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ABSTRACT

Introduction: Following the introduction of
pertussis vaccination during infancy, the age-
related demographics of pertussis epidemiology
have changed.

Methods: To better understand the pertussis
burden (defined here as number of cases and/or
incidence rate [IR]) among older adults (OA; at
least 50 years of age) in Europe, we collected
data on the reported number of cases and IR in
this population in Denmark, England and
Scotland, Finland, Germany, the Netherlands,
Norway and Sweden from 2010 to 2020. Addi-
tionally, we collected contextual epidemiologi-
cal information on surveillance systems, case
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definitions, laboratory diagnostics and vacci-
nation approaches.

Results: We observed large heterogeneity in the
burden among OA between countries: annual
IRs ranged from 0.4 (England, 2010) to 54.5
(Norway, 2011) per 100,000 population; 9%
(Denmark, 2010) to 45% (England, 2017) of all
reported cases occurred in OA. No clear impact
of changes in contextual epidemiological
information or common trends between coun-
tries could be observed, highlighting the need
for standardised pertussis surveillance pro-
grammes across Europe. The epidemiological
trends observed in OA were similar to those
observed in 0-4-year-olds.

Conclusion: This analysis showed that B. per-
tussis continues to circulate among OA in Eur-
ope, suggesting that current vaccination
strategies are insufficient to decrease the disease
burden in all age groups. This may indicate that
improved monitoring of pertussis in OA and
booster vaccination throughout adulthood are
necessary to control the total pertussis burden.

PLAIN LANGUAGE SUMMARY

Whooping cough is an infectious, vaccine-pre-
ventable disease that is primarily serious in
unvaccinated infants but can also affect adults
(at least 50 years old). While vaccination is well
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established in children, many countries do not
routinely vaccinate older adults. Moreover,
whooping cough infections in older adults can
be difficult to identify for healthcare profes-
sionals because of the atypical and mild nature
of symptoms. Consequently, the extent of
whooping cough occurrence in this population
is underestimated. To better understand the
extent of disease occurrence, we studied
whooping cough infections in Denmark, Eng-
land and Scotland, Finland, Germany, the
Netherlands, Norway and Sweden from 2010 to
2020. Our study was based on the number of
laboratory-confirmed cases reported to relevant
institutions. We also assessed whether we could
identify links between disease occurrence
among older adults and contextual epidemio-
logical information, such as disease monitoring
systems, methods used for laboratory confir-
mation, vaccination schedules and vaccination
coverage rates. Our study confirmed that
whooping cough affects older adults and disease
occurrence follows similar trends to those in O-
to 4-year-old children. Because the contextual
epidemiological information differed over time
and between countries, we could not establish
links with disease occurrence in older adults.
These data may provide further evidence to
authorities that whooping cough among older
adults would be better controlled and its burden
more accurately estimated with a reinforced
comprehensive approach around vaccination
and monitoring. Because adults can also infect
children who are not yet fully vaccinated, such
an approach might help further control the
disease in children.

Keywords: Acellular pertussis vaccine; Adult
vaccination; Booster vaccination;
Epidemiology; Europe; Laboratory diagnostics;
Older adults; Pertussis

Why carry out this study?

Following the introduction of pertussis
vaccination during infancy, the age-
related demographics of pertussis
epidemiology have changed.

We collected data on the pertussis burden
(defined here as “the number of pertussis
cases and/or incidence rate”) among older
adults (OA) in Denmark, England and
Scotland, Finland, Germany, the
Netherlands, Norway and Sweden, from
2010 to 2020 as well as on contextual
epidemiological information that may
underlie changes in pertussis
epidemiology.

What was learned from the study?

We observed that OA also carry a pertussis
burden, which increased over the
analytical period in several of the
countries that we analysed, and that the
proportion of reported cases that occurred
in OA also increased over time in most
countries.

The epidemiological trends observed in
OA were similar to those observed in
children 0-4 years of age and in the total
population, which may indicate that
better control of the burden among OA
may be necessary to efficiently control the
pertussis burden within a country.

To decrease the pertussis burden among
OA, and thereby help protect the most
vulnerable populations, a comprehensive
strategy is needed, which should ideally
comprise efforts that improve healthcare
professionals’ awareness of pertussis
infection among OA, increase the
notification rate and implement booster
vaccination throughout adulthood.
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DIGITAL FEATURES

This article is published with digital features,
including a video, to facilitate understanding of
the article. To view digital features for this
article, go to https://doi.org/10.6084/m9.
figshare.20066945.

