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Since the first documented autochthonous transmis-
sion of chikungunya virus in the Caribbean island of
Saint Martin in 2013, the infection has been reported
within the Caribbean region as well as North, Central
and South America. The risk of autochthonous trans-
mission of chikungunya virus becoming established
in Spain may be elevated due to the large numbers of
travellers returning to Spain from countries affected
by the 2013 epidemic in the Caribbean and South
America, as well as the existence of the Aedes albopic-
tus vector in certain parts of Spain. We retrospectively
analysed the laboratory diagnostic database of the
National Centre for Microbiology, Institute of Health
Carlos Il (CNM-ISCIII) from 2008 to 2014. During the
study period, 264 confirmed cases, of 1,371 suspected
cases, were diagnosed at the CNM-ISCIIl. In 2014
alone, there were 234 confirmed cases. The highest
number of confirmed cases were reported from the
Dominican Republic (n = 136), Venezuela (n = 30) and
Haiti (n = 11). Six cases were viraemic in areas of Spain
where the vector is present. This report highlights the
need for integrated active case and vector surveillance
in Spain and other parts of Europe where chikungunya
virus may be introduced by returning travellers.

Introduction
Since the first outbreak in Tanzania in 1952, chikun-
gunya has been endemic in some parts of Africa,

south-east Asia and in the Indian subcontinent [1]. In
2013, however, the first documented autochthonous
transmission of chikungunya virus was reported in the
Caribbean island of Saint Martin [2] and since then the
infection has spread quickly to other countries and ter-
ritories of the Caribbean as well as to North, Central
and South America [2]. As at 31 December 2014 (the
final day of our study), 24,682 confirmed autochtho-
nous cases and 1,118,763 suspected cases of chikun-
gunya in the Americas had been reported by the Pan
American Health Organization (PAHO) [3]. A large
majority of these suspected autochthonous cases (n
= 802,714; 72%) were reported from the Caribbean,
in particular from the Dominican Republic (539,099;
670/0).

A chikungunya outbreak in 2005 in Réunion, a French
overseas department and region, affected 266,000
people (ca 35% of the population), including 783 cases
imported to metropolitan France [4]. During this out-
break, a mutation (A226V in the chikungunya virus E
protein) that improved the replication in Aedes albop-
ictus was observed, giving rise to a new virus variant
whose fitness in this mosquito was increased [5].

The transmission of chikungunya virus to humans

occurs mainly through bite of infected Ae. aegypti or
Ae. albopictus mosquitoes, which can also transmit
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FIGURE 1

Number of suspected and confirmed imported
chikungunya cases by year and by month, Spain, 2008-14
(suspected n = 1,371; confirmed n = 264)
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In panel B, the two vertical lines indicate the start and end of the
active period for the chikungunya virus vector Aedes Albopictus in
Spain (May to October).

dengue virus. In Europe, Ae. albopictus is established
primarily around the Mediterranean basin [6,7] and has
been demonstrated to be competent for chikungunya
virus transmission in this region [8]. This has resulted
in locally acquired infections in Italy (Emilia Romagna
region, 2007) as well as in France (Var and Montpellier,
2010 and 2014 respectively) [9-11].

In Spain, despite the presence of Ae. albopictus in the
eastern Mediterranean regions (Catalonia, Valencia,
Murcia, Balearic Islands) [12] and recently in the south-
ern region of Andalusia [13] and in the Basque Country
[14], no autochthonous transmission of chikungunya
virus has been reported. However, the risk of autoch-
thonous transmission of chikungunya establishing in
Spain may be elevated due to the large numbers of trav-
ellers returning to Spain from countries affected by the
2013-14 epidemic in the Caribbean and South America
[2], as well as the existence of the competent vector
in certain parts of Spain. In order to further assess
this risk and better understand the epidemiological
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and laboratory characteristics of imported chikungu-
nya cases, we retrospectively analysed the labora-
tory diagnostic database of the National Centre for
Microbiology, Institute of Health Carlos 11l (CNM-ISCIII)
from 2008 to 2014.

Methods

Case definition

The case definition used followed the guidelines pro-
vided by the Spanish Ministry of Health [15] and the
European Centre for Disease Prevention and Control
(ECDCQ) [16].

A suspected case was a patient meeting clinical criteria
(acute onset of fever(»38°C) and severe arthralgia not
explained by other medical conditions) and epidemio-
logical criteria (residing in or having visited epidemic
or endemic areas).

A confirmed case was a patient meeting the laboratory
criteria, irrespective of the clinical presentation (with
at least one of the following: virus isolation, presence
of viral RNA, presence of virus-specific IgM antibodies
in a single serum sample collected in acute or conva-
lescent stage, or fourfold rise in IgG titres in samples
collected at least 15 days apart) [15]. Patients with chi-
kungunya virus or chikungunya viral RNA detected in
serum were considered viraemic.

