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ABSTRACT
Pertussis is underdiagnosed and underreported in adults and patients with underlying conditions.
Patients with chronic obstructive pulmonary disease (COPD) may be at increased risk of severe
pertussis. Understanding the true prevalence of pertussis infections in such patients is important.
We therefore evaluated the seroprevalence of anti-pertussis toxin (PT) antibodies in a cohort of
40–85-year-old patients diagnosed with moderate, severe or very severe COPD enrolled (between
June 2011 and June 2012) in the prospective, observational “Acute Exacerbation and Respiratory
InfectionS in COPD” (AERIS; NCT01360398) study, conducted in England. Serum anti-PT antibodies
were measured in 104 patients using an enzyme-linked immunosorbent assay on samples col-
lected 12months (M12) and 24months (M24) after enrollment. Overall, 14/104 (13.5%) patients
had anti-PT concentrations �50 IU/mL at M12 or M24, indicative of exposure to Bordetella pertussis
during the preceding 2–3 years. Of these, 6/104 (5.8%) had anti-PT �70 IU/mL, of whom 3/104
(2.9%) had anti-PT �120 IU/mL, indicative of exposure within 12 and 6months, respectively. These
results show a high circulation of B. pertussis in 40–85-year-old patients with moderate, severe or
very severe COPD in England between 2012 and 2014, and call for enhanced immunization to pre-
vent pertussis infections in such patients.
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Introduction

Pertussis, or whooping cough, is a highly contagious respira-
tory disease caused by Bordetella pertussis. It continues to
have a substantial disease burden, even after the successful
implementation of effective pediatric immunization pro-
grams [1–4]. While pertussis is most severe in infants, it can
also be serious and lead to complications in older adults and
in adults with chronic illnesses, such as asthma or chronic
obstructive pulmonary disease (COPD) [1,5]. However,
symptoms in adults are often atypical (and may overlap
with those of chronic respiratory diseases): they include per-
sistent paroxysmal coughing without fever with an average
duration of 6weeks and often lack the characteristic inspira-
tory whooping [6,7]. This leads to mis- and underdiagnosis
of pertussis and an underestimation of the burden of disease
in adults [1,4].

COPD is a progressive inflammatory lung disease that
affected an estimated 174 million people worldwide in 2015
[8,9]. Respiratory bacterial and viral infections are known to
be important triggers of acute exacerbation of COPD
(AECOPD) [10–12], which is characterized by a sudden

worsening of respiratory symptoms and negatively affects
lung function, quality of life, mortality and health care costs
[13–19]. Some studies have suggested an increased risk of
pertussis and related hospitalizations in patients with COPD
[20–22]. Patients with pertussis and COPD also accrued
higher health care costs compared to those with pertussis
without COPD over a 6-month period after pertussis diag-
nosis [20]. Furthermore, in a pilot study, approximately 20%
of patients with acute exacerbations of chronic bronchitis
showed evidence of B. pertussis infection [23]. However, the
link between pertussis and COPD and whether pertussis
plays a role in AECOPD remains to be better characterized.

The “Acute Exacerbation and Respiratory InfectionS in
COPD” (AERIS) study was a longitudinal epidemiological
study that assessed the role of respiratory infections in
AECOPD [24,25]. We used the AERIS cohort to better
understand the burden of pertussis in patients with COPD.
The primary purpose of the current analyses was therefore
to estimate the prevalence of pertussis in this cohort by eval-
uating anti-pertussis toxin (PT) antibodies in serum of
enrolled patients. Measurement of serum antibody levels for
PT, the only known B. pertussis-specific antigen, is the
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standard for serological testing of B. pertussis [26,27] and is
used (as an alternative to culture and polymerase chain reac-
tion [PCR]) by public health authorities to confirm a pertus-
sis diagnosis [28–30]. In addition, we undertook exploratory
analyses to relate the anti-PT seroprevalence to the reported
incidence of clinical pertussis disease and the degree of
blood eosinophilia at the time of AECOPD. Figure 1 pro-
vides a plain language summary of the results.