INTRODUCTION

Pertussis, commonly known as whooping
cough, is caused by the bacterium Bordetella
pertussis [1]. It is a highly contagious disease,
with an estimated basic reproduction number
(Ro) around 5.5 [2], which is comparable to the
estimated R, of the severe acute respiratory
syndrome coronavirus 2 (SARS-CoV-2) Delta
variant [3]. Pertussis is characterized by cough-
ing fits that may be accompanied by choking,
vomiting and whooping [1, 4]. Before the
introduction of pertussis vaccination, disease
outbreaks followed a cyclical pattern, with
peaks occurring every 3-5 years [1, S].

To decrease the pertussis burden, whole-cell
pertussis and acellular pertussis (aP) vaccines are
available [6]. Because pertussis is considered a
childhood disease with the most severe cases
observed in unvaccinated infants [6], vaccina-
tion programmes are tailored to protect infants.
However, pertussis can also cause disease in
adults, with older age [4, 7] and underlying
conditions [8] being risk factors for persistent
disease (observed in more than 40% of those
over 60 years old with pertussis [4]) and hospi-
talisation [9]. Currently, 15 European countries
recommend booster vaccination against per-
tussis for all adults or for specific groups (e.g.
pregnant women) [10]. However, while cover-
age of the childhood primary vaccination
schedule is high, coverage of the adult
booster(s) remains below target [1, 11].

In Europe alone, there is substantial varia-
tion in the reported pertussis incidence between
countries in any given year; in 2018, the case
notification rate across Europe ranged from no
cases in Cyprus to 46.8 cases per 100,000 pop-
ulation in Norway [12]. Interpretation of the
pertussis burden depends on several factors,
including pertussis surveillance systems, case

definitions, laboratory diagnostics (including
the type of laboratory [state versus private] that
performs the tests), healthcare reimbursement
criteria, vaccination strategies and vaccination
coverage rates [13]. These factors can differ
between countries, as demonstrated by a com-
parative analysis of the pertussis burden in
Europe between 2000 and 2013, which hinders
reliability of comparisons [13].

Clinical pertussis case definitions have been
proposed and adopted by several institutions,
including the European Union Parliament and
Council and the World Health Organization
[12, 14, 15]. Despite some differences, they both
define a clinical pertussis case as having more
than 2 weeks of cough duration and paroxysms
of coughing, whooping or post-tussive vomit-
ing. Confirmation of a clinical case relies on
laboratory diagnostics using isolation of B. per-
tussis (culture), detection of genomic sequences
using polymerase chain reaction (PCR) or
detection of anti-pertussis toxin (PT) antibodies
(serology) [15, 16]. The reliability of laboratory
diagnostical methods depends on the age of the
patient (e.g. serology cannot be used in infants),
time since symptom onset (the sensitivity of
culture/PCR decreases with time) or pertussis
vaccination (serology can give a false positive
result in case of recent vaccination) and labo-
ratory protocols (e.g. PCR target genes or serol-
ogy targets [e.g. anti-PT IgG or IgA]) [17-20].

Initial diagnosis based on clinical symptoms
is challenging because symptoms may differ
between age groups [1, 14, 21]. Especially in
adults, pertussis behaves atypically, and many
cases remain undiagnosed [22]. This can be due
to delayed health-seeking behaviour in adults
who generally have mild symptoms and/or to
unawareness of adult pertussis among health-
care professionals (HCPs) [1]. Consequently, the
true pertussis burden is underestimated as has
been demonstrated in seroprevalence studies
[1]. Overall, it is clear that B. pertussis continues
to circulate and surveillance data highlight
changing demographics, with adults aged
50 years or more (“older adults” [OA]) now
proportionally more affected than before [1].
This is likely attributable to waning immunity
following vaccination or infection [23].
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Additionally, infected adults may serve as a
reservoir for infection of vulnerable populations
[1].

There is a gap in our understanding of the
true pertussis burden in OA [1, 24-26]. The
overview presented here aims to describe the
evolution of the pertussis burden (defined here
as the number of cases and/or incidence rate
[IR] per 100,000 population) and the pertussis
surveillance systems, case definitions, diagnos-
tical methods and vaccination strategies (re-
ferred to as contextual epidemiological
information) in OA in eight European countries
from 2010 to 2020, and to examine common
trends across countries.

A video with the main findings of this study
is available on the journal website; Supple-
mentary file S1 contains summaries per
country.

METHODS

Study Design

This was a descriptive overview of surveillance
data from 2010 to 2020 (inclusive; or the long-
est follow-up period available) on the number of
laboratory-confirmed cases, IR per 100,000
population and contextual epidemiological
information for pertussis in OA in eight Euro-
pean countries: Denmark, England and Scot-
land, Finland, Germany, the Netherlands,
Norway and Sweden. These countries were
selected because pertussis was notifiable at the
national level and/or because they had the most
complete and comparable contextual epidemi-
ological information available. In addition, we
briefly discuss data on the number of pertussis
cases and IR in Austria and Estonia (discussed
separately because they did not have the same
level of information available as the other
countries).

