/Scheduler/ByDisease?SelectedDiseaseId=3%26SelectedCountryIdByDisease=-1
https://vaccine-schedule.ecdc.europa.eu/Scheduler/ByDisease?SelectedDiseaseId=3%26SelectedCountryIdByDisease=-1
https://vaccine-schedule.ecdc.europa.eu/Scheduler/ByDisease?SelectedDiseaseId=3%26SelectedCountryIdByDisease=-1
https://www.oecd-ilibrary.org/content/publication/26b007cd-en
https://www.oecd-ilibrary.org/content/publication/26b007cd-en
https://iris.paho.org/handle/10665.2/34150
https://doi.org/10.1186/1471-2334-14-397
https://www.sozialministerium.at/dam/jcr:35c00da7-5353-4281-9aac-0eae69d23838/Tabelle_Impfplan_%25C3%2596sterreich_2023_2024_Version1.0.pdf
https://www.sozialministerium.at/dam/jcr:35c00da7-5353-4281-9aac-0eae69d23838/Tabelle_Impfplan_%25C3%2596sterreich_2023_2024_Version1.0.pdf
https://www.sozialministerium.at/dam/jcr:35c00da7-5353-4281-9aac-0eae69d23838/Tabelle_Impfplan_%25C3%2596sterreich_2023_2024_Version1.0.pdf
http://www.bag.admin.ch/impfplan
http://www.bag.admin.ch/impfplan
https://www.vakcinace.eu/data/files/downloads/ockovaci_kalendar_dospsdatem.pdf
https://www.vakcinace.eu/data/files/downloads/ockovaci_kalendar_dospsdatem.pdf


[accessed 2023 Sep 24]. https://thl.fi/fi/web/infektiotaudit-ja- 
rokotukset/rokotteet-a-o/jaykkakouristus-kurkkumata-hinkuyska 
-polio-ja-hib-yhdistelmarokotteet/nuorten-ja-aikuisten- 
kurkkumata-jaykkakouristus-ja-hinkuyskarokote-dtap#kenelle .

106. Greek Ministry of Health. Adult vaccination schedule 2023 
[Internet]. 2023 [accessed 2023 Oct 6]. https://www.moh.gov.gr/ 
articles/health/dieythynsh-dhmosias-ygieinhs/emboliasmoi/eth 
niko-programma-emboliasmwn-epe-enhlikwn/11251-ethniko- 
programma-emboliasmwn-enhlikwn-2023 .

107. Greve-Isdahl M. Pertussis vaccine (Pertussis) - guide for health 
personnel - ordering and dispensing vaccine [Internet]. 
Norwegian Institute of Public Health; 2019 [accessed 2023 Sep 
24]. https://www.fhi.no/va/vaksinasjonsveilederen-for- 
helsepersonell/vaksiner-mot-de-enkelte-sykdommene/kikhoste 
vaksinasjon-pertussis—vei/?term=#kikhostevaksine .

108. Ministry of Health (Italy). Vaccination calendar [Internet]. Italian 
Ministry of Health; 2023 [accessed 2023 Sep 24]. https://www. 
sa lute .gov . i t /porta le/vacc inazioni/det tag l ioContenut i  
Vaccinazioni.jsp?lingua=italiano&id=4829&area=vaccinazioni& 
menu=vuoto .

109. STIKO. Immunisation schedule [Internet]. Standing Committee 
on Vaccination; 2023 [accessed 2023 Oct 6]. https://www.rki.de/ 
DE/Content/Infekt/Impfen/Materialien/Impfkalender_mehrspra 
chig_Uebersicht_tab.html .

110. Vaccination info service.fr. Whooping cough - prescription - 
insurance - availability - administration [Internet]. 2023 [accessed 
2023 Sep 24]. https://professionnels.vaccination-info-service.fr/ 
Maladies-et-leurs-vaccins/Coqueluche .

111. Vaccination info service.fr. Vaccination at all ages 2023 calender 
[Internet]. 2023 [accessed 2023 Oct 6]. https://sante.gouv.fr/IMG/ 
pdf/depliant_flyer_frise_chrono_vaccination_2023.pdf .

