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We describe incidence and age distribution of labo-
ratory-confirmed pertussis in Denmark from 1995 to
2013. Notification has been mandatory since 2007.
Since 1997, an acellular monocomponent vaccine has
been used. The latest epidemic occurred in 2002 with
an incidence of 36 per 100,000; since 1995, only six
infant deaths have been recorded. The inter-epidemic
incidence lies below 10 per 100,000. In 1995, the mean
age of confirmed cases was 9.2 years (95% confidence
interval (Cl): 7.9-10.5; median: 5.1), this gradually
increased to 23.9 years in 2013 (95% Cl: 22.0-25.8;
median: 15.7). In 1995, 14% of laboratory-confirmed
cases were 20 years and older, 43% in 2013. In the
study period, the highest incidence among children
was among those younger than one year with inci-
dences between 84 and 331 per 100,000 in inter-epi-
demic periods (mean: 161/100,000) and 435 for the
epidemic in 2002. After introduction of a preschool
boosterin 2003, the highest incidence among children
one year and older changed gradually from three to
five-year-olds in 2003 to 12 to 14-year-olds in 2013.
In 2013, PCR was the primary method used for labo-
ratory-diagnosis of pertussis in Denmark, while serol-
ogy was the method with the highest percentage of
positive results.

Introduction

Pertussis (whooping cough) is a highly contagious
respiratory tract infection caused by the bacterium
Bordetella pertussis. In the early 2oth century before
the introduction of vaccines, pertussis was the cause
of extensive morbidity and numerous infant deaths.
In Denmark during 1900 to 1959, 19-53% of all infants
contracted pertussis, and up until the 1930s, ca 10%
of cases had a fatal outcome [1]. With the introduc-
tion of vaccines in the mid-19th century the incidence
of pertussis decreased markedly all over the world,
but more than soyears into the vaccine era, pertus-
sis is still prevalent and causes substantial outbreaks,
even in countries with a long history of vaccination. In
2008, pertussis was the cause of an estimated 195,000
deaths worldwide among children younger than five
years, primarily in the developing world [2]. In Denmark
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during 1920 to 1929, 2,569 infants died from pertussis,
but in the years 1995 to 2013, only six deaths from per-
tussis were recorded and all were infants younger than
two months, i.e. too young to have started vaccination

[3,4].

In countries where vaccines have almost eliminated
infant deaths due to pertussis, the knowledge about
pertussis in the general population has also declined.
Thus, many falsely believe pertussis to be solely a
childhood infection, and a common misperception is
that pertussis vaccination will protect you for life. In
reality, immunity after pertussis vaccination or even
after an episode of pertussis is only short-lived, at
an estimated four to 12 years or four to 20 years,
respectively [5], or five to 10 years as a rule of thumb.
Consequently, all age groups in the population can
contract pertussis, and adult pertussis is not as rare
as commonly thought. Several reports have shown
that the key sources of pertussis infection for vulner-
able non-vaccinated infants are parents or other adults
in close contact (reviewed in [6]). Since pertussis in
adults can present as just a prolonged cough without
the characteristic whoop or the post-tussive vomit-
ing [7-9], it is important to realise that pertussis is a
disease of all age groups. With increased knowledge,
novel vaccination strategies and improved diagnostic
methods, the transmission of pertussis to non-vacci-
nated infants can hopefully be diminished. This paper
summarises the epidemiology of laboratory-confirmed
pertussis in Denmark during the period from 1995 to
2013 as well as the distribution of laboratory-methods
used across the whole of Denmark in 2013 for the diag-
nosis of pertussis.

Background on pertussis vaccination and
diagnostics in Denmark

Vaccination against pertussis was introduced in
Denmark in 1961 as a whole-cell (wP) vaccine [10]. In
1997, this vaccine was replaced by an acellular vaccine
(aP) with pertussis toxoid (PTx) as the sole pertussis
antigenic component (Table 1) and in 2003, a preschool
booster at five years of age was introduced. The aP



FIGURE 1

Incidence of laboratory-confirmed pertussis per 100,000
population, Denmark, 1995-2013 (n = 13,269)
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FIGURE 2

Seasonality of laboratory-confirmed pertussis, Denmark,
1995-2013 (n = 13,269)
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vaccines used in Denmark are unique compared with
other aPs around the world in that (i) they contain high
amounts of PTx at 40 pg for the infant series and 20 pug
for the preschool booster, and (ii) the toxoid is prepared
by hydrogen peroxide detoxification of the pertussis
toxin, rather than the formaldehyde and/or glutaralde-
hyde inactivation used by many other manufacturers
(reviewed in [11]). Detoxification by hydrogen peroxide
has been shown to result in a lower degree of epitope
impairment of the toxin compared with formaldehyde,

and the generated immune response may therefore be
more effective [12,13]. Moreover, the Danish aP vac-
cines elicit a stronger antibody response against per-
tussis toxin than a number of other aPs [11,14,15].