Methods

Study design and participants

The AERIS study (ClinicalTrials.gov: NCT01360398) was a
prospective, observational cohort study based at the
University Hospital Southampton in England. Detailed study
procedures, inclusion/exclusion criteria and primary and
secondary endpoint results have been published previously
[24,25,31]. The study was conducted in accordance with the
Declaration of Helsinki and Good Clinical Practice guide-
lines and was approved by the Southampton and South
West Hampshire Research Ethics Committee. All partici-
pants provided written informed consent. The study enrolled
women and men 40–85 years of age with a confirmed diag-
nosis of COPD based on postbronchodilator spirometry,
classified as moderate, severe or very severe according to
Global Initiative for Chronic Obstructive Lung Disease
(GOLD) staging [24,25,32]. Participants had to be current or
ex-smokers with a smoking history of �10 pack-years and
have at least one treated exacerbation in the year preceding
enrollment. Patients were recruited between June 2011 and
June 2012 and followed up for 2 years in planned monthly
visits during stable state and ad-hoc visits within 72 h of
onset of AECOPD symptoms (Figure 2) [24,25].

Procedures

Exacerbations were detected by use of daily electronic diary
cards, and AECOPD was defined as at least two consecutive
days of worsening of at least two major symptoms (dyspnea,
sputum volume, sputum purulence) or of worsening of at
least one major symptom and one minor symptom (wheeze,
sore throat, cold symptoms, cough, fever) [24]. As previ-
ously described, blood samples were collected quarterly and
at each exacerbation visit [24].

As part of one of the study’s tertiary objectives (i.e. to
collect blood samples to describe and compare selected bio-
markers in AECOPD and stable COPD), the analyses
described here aimed to evaluate the seroprevalence of
B. pertussis (based on anti-PT immunoglobulin G [IgG]
antibodies) in the study population at two timepoints 1 year
apart: 12 and 24months after enrollment (M12 and M24).
M12 was selected as the first timepoint to ensure full docu-
mentation of the patients’ history (including the recording
of current medications and recommended vaccines) and
records of the patients’ AECOPD episodes for at least 1 year
before sampling. M24 was chosen to cover the full study
period, including pertussis infections occurring in the
second year of follow-up. Patients in the study cohort were
unlikely to have received pertussis vaccination in the years
prior to or during the study because pertussis vaccination is
not recommended for adults in the United Kingdom, except
in pregnant women [33] and is therefore not normally pre-
scribed in adult clinical practice. Serum anti-PT IgG anti-
bodies were quantified at GSK using an enzyme-linked
immunosorbent assay (ELISA) with an assay cutoff of 2.693
international units (IU)/mL defining seropositivity [34].
Seroprevalence was defined based on three relatively conser-
vative thresholds for anti-PT IgG antibody concentrations:

Figure 1. Plain language summary.
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concentrations of 50–<70 IU/mL were considered suggestive
of a non-recent exposure to B. pertussis (between 1 and
�2–3 years ago), and concentrations of �70 IU/mL and
�120 IU/mL were considered suggestive of recent exposure
to B. pertussis within the last 12 and 6months, respectively.
Different thresholds, ranging from 30 to 200 IU/mL, have
been used for the serological diagnosis of pertussis based on
anti-PT antibodies [1,26,28,29,35]. The thresholds used in
the current analyses fall within this range and were based
on those recommended by the Italian Institute of Public
Health (as these are among the more conservative):
>120 IU/mL confirms a recent infection and 50–120 IU/mL
may suggest (but does not confirm) a recent exposure to B.
pertussis [36]. A threshold of 70 IU/mL is used by Public
Health England to define a serologically confirmed pertussis
case in the absence of vaccination in the past year [30].

Statistical analyses

All analyses were descriptive and were performed using the
SAS software (SAS Institute Inc., Cary, NC, USA). Anti-PT
geometric mean concentrations (GMCs) were calculated
with 95% confidence intervals (CIs) at M12 (samples col-
lected between June 2012 and July 2013) and M24 (samples
collected between July 2013 and June 2014). This was done
for the full cohort with available samples and for a subset of
the full cohort with samples collected in the calendar year
2013. All patients in this subset had either their M12 or
their M24 sample collected in the period covering January
to December 2013. This therefore allowed for a comparison
with reported pertussis incidence data for 2013 (see
“Exploratory analyses” below). For GMC calculations, a con-
centration of half the assay cutoff was used for

concentrations below the assay cutoff. The number and per-
centage (with 95% CIs) of participants with anti-PT anti-
body concentrations <50, 50–<70, 70–<120 and �120 IU/
mL were calculated for the same timepoints and cohorts.