112. Vaccination-Info. Belgium vaccination schedule [Internet]. 2023 
[accessed 2023 Oct 6]. https://www.vaccination-info.be/wp- 
content/uploads/2023/08/20230808_Calendriervaccination2023_ 
2024.pdf .

113. Hoe Nam L, Chiu CH, Heo JY, Ip M, Jung KS, Menzies R, 
Pearce R, Buchy P, Chen J, Nissen M, et al. The need for pertussis 
vaccination among older adults and high-risk groups: 
a perspective from advanced economies of the Asia Pacific 
region. Expert Rev Vaccines. 2021;20(12):1603–1617. doi:10. 
1080/14760584.2021.1990759  .

114. Thisyakorn U, Tantawichien T, Thisyakorn C, Buchy P. Pertussis 
in the association of Southeast Asian Nations: epidemiology and 
challenges. Int J Infect Dis. 2019;87:75–83. doi:10.1016/j.ijid.2019. 
07.016  .

115. GOLD. Global strategy for prevention, diagnosis and management 
of COPD [Internet]. Global Initiative for Chronic Obstructive 
Lung Disease; 2023 [accessed 2023 Oct 6]. https://goldcopd.org/ 
2023-gold-report-2/ .

116. GOLD. Global strategy for prevention, diagnosis and management 
of COPD. Global Initiative for Chronic Obstructive Lung Disease 
[Internet]. 2020 [accessed 2023 Sep 6]. https://goldcopd.org/wp- 
content/uploads/2019/12/GOLD-2020-FINAL-ver1.2-03Dec19_ 
WMV.pdf .

117. WHO. Pertussis vaccines: WHO position paper – 
January 2010 [Internet]. World Health Organization; 2010 
[accessed 2023 Sep 7]. https://www.who.int/publications/i/ 
item/WER8540 .

118. STIKO. Recommendations by the Standing Committee on 
Vaccination (STIKO) at the Robert Koch institute [Internet]. 
Robert Koch Institute; 2023 [accessed 2023 Oct 6]. https://www. 
rki.de/EN/Content/infections/Vaccination/recommandations/04_ 
23_englisch.pdf?__blob=publicationFile .

119. Public Health England. Pertussis: occupational vaccination of 
healthcare workers [Internet]. 2019 [accessed 2023 Sep 6]. 
https://www.gov.uk/government/publications/pertussis- 
occupational-vaccination-of-healthcare-workers/pertussis- 
occupational-vaccination-of-healthcare-workers .

120. Heininger U. Is there a need for a stand-alone acellular pertussis 
vaccine? Pediatr Infect Dis J. 2018;37(4):359–360. doi:10.1097/inf. 
0000000000001767  .

121. Schönfeld V, Heininger U, Littmann M, Steinmetz I, Matysiak- 
Klose D. Aktuelle Epidemiologie von Bordetella 
parapertussis-Infektionen in Deutschland. Epidemiologisches 
Bull. 2023;33:3–14.

122. Heil J, Ter Waarbeek HLG, Hoebe C, Jacobs PHA, van Dam DW, 
Trienekens TAM, Cals JWL, van Loo IHM, Dukers-Muijrers N. 
Pertussis surveillance and control: exploring variations and delays 
in testing, laboratory diagnostics and public health service notifi
cations, the Netherlands, 2010 to 2013. Euro Surveill. 2017;22(28). 
doi:10.2807/1560-7917.Es.2017.22.28.30571  .

123. CDC. Surround babies with protection [Internet]. Centers for 
Disease Control and Prevention; 2022 [accessed 2023 Oct 3]. 
https://www.cdc.gov/pertussis/pregnant/mom/protection.html .

124. Chasaide CN, Mills KHG. Next-generation pertussis vaccines 
based on the induction of protective T cells in the respiratory 
tract. Vaccines (Basel). 2020;8(4):621. doi:10.3390/vac 
cines8040621  .

125. Solans L, Locht C. The role of mucosal immunity in pertussis. 
Front Immunol. 2018;9:3068. doi:10.3389/fimmu.2018.03068.