This overview was an analysis of anonymised
data from publicly accessible surveillance data-
bases, annual epidemiological reports, pub-
lished literature or governmental institutions;
thus, ethics or regulatory approvals were not
necessary.

Study Objectives

The objectives of this overview were:

e To describe the reported number of pertussis
cases, IR and contextual epidemiological
information among OA per country over
time, overall and stratified by age group
(strata of 5 or 10 years from 50 years of age
[YoA] to the highest age stratum, which
differed between countries from > 65 to
> 100 YoA)

e To describe the proportion of the reported
number of pertussis cases occurring in OA
compared to the total population

e To describe, across countries, how the
reported number of pertussis cases, IR and
contextual epidemiological information
among OA may share common trends

Because children aged 0-4 years are most
notably infected by pertussis, and adults may
asymptomatically carry B. pertussis and infect
(partly) unimmunised infants/children [1], we
also explored trends in the reported number of
pertussis cases and IR in children 0-4 YoA.

Data Collection

The following data were retrieved for

2010-2020:

e Reported number of pertussis cases and IR
among OA and all age groups per 100,000
population by calendar year. This includes
age-stratified reported number of pertussis
cases and IR for OA and data for children
aged 0—4 years (when available). The data for
all age groups are not presented in this
article but were used for calculation of the
proportion of cases that were reported
among OA.

e DPertussis surveillance: methods, case defini-
tions and laboratory assays.

e Pertussis vaccination: recommendations and
coverage.

Data were collected from publicly accessible
surveillance databases, annual epidemiological
reports, published literature or governmental
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institutions. Data sources are summarised in
Supplementary Table S1.

Data Analysis

All analyses were performed using Microsoft
Excel.

We performed a descriptive analysis; a sta-
tistical comparison between countries was not
considered suitable because of differences in
contextual epidemiological information
between/within countries throughout the fol-
low-up period. If data on IRs were not available,
the IR per 100,000 population was calculated by
dividing the reported number of pertussis cases
by the population at risk and multiplying by
100,000.

RESULTS

Number of Pertussis Cases and Incidence
Rate in Older Adults and Contextual
Epidemiological Information per Country

Denmark
In 2010-2011, the pertussis IR in OA was 1.8 per
100,000 population, which corresponded to 37
cases [27]. From 2012 onwards, the IR gradually
increased to 28.4 per 100,000 (647 cases) in
2019 [28, 29]. Pertussis outbreaks at the
national level were reported for 2011-2012,
2016 and 2019 (Fig. 1) [29, 30]. Between 9%
(2010) and 20% (2018) of all reported cases
occurred in OA; the proportion of cases reported
in OA was 9 percentage points (pp) higher at the
end (2019) of the analytical period than at the
start (2010) (Supplementary Fig. S1) [27-29].
Denmark wused passive, population-based
surveillance with mandatory, case-based
reporting of laboratory-confirmed cases [27]. In
OA with less than 3 weeks of symptom duration
or with vaccination in the preceding 2 years,
PCR diagnostics (and/or culture) was recom-
mended [27, 31-33]. In other cases, serology
was recommended (Table 1; Supplementary
Table S2) [27, 31-33]. Pertussis diagnostical tests
were primarily performed in state laboratories;
general practitioner (GP) visits and laboratory

tests were fully reimbursed (Table 1; Supple-
mentary Table S3). There was no recommenda-
tion for pertussis vaccination in OA (Table 1;
Supplementary Table S4) [27, 29, 34, 35].

England and Scotland

The pertussis IR among OA in 2010 was 0.42 per
100,000 (76 cases) in England and 1.2 per
100,000 (22 cases) in Scotland, after which a
sharp peak was observed that reflected a per-
tussis outbreak at the national level (and across
Europe [36]). The IR in 2012 was 12.9 per
100,000 (2407 cases) in England and 28.0 per
100,000 (552 cases) in Scotland. In 2013-2014,
the burden decreased, followed by another
lower peak in 2016. The IR remained at a higher
level after the 2012 outbreak compared to
before (Fig.1). Between 20% (England, 2010;
Scotland, 2011) and 38% (Scotland, 2017) to
45% (England, 2017) of all reported pertussis
cases occurred in OA; the proportion of cases
reported in OA was 7 percentage points (pp)
(Scotland) to 10 pp (England) higher at the end
(2019) of the analytical period than at the start
(2010) (Supplementary Fig. S1).