Exploratory analyses

An exploratory analysis was performed to compare the fre-
quency of pertussis infections estimated based on seroprevalence
with the actual clinical reporting of pertussis cases in patients
with COPD in England. To this end, the proportion of patients
in the AERIS cohort subset with samples taken in 2013 who
had an anti-PT �70 IU/mL (indicative of B. pertussis infection
within the last 12months) at M12 or M24 was compared with
(i.e. divided by) the reported incidence rate in 2013 in patients
�50years old with COPD obtained from the Clinical Practice
Research Datalink (CPRD) linked to the Hospital Episode
Statistics (HES) database from a separate study [37].

As an initial characterization of exacerbations in patients
with anti-PT �50 IU/mL, an exploratory analysis of eosino-
philic inflammation was performed based on previously col-
lected results of blood eosinophil counts in the AERIS study
[25,38]. We evaluated eosinophil counts for all exacerbation
visits between enrollment and M24 in patients with anti-PT
�50 IU/mL at M12 or M24. We used the 50 IU/mL (rather
than the 70 IU/mL or 120 IU/mL) threshold to make sure
we included all patients with evidence of exposure to B. per-
tussis, even those with a less recent infection. Eosinophilic
inflammation was defined as a relative blood eosinophil
count of �2% of the total white blood cell count [38]. This
cutoff was shown to have a high sensitivity in identifying
>3% sputum eosinophils during AECOPD, an accepted
marker of airway eosinophilic inflammation [38,39].

Figure 2. Study design and methodology. Red droplets indicate blood samples taken at M12 and M24 analyzed for anti-PT antibodies. Purple droplets indicate
blood samples at ad-hoc exacerbation visits analyzed for eosinophils. AERIS, Acute Exacerbation and Respiratory Infections in COPD; B. pertussis, Bordetella pertussis;
COPD, chronic obstructive pulmonary disease; IgG, immunoglobulin G; IU, international units; M0, time of enrollment in the AERIS study (June 2011–June 2012);
M12, 12 months after enrollment (June 2012–July 2013); M24, 24 months after enrollment (July 2013–June 2014); N, total number of patients in the AERIS cohort
(127) or included in the analysis of seroprevalence (104); PT, pertussis toxin.
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Results

Pertussis serology

Characteristics of the 127 patients diagnosed with COPD
comprised in the full cohort of the AERIS study were pre-
sented previously [25]. Of these 127 patients, 104 had valid
blood samples at the M12 and/or M24 visits and were
included in the current analysis of pertussis seroprevalence;
87 had samples available at M12 and 88 at M24. A total of
87 individual patients had samples collected in the calendar
year 2013 (for either M12 or M24).

In the full cohort, >86% of patients were seropositive for
anti-PT antibodies (i.e. had a concentration exceeding the assay
cutoff). GMCs were low (9.7 IU/mL and 12.4 IU/mL at M12
and M24, respectively; Table 1). At M12, the seroprevalence of
B. pertussis infection within the last �2–3 years was 8.0% (i.e.
7/87 had anti-PT concentrations �50 IU/mL), with 2.3% (2/87)
of patients showing evidence of recent exposure to B. pertussis
(within the last 12months; anti-PT �70 IU/mL). Of these, no
patients showed evidence of very recent exposure (within the
last 6months; anti-PT �120 IU/mL). At M24, the seropreva-
lence was 11.4% (10/88), with 5.7% (5/88) and 3.4% (3/88) of
patients having anti-PT levels indicative of recent (�70 IU/mL)
and very recent exposure (�120 IU/mL), respectively (Table 1).
Overall, across the two study timepoints, among the 104
patients evaluated, seroprevalence was 13.5% (14/104), with
5.8% (6/104) and 2.9% (3/104) of patients showing evidence of
exposure within the last 12 and 6months, respectively.

When only considering the 87 patients with samples col-
lected in the calendar year 2013, 89.7% were seropositive for
anti-PT antibodies and the GMC was 12.4 IU/mL.
Seroprevalence was 13.8% (12/87), and evidence of exposure to
B. pertussis within 12 and 6months was shown for 4.6% (4/87)
and 2.3% (2/87) of patients, respectively (Table 1).