Serology and molecular analysis

The presence of IgM or IgG antibodies against chikun-
gunya virus was detected by indirect immunofluores-
cence (Euroimmun, Germany).

The presence of dengue virus IgG and IgM antibodies
was detected using IgM capture ELISA and IgG indirect
ELISA tests [17].

The presence of chikungunya viral RNA was detected
by an in-house real-time reverse transcription-PCR
(RT-PCR) and confirmed by two established PCR proto-
cols [18].

Dengue diagnostics

Dengue viral RNA was detected using RT-PCR [19].
Dengue nonstructural protein 1 antigen (NS1) was
detected by enzyme immunoassay (Platelia Dengue
NS1 Ag, Biorad).

Data used

All data from samples received for diagnosis and sur-
veillance of imported viral infections in the CNM-ISCIII
between 1 January 2008 and 31 December 2014 were
included in the study. Samples and data were codified
with a unique ID to ensure the anonymity of patients.

We accessed the CNM-ISCIII database, in which infor-
mation was typically collected on sex, age, date of
onset of symptoms, date of specimen collection, travel
destination and hospitalisation. We also contacted



FIGURE 2

Geographical spread of confirmed imported chikungunya cases (n = 264) and presence of chikungunya virus vector Aedes

albopictus in autonomous regions of Spain, 2008-14
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local health authorities and hospitals to retrieve
information on travel destination. Samples included
acute and convalescent sera. We used international
travel statistics obtained from a 2014 World Tourism
Organization report [20] to estimate incidence rates
of chikungunya virus-infected travellers returning to
Spain.

Results

Infections reported and patient characteristics
During the study period (1 January 2008 to 31 December
2014), a total of 1,371 suspected chikungunya cases
were identified (179 in 2008, 134 in 2009, 177 in 2010,
129 in 2011, 93 in 2012, 87 in 2013 and 572 in 2014). The
most frequently reported reasons for travel were work
(aid workers, missionaries, others), visiting friends and
relatives and tourism. In 2008-13, the median number
of suspected cases was 131 (range: 87-179). Of the
1,371 suspected cases in 2008-14, 42% (n = 572) were
reported in 2014 alone.

A total of 264 (19%) suspected cases were laboratory
confirmed by CNM-ISCIII during the study period. Of
the confirmed cases, the majority were female (n =
159; 60%), with a median age of 43 years (range: 1-93).
The number of suspected and confirmed imported

cases from 2008 to 2014 in Spain is shown in Figure
1A. During 2008-13, 30 imported chikungunya cases
were laboratory confirmed (6 in 2008, 4 in 2009, 11 in
2010, 5§ in 2011, 1 in 2012, 3 in 2013) with a median of
5 (range: 1—11) cases identified per year, while in 2014
there were 234 confirmed imported cases. The ratio
of confirmed to suspected cases shifted from 1:28 in
2008-2013 to 1:3 in 2014. The distribution of imported
cases by month during our study period in Spain shows
that the number of confirmed and suspected cases
reached its peak during July (Figure 1B).

Travel history

The travel history of the patients is detailed in Table
1. Between 2008 and 2013, the travel destination
was known for 19 of the 30 confirmed cases: 17 cases
had travelled to Asia (Indonesia (n = 5), India (n = 5),
Myanmar (n = 2), Thailand (n = 1), Philippines, (n = 1),
other Asian countries not specified (n = 3)) and two
cases had travelled to Africa (Cameroon and Equatorial
Guinea). Of the 234 cases in 2014, the travel history
of 220 patients (94%) was known: 154 cases (70%)
reported having visited the Caribbean during the
incubation period [16], 59 cases had visited Central
and South America (Venezuela, Colombia, Mexico,
Nicaragua, Peru, El Salvador, Panama), five had visited
Africa (Angola, Madagascar, Equatorial Guinea, and
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TABLE 1

Number of confirmed chikungunya cases (n = 264) and incidence rate of chikungunya among travellers returning to Spain,
by travel destination, 2008-2014