England and Scotland employed passive,
population-based surveillance (enhanced pas-
sive surveillance for laboratory-confirmed
cases); reporting was mandatory for laboratory-
confirmed cases [37, 38]. Laboratory confirma-
tion relied on PCR and culture if symptom
duration was less than 3 weeks and on serology
if cough symptom duration was more than
2 weeks and there was no vaccination in the
preceding year (Tablel1; Supplementary
Table S2) [16, 33, 37, 38]. Testing was performed
by state laboratories and was fully reimbursed,
as were GP visits (Table 1; Supplementary
Table S3) [39, 40]. There was no recommenda-
tion for pertussis vaccination in OA (Table 1;
Supplementary Table S4) [41-45].

Finland

The pertussis IR among OA was 4.0 per 100,000
(85 cases) in 2011 [46]. It decreased to 0.8 per
100,000 (18 cases) in 2015, and steadily
increased from 2016 onwards, with a maximum
of 5.0 per 100,000 (116 cases) in 2019 [46]. No
reports on national outbreaks were identified,
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«Fig. 1 Number of pertussis cases and incidence rate per
100,000 population in older adults from 2010 to 2020.
*Serology diagnostics was introduced at the Statens Serum
Institut in 2010; bin 2012, a booster dose was introduced
for military personnel and healthcare professionals working
with infants and in 2018 for the total population at
25 years of age; laboratories were obliged to report all the
confirmed pertussis cases to the National Infectious
Diseases Register, but surveillance was not mandatory for
doctors. Bars represent number of cases (left y-axis; note
the different scale between panels) and lines represent the
incidence rate per 100,000 population (right y-axis; note
the different scale between panels). For England, data from
2019 were provisional. For the Netherlands, data from
2018 and 2019 were provisional. In the Netherlands,
vaccination in pregnancy was recommended since 2016
but only reimbursed from 2019 onwards. Data for
outbreaks are at the national level (all age groups) and
are based on the literature. Observed increases that were
not explicitly described in the literature were not indicated
as an outbreak on the figure. The increase observed in
England and Scotland in 2016 was a cyclical peak [83]. In
Germany, the number of pertussis cases was described to
have reached “a worrying record” in 2016 [84]

but the observed peak in 2011-2012 coincided
with an outbreak across Europe [36] (Fig.1).
Between 11% (2015) and 22% (2018) of all
reported pertussis cases occurred in OA; the
proportion of cases reported in OA was 6 pp
higher at the end of the analytical period (2019)
than at the start (2010) (Supplementary Fig. S1).

Pertussis surveillance was passive and popu-
lation-based; laboratories were obliged to report
all the confirmed pertussis cases to the National
Infectious Diseases Register, but surveillance
was not mandatory for doctors [47, 48]. For case
confirmation, PCR with optional culture was
used if cough duration was less than 3 weeks;
serology was used if cough duration was less
than 3 weeks (Table 1; Supplementary Table S2)
[33, 48, 49]. Laboratory testing was reimbursed
and performed in state/private laboratories. GP
visits were fully/partially reimbursed, depend-
ing on the municipality (Table 1;

Supplementary Table S3) [50]. Since 2012,
booster doses were recommended for military
personnel and HCPs working with infants and
since 2018 for 25-year-olds (Table 1; Supple-
mentary Table S4); the coverage for these
boosters was unknown [51].

Germany

The pertussis burden in OA steadily increased
from an IR of 1.8 per 100,000 (629 cases) in
2013 to 12.4 per 100,000 (4520 cases) in 2017
(data prior to 2013 were not included since
mandatory reporting only started in 2013) [52].
From 2018, the burden appeared to decrease to
an IR of 2.9 per 100,000 (1062 cases) in 2020
(Fig. 1). Social distancing and isolation during
the COVID-19 pandemic likely influenced the
data for 2020. Between 31% (2017) and 36%
(2013/2015/2020) of all reported cases occurred
in OA; the proportion of cases reported in OA
was 0.4 pp higher at the end of the analytical
period (2020) than at the start (2013) (Supple-
mentary Fig. S1) [52].

Germany employed passive, population-
based surveillance with case-based reporting,
which became mandatory in 2013 [12, 22, 53].
Reporting included cases that were only clini-
cally and/or epidemiologically confirmed;
however, for the purpose of this analysis, only
laboratory-confirmed clinical cases were con-
sidered. Laboratory confirmation included cul-
ture, PCR, and serology (the last of these only if
no pertussis vaccination in the preceding
3years) (Table1; Supplementary Table S2)
[16, 33, 54]. Testing was primarily performed in
private laboratories (reference laboratories for
culture) and GP visits and laboratory testing
were fully reimbursed (Table 1; Supplementary
Table S3). Booster doses were recommended for
childcare workers and HCPs (since 2003), for
adults in close contact with newborns/infants
(i.e. cocooning strategy; since 2004) and for all
adults (since 2007; a one-time booster, 10 years
after the last pertussis vaccination) (Table 1;
Supplementary Table S4) [55, 56]. The 10-year
vaccination rate for the booster dose recom-
mended for those aged 18 years old or over was
estimated to be 32.4% in 2007-2016 (Supple-
mentary Table S4) [56].
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The Netherlands