Comparison of pertussis infection with reported
clinical cases

The reported pertussis disease incidence rate in a COPD
cohort aged �50 years in the CPRD-HES database ranged
between 3.15 and 10.95 per 100 000 person-years follow-up

between 2011 and 2018, and was 5.38 per 100 000 person-
years follow-up (95% CI, 2.46–10.21) in 2013 [37]. Pertussis
is a notifiable disease in England [30], and in 2013, 98.7% of
confirmed pertussis cases in individuals >15 years of age
were reported to Public Health England based on serology
testing with a threshold of 70 IU/mL [30,40]. We therefore
compared the reported incidence with the proportion of
patients with anti-PT �70 IU/mL in our analysis. In 2013,
4.6% of patients with COPD in the AERIS cohort had anti-
PT concentrations �70 IU/mL. This estimated rate of per-
tussis infections based on seroprevalence was approximately
850-fold higher than the incidence of 5.38 clinical pertussis
cases per 100 000 person-years follow-up reported in
CPRD-HES in patients with COPD in England.

Evaluation of blood eosinophils

Previous studies have shown an inverse relationship between
eosinophil count and bacterial infection during exacerbation
in patients with COPD [38,41]. In the AERIS study, the
prevalence of airway bacterial infection at exacerbation was
greater in patients with blood eosinophils <2% [38]. We
therefore assessed eosinophil counts in acute exacerbations
in the 14 patients that showed evidence of exposure to B.
pertussis (anti-PT �50 IU/mL) in the full cohort (Figure 3).
A total of 63 exacerbations were recorded for these 14
patients between enrollment and M24, with a range of 2–9
exacerbations per patient (median: 4). Eosinophil test results
were available for 47 exacerbations. Of these 47, 37 (78.7%)
were associated with eosinophils <2% and the remaining 10
(21.3%) with eosinophils �2% (Figure 3). By comparison, of
all exacerbations with valid data in the AERIS cohort, 49.7%
(168/338) were associated with blood eosinophils �2% [38].

Discussion

A small number of studies suggest that patients with COPD
may be at increased risk of (severe) pertussis and may
experience a higher burden from pertussis than patients
without COPD [20–23]. Having estimates of the true preva-
lence of pertussis infections in patients with COPD is a

Table 1. Anti-pertussis toxin antibody concentrations and seroprevalence in patients with COPD enrolled in the AERIS study.

Full cohort 2013 subset

M12 (N¼ 87) M24 (N¼ 88) M12 or M24 (N¼ 87)

Anti-PT endpoint n % (95% CI) n % (95% CI) n % (95% CI)

�2.693 IU/mLa 75 86.2 (77.1, 92.7) 79 89.8 (81.5, 95.2) 78 89.7 (81.3, 95.2)
<50 IU/mL 80 92.0 (84.1, 96.7) 78 88.6 (80.1, 94.4) 75 86.2 (77.1, 92.7)
50–<70 IU/mL 5b 5.7 (1.9, 12.9) 5b 5.7 (1.9, 12.8) 8 9.2 (4.1, 17.3)
70–<120 IU/mL 2b 2.3 (0.3, 8.1) 2b 2.3 (0.3, 8.0) 2 2.3 (0.3, 8.1)
�120 IU/mL 0 0.0 (0.0, 4.2) 3 3.4 (0.7, 9.6) 2 2.3 (0.3, 8.1)

GMC (95% CI) GMC (95% CI) GMC (95% CI)
GMC, IU/mL 9.7 (7.6, 12.4) 12.4 (9.5, 16.2) 12.4 (9.6, 16.1)

AERIS, Acute Exacerbation and Respiratory InfectionS in COPD; CI, confidence interval; COPD, chronic obstructive pulmonary disease; GMC, geometric mean con-
centration; IU, international units; M12, 12months after enrollment in the AERIS study; M24, 24months after enrollment in the AERIS study; N, total number of
patients with available results (71 patients had results available for both M12 and M24, 16 for M12 only and 17 for M24 only); n, number of patients with an
antibody concentration in the given range; %, percentage of patients with an antibody concentration in the given range; PT, pertussis toxin.