Laboratory diagnosis of pertussis in Denmark was ini-
tially done by culture of the bacterium, and this was
only done at the clinical microbiological laboratory at
Statens Serum Institut (SSI). In 1998, PCR was intro-
duced at SSI [16] and from 2002, public regional clini-
cal microbiology laboratories gradually began using
either culture or PCR. Subsequently, the proportion
of pertussis diagnostics in Denmark performed at SSI
decreased gradually from 100% in 1995 to 98% in 2002,
64% in 2006 and to 32% in 2013. For regional clinical
microbiology laboratories not performing pertussis
diagnostics, samples were, and still are, sent either
to SSI or to one of the other regional clinical microbi-
ology laboratories. Thus, the diagnostics for pertus-
sis covered the whole of Denmark in the whole period
from 1995 to 2013. In 2013, seven clinical microbiology
laboratories in Denmark including SSI were performing
diagnostic tests for pertussis. All were employing PCR,
and the only laboratory also maintaining the culture of
B. pertussis was SSI. At SSI, culture is performed on
Regan-Lowe agar, and for the whole study period, the
PCR was performed as an initial 1S481/1S1001 PCR fol-
lowed by a confirmatory ptxP PCR. Details on the PCR
methods used at the regional laboratories are not avail-
able. In 2010, serology was introduced at SSI as an in-
house IgG anti-PT ELISA with a cut-off at 75 IU/mL. The
test is only considered valid for individuals eight years
and older in order to avoid interference from antibod-
ies elicited by the preschool booster normally given at
five years of age [17,18]. Positive results from serology-
confirmed children are only included in the database
if the vaccination registry proves that the latest vacci-
nation happened more than two years previously and if
the child isolder than six months; such cases are very
few (16 during the study period).

Culture of B. pertussis has a specificity of 100%.
However, the sensitivity is low compared with PCR and
serology [19-21]. This is mainly due to the difficulty in
obtaining a nasopharyngeal sample of sufficient qual-
ity, the low chance of retrieving viable B. pertussis [22],
the long incubation time necessary for culture and the
fact that culture is only reliable in the first two weeks
of symptoms [23]. PCR is useful in the first three weeks
of symptoms and is also dependent on a correctly
obtained nasopharyngeal sample [23,24].

Serology is useful for diagnosis of patients having
had symptoms for more than two weeks [23,25] and
serology is therefore particularly efficient in diagnos-
ing pertussis among adults, who can experience mild
symptoms and therefore may be more likely to seek
medical attention at a later stage of the disease, after
some weeks with symptoms [7,26,27].
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FIGURE 3

Age-distribution of laboratory-confirmed cases of
pertussis, Denmark, 1995-2013 (n = 13,269)
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FIGURE 4

Average number of laboratory-confirmed pertussis for two
periods by patient age, Denmark, 1995-97 (n = 1,776) and
2011-13 (n = 1,836)
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Initially, since only the laboratory at SSI performed
diagnostics of pertussis, data on all laboratory-con-
firmed cases were registered at SSI. When regional
clinical microbiology laboratories gradually began
using PCR or culture for pertussis starting in 2002,
they all voluntarily submitted their data on confirmed
pertussis cases to SSI for surveillance purposes. This
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voluntary reporting was ongoing at full coverage until
2007 when it became mandatory to report all labora-
tory-confirmed cases of pertussis to SSI. The national
database of laboratory-confirmed pertussis at SSI
therefore covers the whole of the country since 1995,
i.e. from before the mandatory reporting was initiated.
Recently, a national database (The Danish Microbiology
DataBase (MiBa)) has also been established which
automatically receives electronic real-time copies of
all test reports, whether positive or negative, from all
Danish departments of clinical microbiology, making
it possible to investigate the use of laboratory meth-
ods across the country [28,29]. In addition, cases of
confirmed pertussis among children younger than two
years need to be notified on a paper form. The national
surveillance of pertussis in Denmark covers only lab-
oratory-confirmed cases. Cases based on the clinical
picture alone or based on an epidemiological link are
not registered.

Deaths from pertussis were registered as part of a
routine used in the period from 1995 to 2013 that sys-
tematically requested information from the notifying
clinician on possible sequelae, including death, for all
notified cases in children younger than two years.

During the whole period from 1995 to 2013, the national
vaccination uptake remained at a high level, averag-
ing 89% for the third primary vaccination for the birth
cohorts 2003 to 2013. However, the method of calcu-
lation changed from using an administrative method
between 1995 and 2005 to using a register-based
approach (retrospectively) since 2006. In the period
from 1995 to 2005, uptake of all three infant doses
of the combination vaccine containing the acellular
pertussis component, DTP3/DTaP, was in the range
of 90-99% at 12 to 23 months of age. For the birth
cohorts 2006 to 2013, DTaP uptake was in the range of
85-91%, with an increasing trend [30]. Regarding the
five-year booster vaccination, coverage for the birth
cohorts 2000 to 2008 was in the range of 81-87%,
also with an increasing trend [31].

Methods

Data from the Danish national database on laboratory-
confirmed pertussis was analysed for the period from
1995 to 2013. Except for a few cases registered before
the reporting of cases became mandatory in 2007 (68
cases in the period from 2002 to 2004 without date of
birth, age or date of diagnosis, 20 cases in 2006 with
age but without date of birth or date of diagnosis, 120
cases in the period from 2004 to 2006 with age and
date of diagnosis but without date of birth), all entries
include the Danish personal identification number (CPR
number), date of birth, date of sampling for the test
that confirmed the diagnosis and name of the labora-
tory that performed the diagnostic test. Information on
diagnostic method was unavailable for entries before
2010.