Travel destinations - Mean annual number 2008713 2ot
countries and territories i Ea'n Number of Incidence ratg per 100,000 Number of Incidence ratg per 100,000
g 3 cases travellers arriving in Spain cases travellers arriving in Spain
Americas
Venezuela 610,333 o o} 30 4.92
Haiti 317,666 o o] 11 3.46
Dominican Republic 4,421,000 o o 136 3.08
Guadeloupe 405,000 o o 2 0.49
Martinique 487,000 0 0 1 0.21
Colombia 2,200,000 0 o) 3 0.14
Dominica 77,250 ¢} ¢} 1 1.29
Puerto Rico 3,125,750 (o] o] 3 0.10
Nicaragua 1,083,000 o o 1 0.09
El Salvador 1,196,000 o o 1 0.08
Panama 1,515,250 0 o 1 0.07
Peru 2,581,000 (o] o] 1 0.04
Ameriess napected 2 | s7suponn : : o
Mexico 23,365,000 (o] o] 1 0.00
Africa
Mozambique 1,911,000 ¢} o} 1 0.05
Madagascar 218,250 (o] o] 1 0.46
Angola 478,000 (o] (o] 2 0.42
Cameroon 664,666 1 0.15 o] o]
Equatorial Guinea® No data 1 NC 1 NC
Asia
India 6,377,750 5 0.07 1 0.02
Asia (unspecified) 235,587,000 3 0.00 1 o
Indonesia 7,874,750 5 0.06 o] o]
Myanmar 54,875 2 0.36 o} o
Thailand 21,016,750 1 0.00 o] o
Philippines 4,097,750 1 0.02 o] o
No travel destination specified
Cases with missing data NA 11 NA 14 NA
Total number of cases NA 30 NA 234 NA

NA: not applicable; NC: not calculated, as no denominator data.

2 Source: [20] for data from 2008 to 2012 and [45] for data from 2009 to 2013. At the time of analysis, traveller data were not available for

2014.

b Traveller data were not available for Equatorial Guinea for 2008-13.

Mozambique) and two had visited Asia (India, unspeci-
fied). No autochthonous infections acquired in Spain
were identified or reported by the health authorities.

The incidence rates of chikungunya in travellers world-
wide returning to Spain are shown in Table 1. The
highest incidence rate in 2014 was seen in travellers
returning from Venezuela, with 4.92 cases per 100,000
travellers, followed by those who had travelled to
Haiti (3.46/100,000) and the Dominican Republic
(3.08/100,000). In contrast, during 2008-13, the high-
est incidence rate was in travellers returning from
Myanmar, with 0.36 cases per 100,000 travellers.
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Information about reason for travel was available for
a limited number of suspected cases in 2014 (n=66).
Among those 66 suspected cases, the most frequently
reported reasons for travel were visiting friends and
relatives (n = 27), tourism (n = 25) and work (n = 14; aid
workers, missionaries, others).

Region of notification and presence of vector

Overall, 120 hospitals in all Spanish regions referred
samples to the CNM-ISCIIl during the study period.
Of the 264 cases confirmed between 2008 and 2014,
Madrid and Catalonia had the largest number of notifi-
cations (150 (57%) and 44 (17%), respectively). A total



TABLE 2

Indirect immunofluorescence results and interval between the dates the first and second samples were taken, for
convalescent paired samples from 37 confirmed cases, Spain, 2008-14

Indirect immunofluorescence results

Number of samples

Mean time in days? (range) between the dates the first and

First sample Second sample second samples were taken, post symptom onset

IgM

Pos Pos 17 43 (7-79)

Neg Pos 4 22.5 (16-29)

Neg Neg 4 117 (53-181
I1gG

Pos Pos 17 108 (6-210)

Neg Pos 15 38 (16-60)

Pos Neg 1 58° (NA)

NA: not applicable; Neg: negative; Pos: positive.
2 Unless otherwise specified.

® The second sample was taken 58 days after symptom onset. The date the first sample was taken was not available.

of 66 of the cases (25%) were reported in regions where
Ae. albopictus is present (Catalonia, Autonomous
Community of Valencia, Basque Country, Murcia,
Balearic Islands, and since 2013 southern Andalusia)
(Figure 2). Of these 66 cases, six were viraemic (PCR
positive) when presenting to clinicians in Spain.

In 2014, during the active period of Ae. albopictus
in Spain (May-October), we confirmed a total of 33
imported cases in regions with vector presence, three
of whom were viraemic when presenting to clinicians
in Spain.

Serological diagnostics

Of the 33 confirmed imported cases in regions in which
Ae. albopictus was present, 30 had anti-chikungunya
virus IgM antibodies, suggesting recent infection.

Serology was performed on 1,147 of the 1,371 (84%)
suspected imported cases. Of the 1,147 tested, 235
(20%) were positive for IgM. Of the 235 IgM-positive
samples, 11 (5%) also tested positive by the molecular
methods described.

From 36 IgM-positive imported cases with known date
of symptoms onset, samples were collected within o to
37 days after onset (median: 7 days).