12 C. R. MACINTYRE ET AL.

https://thl.fi/fi/web/infektiotaudit-ja-rokotukset/rokotteet-a-o/jaykkakouristus-kurkkumata-hinkuyska-polio-ja-hib-yhdistelmarokotteet/nuorten-ja-aikuisten-kurkkumata-jaykkakouristus-ja-hinkuyskarokote-dtap#kenelle
https://thl.fi/fi/web/infektiotaudit-ja-rokotukset/rokotteet-a-o/jaykkakouristus-kurkkumata-hinkuyska-polio-ja-hib-yhdistelmarokotteet/nuorten-ja-aikuisten-kurkkumata-jaykkakouristus-ja-hinkuyskarokote-dtap#kenelle
https://thl.fi/fi/web/infektiotaudit-ja-rokotukset/rokotteet-a-o/jaykkakouristus-kurkkumata-hinkuyska-polio-ja-hib-yhdistelmarokotteet/nuorten-ja-aikuisten-kurkkumata-jaykkakouristus-ja-hinkuyskarokote-dtap#kenelle
https://thl.fi/fi/web/infektiotaudit-ja-rokotukset/rokotteet-a-o/jaykkakouristus-kurkkumata-hinkuyska-polio-ja-hib-yhdistelmarokotteet/nuorten-ja-aikuisten-kurkkumata-jaykkakouristus-ja-hinkuyskarokote-dtap#kenelle
https://www.moh.gov.gr/articles/health/dieythynsh-dhmosias-ygieinhs/emboliasmoi/ethniko-programma-emboliasmwn-epe-enhlikwn/11251-ethniko-programma-emboliasmwn-enhlikwn-2023
https://www.moh.gov.gr/articles/health/dieythynsh-dhmosias-ygieinhs/emboliasmoi/ethniko-programma-emboliasmwn-epe-enhlikwn/11251-ethniko-programma-emboliasmwn-enhlikwn-2023
https://www.moh.gov.gr/articles/health/dieythynsh-dhmosias-ygieinhs/emboliasmoi/ethniko-programma-emboliasmwn-epe-enhlikwn/11251-ethniko-programma-emboliasmwn-enhlikwn-2023
https://www.moh.gov.gr/articles/health/dieythynsh-dhmosias-ygieinhs/emboliasmoi/ethniko-programma-emboliasmwn-epe-enhlikwn/11251-ethniko-programma-emboliasmwn-enhlikwn-2023
https://www.fhi.no/va/vaksinasjonsveilederen-for-helsepersonell/vaksiner-mot-de-enkelte-sykdommene/kikhostevaksinasjon-pertussis%E2%80%94vei/?term=#kikhostevaksine
https://www.fhi.no/va/vaksinasjonsveilederen-for-helsepersonell/vaksiner-mot-de-enkelte-sykdommene/kikhostevaksinasjon-pertussis%E2%80%94vei/?term=#kikhostevaksine
https://www.fhi.no/va/vaksinasjonsveilederen-for-helsepersonell/vaksiner-mot-de-enkelte-sykdommene/kikhostevaksinasjon-pertussis%E2%80%94vei/?term=#kikhostevaksine
https://www.salute.gov.it/portale/vaccinazioni/dettaglioContenutiVaccinazioni.jsp?lingua=italiano%26id=4829%26area=vaccinazioni%26menu=vuoto
https://www.salute.gov.it/portale/vaccinazioni/dettaglioContenutiVaccinazioni.jsp?lingua=italiano%26id=4829%26area=vaccinazioni%26menu=vuoto
https://www.salute.gov.it/portale/vaccinazioni/dettaglioContenutiVaccinazioni.jsp?lingua=italiano%26id=4829%26area=vaccinazioni%26menu=vuoto
https://www.salute.gov.it/portale/vaccinazioni/dettaglioContenutiVaccinazioni.jsp?lingua=italiano%26id=4829%26area=vaccinazioni%26menu=vuoto
https://www.rki.de/DE/Content/Infekt/Impfen/Materialien/Impfkalender_mehrsprachig_Uebersicht_tab.html
https://www.rki.de/DE/Content/Infekt/Impfen/Materialien/Impfkalender_mehrsprachig_Uebersicht_tab.html
https://www.rki.de/DE/Content/Infekt/Impfen/Materialien/Impfkalender_mehrsprachig_Uebersicht_tab.html
https://professionnels.vaccination-info-service.fr/Maladies-et-leurs-vaccins/Coqueluche
https://professionnels.vaccination-info-service.fr/Maladies-et-leurs-vaccins/Coqueluche
https://sante.gouv.fr/IMG/pdf/depliant_flyer_frise_chrono_vaccination_2023.pdf