TABLE 1

Historic overview of pertussis vaccines and schedules used
in Denmark

Change Vaccines Schedule
1961 (:v[f.l.) 5, 6, 7 and 15 months
1969 wP 5 and 9 weeks, 10 months

aP primary series, gopg PT

1997 (DTaP-I1PV) 3, 5 and 12 months

aP primary series, 4opg PT

2002 (DTaP-1PV/PRP-T)

3, 5 and 12 months

aP primary series, 4opg PT

(DTaP-1PV/PRP-T) 3,5 and 12 months

2003 P boost o7
aP booster, 20
(dop) 5 years
aP primary series, 4opg PT
(DTaP-1PV/PRP-T) 3, 5 and 12 months
2004

aP booster, 20pg PT 5 years

(TdaP-1PV)

aP: acellular pertussis vaccine containing pertussis toxoid (PT)
as the sole pertussis antigenic component; wP: whole-cell
pertussis vaccine.

The composition of the vaccines is marked in italics according to
international nomenclature. Changes are marked in bold letters.

Incidence was calculated based on annual population
data from StatBankDenmark [32].

Data from the clinical microbiology laboratories in
Denmark (through MiBa) [28] was analysed for samples
submitted for pertussis diagnostics in the period from
1 January to 31 December 2013. In some instances, two
simultaneous samples are sent from the same patient,
and we therefore filtered the data so that samples
taken on the same day and with the same result were
treated as a single sample in the analysis.

We also analysed data from the national Danish data-
base on notified cases of pertussis among children
under the age of two years for the period from 1995 to
2013. This database also contains information on the
patients’ vaccination status.

Results

Annual incidence

Since 1995, the annual total number of laboratory-
confirmed cases of pertussis in Denmark has ranged
from 272 to 1,272, with an epidemic peak in 2002 at
1,938 cases. With a population ranging from 5.2 mil-
lion in 1995 to 5.6 million in 2013 , this corresponds
to annual incidences between 5 and 36 per 100,000.
Apart from a peak in 2012 with 978 cases correspond-
ing to an incidence of 18 per 100,000, the level has
been stable since 2005 at a mean value of 451 cases
annually, an incidence of 8 per 100,000 (Figure 1). At
present, in early 2016, it has thus been 14 years since
an epidemic of pertussis has occurred in Denmark. It
is evident that pertussis in Denmark is not as seasonal

as many other respiratory tract infections. When look-
ing at the combined data for the whole period, there
was however a tendency towards a lower occurrence
in the months of February to April and a higher occur-
rence in the months of August to November (Figure 2).

Age distribution

The age distribution of cases shows that more and more
adult cases are found (Figure 3 and Table 2). In 1995,
80% of all cases were found among children younger
than 10 years but in 2013, this figure had decreased to
34%. Similarly, in 1995, cases among adults 20 years
and older accounted for 14% of all cases but this fig-
ure increased to 43% in 2013. The median age of lab-
oratory-confirmed pertussis gradually increased from
5.1 years in 1995 (interquartile range (IQR): 1.5-8.7) to
15.7 years in 2013 (IQR: 4.8-41.5). Moreover, due to
the introduction of the preschool booster in 2003 the
largest age group among older children diagnosed with
pertussis changed from the 3-5-year-olds between
1995 and 1997 to the 12—-14-year-olds between 2011 and
2013 (Figure 4). This age-specific peak shifted gradu-
ally after the booster was introduced (data not shown
here, but described previously [11]). We chose the first
three and the last three years in the study period for
Figure 4 because the total number of cases for the two
periods were comparable.

Infant pertussis and vaccinations

For the whole study period 1995 to 2013, the proportion
of infant pertussis (in those younger than 12 months)
among notified laboratory-confirmed cases younger
than two years averaged 83%, ranging from 77% to
90%. The average proportion of unvaccinated cases
among all cases younger than two years of age was
46%, ranging from 25% to 58%. Conversely, the aver-
age proportion of fully (three doses) vaccinated pertus-
sis cases was 10%, ranging from 3% to 15%, indicating
vaccine failures even within the first two years of life.

Diagnostic methods

Laboratory data from MiBa on samples submitted for
pertussis diagnostics in the whole of Denmark for the
year 2013 (n=4,569) showed that 79.6% of the samples
were submitted for PCR (n=3,639), 17.8% were submit-
ted for serology (n=811) and 2.6% were submitted for
culture (n=119). Seven laboratories performed diag-
nostics for pertussis. All seven used PCR, while only
one laboratory (SSI) also performed culture and serol-
ogy. When looking at samples found positive for per-
tussis (n=520), 72% were found by PCR (n=374), 28%
were found by serology (n=143) and 0.6% were found
by culture (n=3). The number of positive samples was
higher than the reported number of cases, as two or
more samples were often submitted from the same
patient. The proportions of positive results for each of
the three methods were 10% for PCR (374/3,639), 18%
for serology (143/811) and 2.5% for culture (3/119). The
proportion of positive results (confirmed pertussis)
for PCR methods in the seven individual laboratories
ranged from 6.5% to 13.7%. Sera submitted as part of
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TABLE 2