aAssay cutoff.
bOne patient had an anti-PT concentration of 50–<70 IU/mL at both M12 and M24, one had an anti-PT of 50–<70 IU/mL at M12 and 70–<120 IU/mL at M24
and one patient had an anti-PT of 70–<120 IU/mL at both M12 and M24.
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crucial step toward understanding the extent of the burden
of pertussis. Our exploratory analyses on a cohort of 40–85-
year-old patients with moderate to very severe COPD in
England indicate a high circulation of B. pertussis in patients
with COPD: across the two study timepoints (M12 and
M24, spanning a period between June 2012 and June 2014),
evidence of exposure to B. pertussis within the last
�2–3 years was seen in 13.5% of patients (based on anti-PT
�50 IU/mL) and within the last 12 and 6months (based on
anti-PT �70 IU/mL and �120 IU/mL) in 5.8% and 2.9% of
patients, respectively. Of note, the majority of patients had
detectable anti-PT levels albeit at low levels.

While isolation of B. pertussis from culture of nasopharyn-
geal specimens is the most specific method for confirming per-
tussis diagnosis, its sensitivity decreases rapidly after 2weeks of
cough onset and is lower in older patients [30,35,42]. Likewise,
sensitivity of PCR of nasopharyngeal samples declines after the
third week of cough [42]. The risk of false negatives with these
methods is therefore high in adults [30,42]. Serology testing
based on anti-PT antibodies (at least 2–4weeks after cough
onset and 1 year after the last pertussis vaccination) is therefore
commonly used for confirming diagnosis in older children and
adults [26,28,29,35,42–44]. Studies in various countries have
assessed pertussis seroprevalence in the general population of
adults �40 years old (albeit not stratified by underlying condi-
tions). The seroprevalence in our study was in line with these
published estimates (at the higher end) [45–54]. Comparisons
are however complicated by the fact that different assays,
thresholds and units of measurement were used across studies,
and that studies occurred in different time periods, age groups
and settings. Pertussis epidemics are known to occur in cycles
with peaks every 2–5 years [4], and estimates are therefore
influenced by the local epidemiology at the time a study took
place. For instance, in England, a peak in the pertussis inci-
dence was seen in 2012 (with 9367 laboratory-confirmed cases
of pertussis, compared to 1051 in 2011 and 4621 in 2013 [40]),
which may have been reflected in our estimates.

When comparing our estimate for recent B. pertussis
exposure in the AERIS cohort in 2013 (using an anti-PT

threshold of 70 IU/mL indicative of B. pertussis infection
within the last year) to the reported incidence of clinical
pertussis cases in a COPD cohort aged �50 years obtained
from CPRD-HES in the same calendar year [37], we noted a
several 100-fold higher rate of pertussis infections based on
seroprevalence. This emphasizes the high circulation of B.
pertussis in patients with COPD in England, but also that
one should take into account the difficulty in distinguishing
increased cough without fever due to pertussis infection
from other triggers provoking a worsening of the clinical
condition in patients with chronic cough. Although no con-
clusion can be drawn on the clinical presentation of the per-
tussis infections detected by seroprevalence screening only,
it is likely that some patients would have experienced a per-
tussis infection as a clinical manifestation or as an exacerba-
tion of their COPD. Yet, at the overall population level, we
could not detect an association between the anti-PT levels
and the number of acute exacerbations in our study with a
limited sample size of 104 patients. This is not unexpected
because the mean exacerbation rate in the AERIS study was
three exacerbations per patient-year [25], which is much
higher than the estimated incidence of pertussis infections.
In addition, increased cough was considered a minor symptom
for reporting of AECOPD in the study, and increased cough
without a major symptom (dyspnea, sputum volume, sputum
purulence) would not be regarded an exacerbation. Limitations
with our approach to compare pertussis infections based on
seroprevalence with reported clinical pertussis cases include dif-
ferences between the AERIS and the CPRD cohorts in terms
of age (40–85-year-olds vs �50-year-olds), COPD severity
(moderate to very severe with frequent exacerbations vs no
selection for COPD severity) and geography (single center vs.
the whole of England). In addition, anti-PT serological testing
in the AERIS study was conducted in a different laboratory
facility compared to English testing facilities, and comparability
between these has not been established. Finally, no information
on the clinical features or severity of pertussis was available for
the AERIS cohort. Nevertheless, the estimated difference in the
frequency of infections compared to reported clinical cases in