https://sante.gouv.fr/IMG/pdf/depliant_flyer_frise_chrono_vaccination_2023.pdf
https://www.vaccination-info.be/wp-content/uploads/2023/08/20230808_Calendriervaccination2023_2024.pdf
https://www.vaccination-info.be/wp-content/uploads/2023/08/20230808_Calendriervaccination2023_2024.pdf
https://www.vaccination-info.be/wp-content/uploads/2023/08/20230808_Calendriervaccination2023_2024.pdf
https://doi.org/10.1080/14760584.2021.1990759
https://doi.org/10.1080/14760584.2021.1990759
https://doi.org/10.1016/j.ijid.2019.07.016
https://doi.org/10.1016/j.ijid.2019.07.016
https://goldcopd.org/2023-gold-report-2/
https://goldcopd.org/2023-gold-report-2/
https://goldcopd.org/wp-content/uploads/2019/12/GOLD-2020-FINAL-ver1.2-03Dec19_WMV.pdf
https://goldcopd.org/wp-content/uploads/2019/12/GOLD-2020-FINAL-ver1.2-03Dec19_WMV.pdf
https://goldcopd.org/wp-content/uploads/2019/12/GOLD-2020-FINAL-ver1.2-03Dec19_WMV.pdf
https://www.who.int/publications/i/item/WER8540
https://www.who.int/publications/i/item/WER8540
https://www.rki.de/EN/Content/infections/Vaccination/recommandations/04_23_englisch.pdf?__blob=publicationFile
https://www.rki.de/EN/Content/infections/Vaccination/recommandations/04_23_englisch.pdf?__blob=publicationFile
https://www.rki.de/EN/Content/infections/Vaccination/recommandations/04_23_englisch.pdf?__blob=publicationFile
https://www.gov.uk/government/publications/pertussis-occupational-vaccination-of-healthcare-workers/pertussis-occupational-vaccination-of-healthcare-workers
https://www.gov.uk/government/publications/pertussis-occupational-vaccination-of-healthcare-workers/pertussis-occupational-vaccination-of-healthcare-workers
https://www.gov.uk/government/publications/pertussis-occupational-vaccination-of-healthcare-workers/pertussis-occupational-vaccination-of-healthcare-workers
https://doi.org/10.1097/inf.0000000000001767
https://doi.org/10.1097/inf.0000000000001767
https://doi.org/10.2807/1560-7917.Es.2017.22.28.30571
https://www.cdc.gov/pertussis/pregnant/mom/protection.html
https://doi.org/10.3390/vaccines8040621
https://doi.org/10.3390/vaccines8040621
https://doi.org/10.3389/fimmu.2018.03068

	Abstract
	Introduction
	Methods
	Barriers to optimal assessment of disease burden and surveillance
	Under-recognition
	Under-diagnosis
	Under-reporting

	Barriers to adult Tdap immunization
	Capability-related barriers to vaccine uptake
	Motivation-related barriers to vaccine uptake
	Opportunity-related barriers to vaccine uptake

	Which adult populations are at greatest risk from pertussis and its complications?
	Older adults
	Adults with chronic respiratory comorbidities
	Cigarette smoking
	Adults with obesity
	Adults with immunocompromising conditions
	Healthcare workers and people working closely with children and young people

	Global and regional recommendations for vaccination
	Current childhood vaccination policies
	Adult vaccination recommendations
	Future considerations for adult booster recommendations

	Opportunities and recommendations for overcoming obstacles to effective adult diagnosis and vaccination
	Optimizing assessment of adult disease burden
	Optimizing uptake of Tdap vaccination

	Conclusion
	Acknowledgments
	Disclosure statement
	Funding
	ORCID
	Author contributions
	References