Number and (incidence) of laboratory-confirmed cases of pertussis, Denmark, 1995-2013 (n = 13,269)

Age 1995 1996 1997 1998 1999 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013
<90 d? 46 30 49 35 63 48 | 60 91 38 68 45 | 16 | 34 37 31 25 | 17 | 44 | 15
o years 80 66 | 137 | 74 150 | 142 | 162 | 285 | 99 | 215 | 131 | 54 | 80 | 96 76 | 69 | 61 | 127 | 64
total (115) | (94) | (202) | (109) | (227) | (214) | (247) | (435) | (154) | (330) | (202) | (84) | (123) | (149) | (116) | (109) | (96) | (214) | (110)
_ 100 | 129 | 334 | 95 | 266 | 182 | 189 | 375 | 83 | 224 | 102 | 28 | 56 62 57 | 35 | 47 | 133 | 63
TAYAS | 5e) | (47) | (1200 | (34) | (96) | (66) | (70) | (139) | BN | ®H) | B9 | (40 | @2 | 4) | @2 | (13) | 18) | GV | (25)
_ 15 | 146 | 307 | 99 | 331 [ 376 | 301 | 726 | 211 | 381 | 138 | 60 | 62 | 84 | 66 | 42 | 29 | 71 | 37
STOVEAS| (39) | (48) | (98) | B30) | (99) | (110) | (86) | (207) | (60) | (109) | (40) | (18) | (18) | (25) | (20) | (13) | (®) | (22) | (1)
10-14 18 31 86 17 74 91 94 | 182 50 | 187 | 94 | 59 | 101 | M4 | 148 | 59 | 74 | 184 | 72
years @ | an | G | © | 26 | B30) | B0) | 57) | (18) | (55) | 27) | (17) | 29) | 32) | 42) | (17) | 22) | (54) | (21)
15-19 4 7 9 3 13 10 1 42 12 33 27 | 14 21 28 50 | 51 | 34 | 89 | 39
years () (@) (3 Q) (5) @ | @ | ) | @ |an | ©® | @ | @ | 6 [0 | 05 |00 | (5 | 1)
20-29 8 12 18 14 19 24 20 46 17 32 10 1 30 26 22 | 25 | 20 | 54 | 25
years ©) ) ) ) 3 (3 (3 @ (3) ©)] @ | @ |06 (4) B | @ || G| @w
30-39 25 23 46 25 49 51 85 | 129 32 80 37 | 18 | 33 | 40 32 | 24 | 32| 99 | 52
years (3 3 6 (3) ©6) © | o) | a6) | @ | o) | G | @ | @ | G | @ |6 | @/|0)| @
40-49 1 12 15 8 22 18 25 61 18 49 27 1 42 29 55 | 34 | 39 | 115 | 71
years Q) (2 (2) Q) (3) 2 | B3 (8) (2 ® | | 0|6 | 6| O|@]|6 |0 O
s covears | 6 8 23 9 23 29 32 59 20 51 30 | 17 | 30 | 34 34 | 33 | 36 | 106 | 63
0¥ 0.4) | (05| O Q) Q) 2 2 3 Q) 3 2 0] 2 2) 2) @@ 6 3)

Unknown | © 0 0 0 0 0 0 33 15 20 0 0 0 0 0 0 0 0 0
Total 367 | 434 | 975 | 344 | 947 | 923 | 919 | 1,938 | 566 [1,272| 596 | 272 | 455 | 513 | 540 | 372 | 372 | 978 | 486
)] ® |8 | 6 | a8 |7 | 17) | G&) | () | @4) | () | G) | @ | 9O | @O | D | @ | 18) | 9

Incidences are shown in brackets.

2 Incidence could not be calculated for infants< 9o days since populations statistics are not available for age categories shorter than one year.

a diagnostic serology package for atypical pneumonia
at SSI were positive for pertussis in 11% (39 of 368) of
the samples, while sera submitted solely for diagnosis
of pertussis at SSI were positive in 23 of the samples

(104/443).

As mentioned previously, serology is particularly effi-
cient when diagnosing pertussis among adults and
although the method is still new in Denmark, it has
already had an impact. It is moreover obvious, that the
method is increasingly useful with increasing age of
the patient. In fact, in 2012 and 2013, 27% of all lab-
oratory-confirmed cases in Denmark for the age group
8-19 years were confirmed by serology. For the age
group 20-49 years, this figure was 38%. When looking
only at cases 50 years and older, 49% of these were
confirmed by serology (Table 3).

Discussion

Many countries have seen a resurgence of pertus-
sis in recent years [33], but this has not been seen in
Denmark where the latest epidemic occurred in 2002.
The peak in 2012 coincided with peaks in many other
European countries [34] and the high incidence in
Denmark was therefore most probably influenced by
the high incidence in neighbouring countries.