A sharp increase in the pertussis burden among
OA was observed between 2010 and 2012,
which reflects a national pertussis outbreak in
the Netherlands (and across Europe [36]) [57].
In 2012, an IR of 49.1 per 100,000 (3002 cases)
was reported. From 2012 onwards, the burden
gradually decreased to an IR of 16.8 per 100,000
(1144 cases) in 2018, with an increase to 24.5
per 100,000 (1697 cases) in 2019 (Fig.1)
[58-60]. Between 17% (2010/2011) and 27%
(2013/2019) of all reported pertussis cases
occurred in OA; the proportion of cases reported
in OA was 10 pp higher at the end (2019) of the
analytical period than at the start (2010) (Sup-
plementary Fig. S1) [58].

The Netherlands used passive, population-
based surveillance with mandatory, case-based
reporting for laboratory-confirmed cases
[59, 61, 62]. If symptom duration was less than
3 weeks, diagnostics employed PCR (optional
culture), while serology was used in other cases
(Table 1; Supplementary Table S2)
[16, 33, 59, 61, 62]. Both state and private lab-
oratories performed pertussis diagnostics. GP
visits were usually reimbursed, but patients
needed to pay an annual “own risk” for certain
healthcare costs, including laboratory tests
(Table 1; Supplementary Table S3) [63]. There
was no recommendation for pertussis
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30 - °
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vaccination in OA (Table 1; Supplementary
Table $4) [58, 59].

Norway

The pertussis burden among OA started at the
highest level, with an IR of 54.5 per 100,000
(902 cases) in 2011 [64]. The IR gradually
decreased from 2012 onwards, reaching the
lowest level (IR 6.2 per 100,000; 121 cases) in
2020 (data collected in November; likely influ-
enced by sanitary measures taken during the
COVID-19 pandemic) (Fig. 1). The IR was 25.2
per 100,000 (482 cases) in 2019. Between 15%
(2020) and 24% (2010) of all reported pertussis
cases occurred in OA; the proportion of cases
reported in OA was 9 pp lower at the end (2020)
of the analytical period than at the start (2010)
(Supplementary Fig. S1) [64].

The pertussis surveillance system in Norway
was passive and population-based with case-
based, mandatory reporting of laboratory-con-
firmed cases [65, 66]. Laboratory confirmation
relied on PCR, O-sample for antibody “parsera”
(i.e. two paired samples taken with a sufficiently
large time interval in which an increasing
antibody trend indicates infection) and rarely
on culture. Culture was used if symptom dura-
tion was less than 2 weeks. PCR and antibody
test (possibly culture) were used if symptom
duration was 2-4 weeks and serology was used if
symptom duration was more than 4 weeks

-i-T

4

Denmark England Scotland Finland Germany  The

Fig. 2 Incidence rate per 100,000 population in older
adults in all countries from 2010 to 2020. For Germany,
data were available from 2013 to 2020. For Norway, data
were available until November 2020. For Sweden, data
were available until 2018 (included). For other countries,

Norway Sweden
Netherlands

data were available from 2010 to 2019 (included). For
England, data from 2019 were provisional. For the
Netherlands, data from 2018 and 2019 were provisional.
Dots represent individual data points; geometric means are
indicated with —
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(Table 1; Supplementary Table S2)
[16, 33, 65, 66]. Testing was performed by state
and private laboratories, and both GP visits and
testing were fully reimbursed (Table 1; Supple-
mentary Table S3) [67]. Since 2014, a decennial
booster is recommended from 15 YoA, which is
paid out-of-pocket (Table 1; Supplementary
Table S4) [68-70].

Sweden

The pertussis burden among OA appeared sim-
ilar between 2010 (IR 0.71 per 100,000; 25 cases)
and 2013 (IR 0.86 per 100,000; 31 cases)
[71, 72]. From 2014 onwards, the burden
increased to a maximum IR of 3.8 per 100,000
(146 cases) in 2017 (Fig. 1). Between 10% (2010)
and 19% (2011/2017) of all reported cases
occurred in OA; the proportion of cases reported
in OA was 7 pp higher at the end of the ana-
Iytical period (2018) than at the start (2010)
(Supplementary Fig. S1) [71, 72].