Figure 3. Blood eosinophil counts in acute exacerbations of COPD in 14 patients with anti-pertussis toxin antibody concentrations �50 IU/mL at M12 and/or M24.
COPD, chronic obstructive pulmonary disease; IU, international units; M12, 12 months after enrollment; M24, 24 months after enrollment.
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our study is in line with that in previous studies comparing
reported incidence rates of pertussis disease with incidences of
pertussis infection based on anti-PT seroprevalence, showing
differences of several 10-fold to several 1000-fold in the general
population of older adults in various countries [1,26]. The
main reason for the large discrepancy between notified pertus-
sis disease cases and serologically confirmed infections may be
that a substantial part of infections are asymptomatic or pre-
sent with atypical symptoms [1,26,47,55,56] that may partly
overlap with symptoms in patients with chronic respiratory
diseases. These infections would be identified in serosurveys
but would not all be notified as clinical pertussis disease. In
addition, reported cases depend on the level of care seek-
ing [47,55].

Our exploratory analysis of the eosinophilic nature of
acute exacerbations in the 14 patients with evidence of
exposure to B. pertussis within the last �2–3 years showed
that more than three quarters of the acute exacerbations in
these patients were associated with low blood eosinophil
counts (<2%), consistent with bacterial presence [38,41].
Confirmation of B. pertussis at AECOPD was not possible
because PCR testing for B. pertussis was not performed on
nasopharyngeal swabs in the AERIS study. Analysis of spu-
tum samples from the AERIS cohort showed that approxi-
mately half to two thirds of exacerbation samples were
positive for bacteria, with non-typeable Haemophilus influen-
zae, Streptococcus pneumoniae and Moraxella catarrhalis iso-
lated most commonly [25,57].

The role of B. pertussis in other chronic lung diseases is
poorly understood [58,59]. A recent case report described
two patients with acute exacerbation of idiopathic pulmon-
ary fibrosis associated with acute pertussis infection [58].
The authors highlighted the challenges of diagnosing pertus-
sis in such patients, as coughing from pertussis may be diffi-
cult to distinguish from coughing associated with idiopathic
pulmonary fibrosis. These diagnostic challenges in patients
with a chronic cough were also raised by Murris et al. who
evaluated anti-PT levels in adult cystic fibrosis patients and
found 11% (7/64) of patients with anti-PT levels between 35
and 198 IU/mL, of whom four patients had severe lung dis-
ease [60]. Additional studies to understand the incidence of
pertussis infection and its role in exacerbation of chronic
lung disease are warranted.

Our analysis has several limitations. The study was per-
formed in a single center and on a sample of only 104
patients, with moderate to very severe COPD and a history
of exacerbations, limiting the generalizability of our results
to other settings or other COPD phenotypes. Data would
therefore need replication in other geographic areas and
other COPD phenotypes to confirm generalizability. There
was no control group without COPD to assess whether sero-
prevalence was higher in patients with compared to without
COPD of the same age range, geographical and temporal
exposure to B. pertussis.

Despite these limitations, our results, showing a high cir-
culation of B. pertussis in patients with COPD, add to the
previously published data of a greater risk of pertussis in
patients with underlying conditions such as COPD [20–22].

It is hence expected that these patients may benefit from
immunization with a pertussis vaccine, which has been
shown to be immunogenic, well tolerated and effective in
adults [1,61]. Further research would be needed to under-
stand the true extent of the impact of pertussis infections on
AECOPD and confirm the effectiveness of pertussis vaccin-
ation in influencing the clinical course in patients
with COPD.

Conclusion

Our exploratory analyses suggest a high circulation of B.
pertussis in 40–85-year-old patients with moderate to very
severe COPD in England between 2012 and 2014. Improved
estimates of the incidence of pertussis infections in patients
with COPD are needed to understand the extent of the bur-
den of pertussis. Further research is required to better
understand the link between pertussis and COPD. More
widespread implementation of recommendations for pertus-
sis vaccination in patients with COPD [62,63] to achieve
high vaccination coverage may help reduce the health care
burden in patients with COPD.
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