Unfortunately, the incidence in Denmark is difficult to
compare to other countries as there are substantial dif-
ferences in awareness, diagnostic practices, notifica-
tion systems, population densities, communities that
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refuse vaccination etc., as illustrated in a number of
publications [35-37]. Surveillance data from some of
Denmark’s neighbouring countries exemplify this; the
incidences per 100,000 in the years 2010 to 2013 were
in the ranges 2 to 3 in Sweden, 52 to 90 in Norway,
4 to 10 in Finland, 0.8 to 18 in England and 21 to 82
in the Netherlands [38-42]. Australia had incidences in
the range of 54 to 173 per 100,000 in the same period
[43]. All these countries should be comparable in terms
of general health and vaccination coverage.

The proportion of confirmed pertussis found among
adults in Denmark in relation to the total number of
confirmed cases has gradually increased, and almost
half of all the cases in 2013 were adults. This shift in
age groups has been seen in many other countries
around the world [33,44-47] and is thought to be due
to several factors, primarily improved awareness and
improved diagnostic methods [48]. Moreover, the
introduction of a five-year booster vaccination in 2003
shifted the peaks of age-specific incidences among
children when comparing the period 1995 to 1997 with
the period 2011 to 2013. Cases among unvaccinated
infants can be used as an indicator for the actual
occurrence of pertussis since the attention on infants
suspected of pertussis will presumably always be high.
The number of pertussis cases among up to 9o days-
old infants has decreased from a mean inter-epidemic
level of 47 per year in the period 1995 to 2001 to 29
in the period 2007 to 2013 (27 cases when discounting



TABLE 3

Number of laboratory-confirmed pertussis cases
with information on the diagnostic method used for
confirmation of pertussis, Denmark, 2010-13 (n = 13,269)

2010 2011 2012 2013
n % n % n % n %
Culture 4 | 6 3 g 7 6| o o]
o years PCR 64 {93 | 58 [ 95| 120 |94 | 64 | 100
Serology | 1 | 1 o o| o |o]| oo o

Age group Method

Culture 2 | 4 2 3 3 2| 1 1
1-7 years PCR 46 |94 | 56 92166 |95 73 | 91
Serology | 1 | 2 3 5 5 3| 6 8

Culture 8 | 6 4 3| 4 1| 2 2

8-19 years PCR 118 (86| 94 |76 | 216 | 71| 96 | 73

Serology | 12 | 9 | 25 |20| 83 27| 33 | 25
Culture 3 | 4 3 3| 6 2| o o
20-29 years PCR 51 | 61| 66 |73 | 152 |57 | 98 | 66
Serology | 29 [ 35| 22 |24 | 110 | 41| 50 | 34
Culture 2 | 6 3 8| 3 3| o0 ¢}

> 5oyears PCR 20 (61| 18 |50 | 54 |51 | 30 | 48
Serology | 11 [33| 15 |42 49 |46 33 | 52
Culture [ 19 | 5| 15 [ 4 | 23 | 2| 3 1
Total PCR 299 80| 292 |78 | 708 | 72 |361| 74
Serology | 54 |15 | 65 | 17 | 247 | 25 | 122 | 25

Percentages show the contribution of each method for each year.

the peak in 2012). This could indicate that the true level
of pertussis in Denmark has declined since the 1990s.

When comparing data across the study period, we
assume that a gradual increase should have been
observed, reflecting improved laboratory methods
after the introduction of PCR in 1998 and serology in
2010. PCR has in fact been found to be five times more
sensitive than culture [49], and a part of the increase
from 1998 to 2002 is probably due to the introduction
of PCR. However, the levels after 2004 were compara-
ble to the levels before 1999. The enhanced awareness
on adolescent and adult pertussis should also have
had an impact. However, this has not been the case,
and only six infant deaths from pertussis were regis-
tered in Denmark between 1995 and 2013, emphasis-
ing that the disease burden of pertussis is indeed low.
The baseline level between peaks even decreased from
947, 923 and 919 cases, respectively, in the three years
1999, 2000 and 2001 to 455, 513, 540, 372 and 372
cases, respectively, in the five years from 2007 to 2011.
A possible explanation could be that the introduction
of the aP vaccine in 1997 and the preschool booster
in 2003 lead to improved immunity in the population
compared with the wP era. This is, however, purely
hypothetical.

Analysis of the methods used for pertussis diagnostics
in Denmark in 2013 shows that PCR was the most fre-
quently used method while serology had the highest

percentage of positive results. However, as PCR sam-
ples are often analysed routinely for a larger panel of
infections, the proportion of positive results for the
different assays should be compared with caution.
Culture was rarely used and only few of the samples
were positive. The diminished use of culture poses a
problem in the sense that the circulating B. pertussis
strains are not monitored. Recovery of isolates from
PCR samples could perhaps compensate for this [50].

In the coming years, we expect to see a further increase
in the numbers and proportion of confirmed pertussis
among Danish adults. This change is not expected to
be due to an increase in the true incidence, but rather
to a virtuous circle of increased use of serology that
will increase awareness of adult pertussis, leading
again to increased test activity.

Acknowledgements

We are very grateful for the voluntary reporting of laborato-
ry-confirmed cases of pertussis done in the years 2002 to
2006 by the departments of clinical microbiology at Herlev
hospital, Hvidovre hospital, Odense Universitetshospital
and Regionshospitalet Viborg.

Conflict of interest

None declared.