Sweden employed enhanced passive (for
0-20-year-olds)/passive surveillance and
mandatory, case-based reporting of laboratory-
confirmed cases. Culture, PCR and serology
were used for case confirmation (Table 1; Sup-
plementary Table S2) [16, 33, 71]. Testing was
performed in state laboratories and was reim-
bursed, as were GP visits (Table 1; Supplemen-
tary Table S3). There was no recommendation
for pertussis vaccination in OA (Table 1; Sup-
plementary Table S4) [71, 73].

Other Countries

Data on the number of pertussis cases and IR in
OA were also collected for Estonia and are pre-
sented in Supplementary Fig. S2.

Number of Pertussis Cases and Incidence
Rate in Older Adults, and Contextual
Epidemiological Information Across
Countries

The heterogeneity in the pertussis burden in OA
between countries is also apparent in Fig. 2.
Annual incidence rates ranged from 0.4 (Eng-
land, 2010) to 54.5 (Norway, 2011 [64]) per
100,000 population. The geometric mean IR
was highest in Norway (26.1 per 100,000),

Fig. 3 Age-stratified number of pertussis cases and
incidence rate per 100,000 population in older adults in®™
countries with data available from 2010 to 2020. Data per
country are formatted according to a graded colour scale
with the lowest value in white and the highest value in

dark green

followed by the Netherlands (21.1 per 100,000),
Scotland (8.1 per 100,000), Germany (6.3 per
100,000), Denmark (6.0 per 100,000), England
(4.1 per 100,000), Finland (2.6 per 100,000) and
Sweden (1.8 per 100,000).

The number of cases and contextual epi-
demiological information across countries are
described in Supplementary Fig. S3
[27-29, 46, 52, 58, 64, 71] and Supplementary
text S1 [12, 16, 22, 27, 29, 31-35, 37-45,
47-51, 53-56, 58, 59, 61-63, 65-71, 73],
respectively.

Number of Pertussis Cases and Incidence
Rate in Different Age Strata in Older
Adults and in 0-4-Year-Olds

Age-stratified data were available for Finland,
Germany, Norway, Scotland and Sweden.
Overall, the highest reported IRs per year were
observed among the youngest age strata
(50-60 YoA) (Fig. 3) [46, 52, 64, 71]. Data were
also available for Austria and a similar overall
trend was observed (Supplementary Fig. S4).

When comparing IRs between 0-4-year-olds
and OA, the IR was generally higher in children,
but similar trends could be observed between
both groups (Supplementary Fig. SS5).

DISCUSSION

With this analysis, we provided an overview of
the reported pertussis epidemiology in OA in
eight European countries from 2010 to 2020.
The reported pertussis incidence among OA was
heterogeneous across countries, which had
been reported before for all age groups [12, 13].

Some countries experienced an increase in
the reported pertussis burden among OA over
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Number of cases
Age group 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020

5054 326 23 1110 8 17 18 30 34
55-59 13 18 21 7 4 14 19 22 28
Finang 6004 10 13 12 9 5 5 12 13 17 9
65—69 7 13 10 4 3 3 10 14 10 13
70-74 6 5 6 5 3 1 9 6 14 17
275 3 10 4 1 2 1 110 14 15
50—54 145 385 476 77300025 791 620 206
55-59 122 361 413 659 942 750 569 224
60—64 103 287 371 550 726 648 455 190
Germany 6569 82 213 230 423 602 510 367 150
70-74 82 220 253 375 440 371 244 118
75-79 56 143 190 299 480 368 288 93
280 39 102 112 181 305 263 240 81
50-59 339777384 330 229 230 162 171 177 172 191 54
Norway 6069 209 308 248 160 160 103 124 130 110 132 31
70-79 151 149 127 76 98 71 71 95 87 107 22
280 62 61 46 29 20 28 26 25 35 52 14
50—54 6 8l 141 100 43 102 112 53 40 66
55-59 4 5. 142 84 39 68 78 56 32 63
Scotland o 64 3 4 8 70 32 41 62 33 24 46
265 9 700184 144 64 8 93 59 50 79
5054 5 6 9 5 26 23 24 37 32
Sweden 5559 1 9 7 4 21 14 17 25 21
60—64 8 5 7 5 16 14 14 13 17
265 11 12 26 17000760 47 55074 54
Incidence rate
Agegroup 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020
5054 344 696 619 301 267 213 456 483 811 933
55-59 335 470 547 188 107 000 382 520 6.03 7.60
Finlang 6064 252 325 304 235 131 133 325 350 463 248
65—69 271 463 337 123 084 080 264 373 270 359
70-74 267 225 251 247 127 042 346 218 455 514
>75 070 231 090 022 043 021 021 200 279 293
5054 216 561 684 11.070044%69 1149 924 307
55-59 214 617 684 1059 1470 1135 845 3.32
60—64 203 557 713 1042 1349 1178 806 3.36
Germany  65—69 210 531 531 927 1276 1060 755 3.09
70-74 176 497 637 1026 1247 1030 664 3.21
75-79 144 348 445 6838 1133 899 743 240
>80 089 224 237 366 592 488 422 143
5050 55230061196 5253 3605 3580 24.83 2584 2640 2527 2761 7.67
Norway 0060 | 6941 6032 4633 20.16 2861 1822 21.74 2278 1922 2289 532
7079 | 5196 50.62 4271 2491 3083 2112 19.95 2497 2167 2549 505
>80 2818 2758 2076 1309 1314 1270 11.82 1131 1571 2301 6.07
50—54 163 2121136165 2548 1079 2517 2754 1302 9.88 16.46
scotlang 5559 122 151, 4185 2425 1100 1874 2103 1478 828 16.03
60—64 091 119 2635 2206 1013 1293 1928 1003 7.14 1335
65 102 078 19.88 1521 661 905 931 583 487 757
5054 086 103 153 083 418 357 36000541465
s 55-59 017 157 121 069 363 241 292 426 351
weden