Authors’ contributions

All authors have contributed to the writing of the manu-
script. Tine Dalby: Collection and analysis of data on labo-
ratory-confirmed pertussis, main writer of the manuscript.
Peter Henrik Andersen: Analysis of data regarding vaccine
coverage and cases among small children. Steen Hoffmann:
Critical review and important feedback on the manuscript.

References

1. Nielsen A, Larsen SO. Kighostens epidemiologi i Danmark fgr
og efter indfgrelse af vaccination mod kighoste. Vaccinens
beskyttelseseffekt og “herd immunity”. [Whooping cough
epidemiology in Denmark prior to and after the introduction of
whooping cough vaccination. Protective effect of the vaccine
and herd immunity]. Ugeskr Laeger. 1990;152(9):597-604.
Danish. PMID:2309370PMID: 2309370

2. Black RE, Cousens S, Johnson HL, Lawn JE, Rudan I,
Bassani DG, etal. Global, regional, and national causes
of child mortality in 2008: a systematic analysis. Lancet.
2010;375(9730):1969-87. DOI: 10.1016/50140-6736(10)60549-1
PMID: 20466419

3. Pedersen T, Fisker N, Andersen PH. Fatal case of whooping
cough in an infant. EPI-NEWS. 2005; 33. Available from: http://
www.ssi.dk/~/media/Indhold/EN%20-%20engelsk/EPI-
NEWS/2005/PDF/EPI-NEWS%20-%202005%20-%20N0%2033.
ashx

4. Knudsen LK, Andersen PH. Whooping cough in children ¢ 2
years. EPI-NEWS. 2011;42-43. Available from: http://www.ssi.
dk/English/News/EPI-NEWS/2011/N0%2042-43%20-%202011.
aspx

5. Wendelboe AM, Van Rie A, Salmaso S, Englund JA. Duration
of immunity against pertussis after natural infection or
vaccination.Pediatr Infect Dis J. 2005;24(5) Suppl;S58-61. DOI:
10.1097/01.inf.0000160914.59160.41 PMID: 15876927

6. Wiley KE, Zuo Y, Macartney KK, McIntyre PB. Sources
of pertussis infection in young infants: a review of key
evidence informing targeting of the cocoon strategy.Vaccine.

www.eurosurveillance.org



10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

2013;31(4):618-25. DOI: 10.1016/j.vaccine.2012.11.052 PMID:
23200883

Yih WK, Lett SM, des Vignes FN, Garrison KM, Sipe PL,
Marchant CD. The increasing incidence of pertussis in
Massachusetts adolescents and adults, 1989-1998.) Infect Dis.
2000;182(5):1409-16. DOI: 10.1086/315863 PMID: 11023464

De Serres G, Shadmani R, Duval B, Boulianne N, Déry

P, Douville Fradet M, et al. Morbidity of pertussis in
adolescents and adults. ) Infect Dis. 2000;182(1):174-9. DOI:
10.1086/315648 PMID: 10882595

Postels-Multani S, Schmitt HJ, Wirsing von Kénig CH, Bock
HL, Bogaerts H. Symptoms and complications of pertussis in
adults.Infection. 1995;23(3):139-42. DOI: 10.1007/BF01793853
PMID: 7499001

Plesner AM, Rgnne T. Bgrnevaccinationsprogrammet.
Baggrund, status og fremtid. [The childhood vaccination
program. Background, status and future]. Ugeskr Laeger.
1994;156(50):7497-503. Danish.PMID: 7839512
Thierry-Carstensen B, Dalby T, Stevner MA, Robbins JB,
Schneerson R, Trollfors B. Experience with monocomponent
acellular pertussis combination vaccines for infants, children,
adolescents and adults--a review of safety, immunogenicity,
efficacy and effectiveness studies and 15 years of field
experience.Vaccine. 2013;31(45):5178-91. DOI: 10.1016/j.
vaccine.2013.08.034 PMID: 23994021

Heron I, Chen FM, Fusco J. DTaP vaccines from north american
vaccine (NAVA): composition and critical parameters.
Biologicals. 1999;27(2):91-6. DOI: 10.1006/biol.1999.0187
PMID: 10600191

Ibsen PH. The effect of formaldehyde, hydrogen peroxide and
genetic detoxification of pertussis toxin on epitope recognition
by murine monoclonal antibodies.Vaccine. 1996;14(5):359-68.
DOI: 10.1016/0264-410X(95)00230-X PMID: 8735545

Pawloski LC, Kirkland KB, Baughman AL, Martin MD, Talbot
EA, Messonnier NE, et al. Does tetanus-diphtheria-acellular
pertussis vaccination interfere with serodiagnosis of pertussis
infection? Clin Vaccine Immunol. 2012;19(6):875-80. DOI:
10.1128/CVI.05686-11 PMID: 22539469

Carlsson RM, Gustafsson L, Hallander HO, Ljungman M,
Olin P, Gothefors L, et al. Two consecutive randomized
controlled pertussis booster trials in children initially
vaccinated in infancy with an acellular vaccine: The first
with a five-component Tdap vaccine to 5-year olds and the
second with five- or monocomponent Tdap vaccines at age
14-15 years. Vaccine. 2015;33(31):3717-25. DOI: 10.1016/].
vaccine.2015.05.079 PMID: 26057135

Dragsted D. Laboratoriepavist kighoste 1998. [Laboratory
confirmation of whooping cough 1998]. EPI-NYT 1999;48.
Danish.

Dalby T, Seier-Petersen M, Kristiansen MP, Harboe ZB, Krogfelt
KA. Problem solved: a modified enzyme-linked immunosorbent
assay for detection of human antibodies to pertussis toxin
eliminates false-positive results occurring at analysis of heat-
treated sera.Diagn Microbiol Infect Dis. 2009;63(4):354-60.
DOI: 10.1016/j.diagmicrobio.2008.12.004 PMID: 19249174

Dalby T. Whooping cough 2010. EPI-NEWS (www.ssi.dk) 2011;
42-43, 2011.

Grimprel E, Bégué P, Anjak I, Betsou F, Guiso N. Comparison of
polymerase chain reaction, culture, and western immunoblot
serology for diagnosis of Bordetella pertussis infection.) Clin
Microbiol. 1993;31(10):2745-50.PMID: 8253976

van der Zee A, Agterberg C, Peeters M, Mooi F, Schellekens
J. A clinical validation of Bordetella pertussis and Bordetella
parapertussis polymerase chain reaction: comparison

with culture and serology using samples from patients

with suspected whooping cough from a highly immunized
population.) Infect Dis. 1996;174(1):89-96. DOI: 10.1093/
infdis/174.1.89 PMID: 8656019

Nikbin VS, Shahcheraghi F, Lotfi MN, Zahraei SM, Parzadeh
M. Comparison of culture and real-time PCR for detection
of Bordetella pertussis isolated from patients in Iran.Iran )
Microbiol. 2013;5(3):209-14.PMID: 24475325

Nakamura Y, Kamachi K, Toyoizumi-Ajisaka H, Otsuka N, Saito
R, Tsuruoka J, et al. Marked difference between adults and
children in Bordetella pertussis DNA load in nasopharyngeal
swabs. Clin Microbiol Infect. 2011;17(3):365-70.PMID:
20456454

Centers for Disease Control and Prevention (CDC). Pertussis
(whooping cough). Diagnosis confirmation: Atlanta: CDC.
[Accessed: 27 Dec 2013]. Available from: http://www.cdc.gov/
pertussis/clinical/diagnostic-testing/diagnosis-confirmation.
html

Dalby T, et al. Guidance and protocol for the use of real-time
PCR in laboratory diagnosis of human infection with Bordetella
pertussis or Bordetella parapertussis. ECDC Technical Report
2012.

www.eurosurveillance.org

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37

38.

39.

40.

41.

42.

43.

Riffelmann M, Wirsing von Konig CH, Xing D, He Q. Guidance
and protocol for the serological diagnosis of human infection
with Bordetella pertussis. ECDC Technical Report 2012.

Strebel P, Nordin J, Edwards K, Hunt J, Besser ], Burns

S, etal. Population-based incidence of pertussis among
adolescents and adults, Minnesota, 1995-1996. | Infect Dis.
2001;183(9):1353-9. DOI: 10.1086/319853 PMID: 11294666

Senzilet LD, Halperin SA, Spika ]S, Alagaratnam M, Morris A,
Smith B, et al. Pertussis is a frequent cause of prolonged
cough illness in adults and adolescents. Clin Infect Dis.
2001;32(12):1691-7. DOI: 10.1086/320754 PMID: 11360208

Statens Serum Institut (SSI). MiBa — the Danish Microbiology
Database. Copenhagen: SSI. [Accessed: 10 Mar 2016].
Available from: http://miba.ssi.dk/Service/English.aspx

Voldstedlund M, Haarh M, Mglbak K, the MiBa Board of
Representatives C, MiBa Board of Representatives. The Danish
Microbiology Database (MiBa) 2010 to 2013.Euro Surveill.
2014;19(1):20667. DOI: 10.2807/1560-7917.E52014.19.1.20667
PMID: 24434175

Statens Serum Institut (SSI). Difteri-tetanus-kighoste-polio-Hib
3 (12 maneder), vaccinationstilslutning. [Diphtheria-tetanus-
pertussis-polio-Hib 3 (12 months) vaccination coverage].
Copenhagen: SSI. [Accessed: 1 Apr 2016]. Danish: Available
from: www.ssi.dk/Smitteberedskab/Sygdomsovervaagning/
VaccinationSurveillance.aspx?vaccination=3&cohort=2006|201
3&sex=3&landsdel=100&kommune=1000&xaxis=Cohort&sho
w==&datatype=Vaccination&extendedfilters=False#HeaderText

Statens Serum Institut (SSI). Difteri-tetanus-kighoste-

polio revaccination, vaccinationstilslutning. [Diphtheria-
tetanus-pertussis-polio booster vaccination-coverage].
Copenhagen: SSI. Accessed: 1 Apr 2016. Danish. Available
from: www.ssi.dk/Smitteberedskab/Sygdomsovervaagning/
VaccinationSurveillance.aspx?vaccination=4&cohort=2000|20
08&sex=3&landsdel=100&kommune=1000&xaxis=Cohort&s
how=Graph&datatype=Vaccination&extendedfilters=False#H
eaderText