60—64 130 084 120 087 285 251 249 230 3.01
265 062 068 149 097 340 264 3.04 387 292
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time, a trend that was most apparent in Den-
mark, England and Scotland, Sweden and Ger-
many. A decrease in the pertussis burden over
time was most apparent in Norway, where the
IR nearly halved between 2010 and 2019, and in
Finland, where the IR decreased markedly
between 2012 and 2016 (from 4.0 to 0.8 per
100,000 population). This may be attributed to
the introduction of a decennial booster for
adults in 2014 in Norway and a single adult
booster dose in Finland in 2012; however, only
small percentages of OA receive these booster
doses. Therefore, other factors may be involved
and/or the decrease may reflect increasing
underdiagnosis or underreporting. When strat-
ifying IR and number of cases among OA by age,
the burden decreased with increasing age, a
trend that had been reported before in England
[74, 75]. This may suggest that the frequency of
underdiagnosis or underreporting increases
with age in OA, which may appear counterin-
tuitive since patients at extreme ends of life are
most vulnerable to severe pertussis infection [7].
Alternatively, the trend may reflect the milder
clinical presentation of infections in healthy
patients from older age strata, leading to
underreporting of pertussis cases in this popu-
lation [1, 2], or the higher B. pertussis circulation
among patients from younger age strata who
more frequently encounter potential sources of
infection (e.g. grandparents taking care of their
grandchildren or working OA). Data on
patients’ ages, severity of infection, or B. per-
tussis colonisation were not available in our
analysis.

We observed similar trends in the IR between
children and OA, suggesting that both popula-
tions are similarly affected by changes in
B. pertussis circulation. Furthermore, the per-
tussis outbreaks that were reported at the
national level (all ages) were reflected in the
burden in OA. Coverage for the primary child-
hood vaccination schedule is high in most
countries; however, immunity, whether from
vaccination or infection, wanes over time [1, 5].
Therefore, routine vaccination throughout life
may be required to control the pertussis burden
in the total population [1, 23]. This is particu-
larly important in countries using aP vaccines
since whole-cell pertussis vaccines could

provide a more effective and a longer duration
of protection than aP vaccines [76].

The heterogeneity in the reported pertussis
burden across countries reflects the hetero-
geneity in pertussis surveillance and vaccina-
tion [13]. Several factors can theoretically affect
the reported pertussis burden, e.g. improved
laboratory testing [23] such as the introduction
of serology diagnostics [27]. It has been sug-
gested that serology may be particularly effi-
cient for case confirmation in adults, since they
may seek medical attention at a later stage of
the disease, as a result of mildness of symptoms,
when serology diagnostics is most accurate [27].
After the introduction of serology diagnostics in
Denmark, a shift occurred in the main method
used for pertussis diagnosis in OA from PCR in
2010 to serology in 2013 [27]; on the basis of
our results, PCR became the dominant method
again from 2016 (note that the most suit-
able method depends on time since symptom
onset, data which were not available in our
review). Similarly, the use of serology diagnos-
tics (commercial kits) also led to increased
detection of pertussis in Norway [33, 77]. Also,
changes in adult booster recommendations
could influence the pertussis burden. One adult
booster was already recommended in Germany
in 2007 and was introduced in Finland in 2018;
decennial boosters were introduced in Norway
in 2014. None of these boosters were specifically
targeted toward OA. Because the coverage rates
for these boosters are currently unknown, we
cannot draw conclusions regarding their impact
on the pertussis burden in OA. Furthermore, the
pertussis outbreak across Europe in 2012 may
have raised awareness among HCPs, which
could explain the trend towards a higher num-
ber of reported cases after compared to before
this outbreak. Increases or decreases in the
pertussis burden may also reflect the cyclical
nature of pertussis disease, which was observed
before the introduction of pertussis vaccination
[1, 5]. While the current cyclicity of pertussis
disease is unclear, outbreaks are still happening
in countries with effective childhood vaccina-
tion programmes, suggesting a shift in cases
from infants and young children to the adult
population [1, 2]. Together, this demonstrates
the complexity of interpreting the reported data
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related to the pertussis burden and attributing
changes in the burden to changes in contextual
epidemiological information.