Statistikbanken. Befolkning og valg. Folketal. [Population
and elections. Population numbers]. Copenhagen: Danmarks
Statistik. [Accessed: 10 Mar 2016]. Danish. Available from:
www.statistikbanken.dk

Chiappini E, Stival A, Galli L, de Martino M. Pertussis re-
emergence in the post-vaccination era.BMC Infect Dis.
2013;13(1):151. DOI: 10.1186/1471-2334-13-151 PMID: 23530907
European Centre for Disease Prevention and Control (ECDC).
Annual epidemiological report 2014 - vaccine-preventable
diseases. Stockholm: ECDC; 2014.Available from: http://ecdc.
europa.eu/en/publications/Publications/AER-2014-VPD-FINAL.
pdf

Barkoff AM, Grondahl-Yli-Hannuksela K, He Q. Seroprevalence
studies of pertussis: what have we learned from different
immunized populations.Pathog Dis. 2015;73(7):ftvoso. DOI:
10.1093/femspd/ftvoso PMID: 26208655

He Q, Barkoff AM, Mertsola J, Glismann S, Bacci S, European
Bordetella expert group (EUpertstrain), etal. High
heterogeneity in methods used for the laboratory confirmation
of pertussis diagnosis among European countries, 2010:
integration of epidemiological and laboratory surveillance
must include standardisation of methodologies and quality
assurance. Euro Surveill. 2012;17(32):20239.PMID: 22913939

Tan T, Dalby T, Forsyth K, Halperin SA, Heininger U, Hozbor D,
et al. Pertussis across the globe: recent epidemiologic trends
from 2000 to 2013. Pediatr Infect Dis J. 2015;34(9):e222-32.
DOI: 10.1097/INF.0000000000000795 PMID: 26376316

National Institute for Public Health and the Environment
(RIVM). Kinkhoest [Pertussis]. Bilthoven: RIVM. [Accessed: 10
Mar 2016]. Dutch. Available from: https://atlasinfectieziekten.
nl/kinkhoest

Public Health England (PHE). Whooping cough (pertussis)
statistics. London: PHE. [Accessed: 10 Mar 2016].

Available from: www.gov.uk/government/publications/
whooping-cough-pertussis-statistics

National Institute for Health and Welfare (THL).Registret

for smittsamma sjukdomar, statistisk database. [Infectious
diseases register, statistical database]. Helsinki: THL.
Accessed: 10 Mar 2016]. Finnish and Swedish. Available from:
www.thl.fi/ttr/gen/rpt/statistiker.html

Folkehelseinstituttet. MSIS-Statistikk [Norwegian]: www.msis.
no/. Accessed: 10-Mar.-2016.

Folkhdlsomyndigheten. Sjukdomsstatistik. Kikhosta. [Disease
statistics. Pertussis]. Solna: Folkhdlsomyndigheten. [Accessed:
10-Mar.-2016]. Swedish. Available from: https://www.
folkhalsomyndigheten.se/folkhalsorapportering-statistik/
statistikdatabaser-och-visualisering/sjukdomsstatistik/
kikhosta/

Australian Government Department of Health. National
notifiable diseases surveillance system. Canberra: Department



44,

45.

46.

47.

48.

49.

50.

of Health. [Accessed: 10-Mar.-2016]. Available from: wwwg.
health.gov.au/cda/source/cda-index.cfm

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):205-15.PMID: 17724997

Halperin SA. The control of pertussis--2007 and beyond.N Engl
J Med. 2007;356(2):110-3. DOI: 10.1056/NEJMp068288 PMID:
17215528

Edwards K, Freeman DM. Adolescent and adult pertussis:
disease burden and prevention.Curr Opin Pediatr.
2006;18(1):77-80.PMID: 16470167

Kmietowicz Z. Pertussis cases rise 10-fold among older
children and adults in England and Wales.BMJ. 2012;345(jul23
1):e5008. DOI: 10.1136/bmj.e5008 PMID: 22826583

Bamberger ES, Srugo |. What is new in pertussis?Eur | Pediatr.
2008;167(2):133-9. DOI: 10.1007/500431-007-0548-2 PMID:
17668241

Fry NK, Tzivra O, Li YT, McNiff A, Doshi N, Maple PA, et al.
Laboratory diagnosis of pertussis infections: the role of PCR
and serology. ] Med Microbiol. 2004;53(Pt 6):519-25. DOI:
10.1099/jmm.0.45624-0 PMID: 15150332

Vestrheim DF, Steinbakk M, Bjgrnstad ML, Moghaddam A,
Reinton N, Dahl ML, et al. Recovery of Bordetella pertussis
from PCR-positive nasopharyngeal samples is dependent
on bacterial load. J Clin Microbiol. 2012;50(12):4114-5. DOI:
10.1128/JCM.01553-12 PMID: 23035189

License and copyright

This is an open-access article distributed under the terms of
the Creative Commons Attribution (CC BY 4.0) Licence. You
may share and adapt the material, but must give appropriate
credit to the source, provide a link to the licence, and indi-

cate if changes were made.

This article is copyright of the authors, 2016.

www.eurosurveillance.org