This complexity is also apparent when
attempts are made to compare IRs between
countries (Fig. 3). For example, when compar-
ing the mean IR between Scandinavian coun-
tries included in our analysis, it is noteworthy
that the mean IR in Norway is approximately
tenfold higher than the mean IR in Finland and
Sweden. This difference exists despite reporting
of cases being mandatory in all three countries,
adult boosters being recommended in both
Finland and Norway (although they are not
targeted to OA and differ in frequency and year
of introduction) and GP visits and laboratory
testing being fully/partially reimbursement in
all three countries. Our descriptive analysis
lacks information that is needed to accurately
define the source(s) of this difference (e.g. data
on OA vaccination coverage rates are missing).
National decisions are needed to improve the
reporting of vaccination coverage in adults.

Different factors contribute to this com-
plexity: (1) the heterogeneity of e.g. vaccination
schedules between countries and over time
[13, 23], (2) incomplete data (e.g. vaccination
coverage) and (3) lacking data (e.g. surveillance
system performance, laboratory diagnostical
method used for case confirmation and time
since symptom onset, vaccination status of
confirmed cases, HCP awareness of adult per-
tussis, and disease severity). Moreover, com-
parisons of IRs between countries may be
hampered because of lacking age-standardised
IRs.

The extent of underdiagnosis and underre-
porting of pertussis cases, and consequently the
underestimation of pertussis infections in OA,
can be estimated by seroprevalence studies
[77-81]. We did not include seroprevalence data
in this review; however, two seroprevalence
studies in Europe have demonstrated that
notification rates underestimated pertussis
infections by a factor of 685 in 3-79-year-olds in
the Netherlands and a factor of 915 in those
20 years of age or older in Estonia [78, 80]. A
recent study in those at least 40 years of age or
at least 50 years old from 18 European countries
(including Denmark, Finland, Norway, Sweden

and the UK) demonstrated that 0.0-9.7% of
participants had anti-pertussis antibody levels
indicative of recent exposure (at least 100
international units/mL) following correction for
assay sensitivity and specificity, with levels in
most countries ranging between 2.7% and 5.8%
[77]. This is higher than the notification rates
observed in our analysis. Notification data have
been described as a weak source of information
on the incidence of pertussis infection in OA
[2]. Possible reasons for limited health-seeking
behaviour, underreporting and underdiagnosis
of OA pertussis include the mild and atypical
nature of symptoms in adults [21], passive
surveillance systems [82], the lacking awareness
of adult pertussis among HCPs [1] and the nar-
row time frame during which laboratory tests
are sufficiently sensitive [19]. Together with
homogenisation of the laboratory diagnostical
and surveillance methods in Europe, increasing
awareness on adult pertussis among HCPs,
health policy makers and the public could
improve diagnosis, reporting and estimation of
the pertussis burden [1, 13].

This overview aimed to improve under-
standing of the pertussis burden among OA in
Europe, by assessing available epidemiological
data in individual countries and putting this
into context of their pertussis vaccina-
tion/surveillance strategies over a 10-year per-
iod. This analysis has some limitations. As a
result of data availability, the overview was
constricted to countries in North-western Eur-
ope and included no countries from Southern
Europe. Additionally, it was difficult to collect
precise data on all epidemiological factors from
included countries, and pertussis epidemiology
could not be formally compared between
countries because of differences in surveillance
systems, diagnostic methods and vaccination
approaches. The lack of data on the severity of
pertussis cases was a further limitation of this
descriptive analysis. Finally, no direct impact of
the changes in vaccination approaches on the
number of pertussis cases and the incidence
rates in OA could be assessed across age groups
because of the heterogeneity and lack of stan-
dardisation of the available data, the limited
collection of precise data for all countries and
the lack of coverage data for booster doses.
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CONCLUSIONS

Our analysis suggested that B. pertussis contin-
ues to circulate among OA in Europe. This may
indicate that current vaccination strategies are
insufficient to decrease the disease burden in all
age groups, especially if vaccination coverage is
not high enough and/or not all age groups are
vaccinated. A comprehensive strategy consist-
ing of efforts that improve HCPs’ awareness of
adult pertussis and increase the notification rate
as well as implementation of booster vaccina-
tion throughout adulthood is needed to accu-
rately estimate and decrease the pertussis
burden in OA.
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