Paired serum samples were available for 37 confirmed
cases, where the time elapsed between the first and
second samples ranged from 2 to 210 days. The results
of the IgM and IgG assays are shown in Table 2. The
time taken for an initially positive IgM test to become
negative ranged from 93 to 181 days in our study.
Among cases for whom the first sample was IgG posi-
tive, some remained IgG positive for up to 210 days,
when the second sample was taken. Of 37 paired serum
samples, 15 demonstrated seroconversion within 14 to
60 days.

Molecular diagnostics

Molecular diagnosis was carried out for samples from
481 (35%) of the 1,371 suspected cases: viral genome
was detected by RT-PCR in 39 (8%) of the 481 tested.
Of the 39 patients with a chikungunya virus-positive
PCR, 11 had a known date of symptom. The samples
were collected 0-3 days after symptom onset except
for one, which was collected after six days.

Of the 235 patients whose infection was confirmed by
IgM, 86 were negative by PCR. For these 86 patients,
the median time from onset of symptoms to sample
collection was four days (range: 0—35).

Concurrent infection

Of the 1,371 suspected chikungunya cases reported
during the study period, 817 were also tested for the
presence of anti-dengue virus 1gG and IgM antibod-
ies, dengue RNA and/or dengue nonstructural protein 1
antigen (NS1). In 2014, 41% (234/572) of the suspected
chikungunya cases were tested for dengue virus infec-
tion while in the rest of the study period (2008-13),
73% (583/799) of the suspected chikungunya cases
were tested for dengue virus infection. Dengue RNA,
NS1 and/or anti-dengue virus IgM antibodies were
found in 116 of the 1,371 suspected chikungunya cases.
During 2008-13, a total of 87 imported dengue cases
were laboratory confirmed (9 in 2008, 13 in 2009, 28 in
2010, 9 in 2011, 12 in 2012, 16 in 2013); in 2014, there
were 29 confirmed imported dengue cases. The dis-
tribution of dengue imported cases by month in 2014
showed that the number of confirmed cases reached its
peak during August (data not shown). A total of 13/29
confirmed dengue cases in August 2014 reported hav-
ing visited the Americas.

Of the 116 dengue cases, five were also confirmed as

positive for chikungunya virus, one in 2010 and four in
2014. Of these five, three had anti-dengue virus and
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TABLE 3

Dengue virus and chikungunya virus laboratory results from coinfected confirmed imported cases, Spain, 2008-14 (n = 5)

Confirmed chikungunya

Confirmed dengue

Travel destination

IgM plus PCR
1 Pos Neg Neg Venezuela 2014
2 - Pos Neg Neg Philippines 2010
IgM positive o K
3 Pos Neg Neg Dominican Republic 2014
4 Neg Neg Pos Dominican Republic 2014
5 IgMand PCR positive Neg Neg Pos Venezuela 2014

Neg: negative; Pos: positive.

anti-chikungunya virus IgM, one had anti-dengue virus
IgM and chikungunya viral RNA, and one had dengue
viral RNA and chikungunya viral RNA. The coinfected
patients in 2014 had returned from Venezuela (n=2)
and the Dominican Republic (n=2). The patient coin-
fected in 2010 had returned from the Philippines (Table

3).

Discussion

We have described a 7.8 fold increase in the number of
imported chikungunya virus infections from 2008-13
(30 cases) to 2014 (234 cases) in Spain, with the num-
ber in 2014 being the highest recorded in the country.
Every year since 2006, imported chikungunya cases
have been identified among travellers returning to
Spain. During 2006 to 2007, 29 laboratory-confirmed
imported cases were diagnosed among a cohort of
308 travellers with symptoms compatible with acute
or recent chikungunya virus infection on their return to
Spain [21]. The majority of these cases (n = 20) had vis-
ited India or the Indian Ocean Islands. Similarly, dur-
ing 2008 to 2013, most imported cases (17/19) arrived
from Asia. As a result of an ongoing outbreak in the
Americas, with more than 780,000 suspected cases by
31 October 2014 [22], however, the majority of cases
imported to Spain in 2014 were from the Caribbean
and northern parts of South America [23], demonstrat-
ing the potential of this large chikungunya outbreak to
affect Spain.

The Caribbean is a popular travel destination for
Spanish travellers during the spring and summer
months. It is also a destination for migrants living in
Spain, who travel back home to visit friends and rela-
tives, as shown by the large proportion of chikungunya
cases in our study who had visited friends and rela-
tives (27/66). Spain has a dynamic population of Latin
American and Caribbean immigrants with permanent
residency in Spain who frequently travel to their coun-
try of origin. Immigrants from the Caribbean, espe-
cially the Dominican Republic, have represented the
one of the largest proportion of immigrants in Spain in
recent decades and a continued growth of Dominican
immigration is predicted for the future [24]. This corre-
lates with the high number of confirmed chikungunya
cases from the Dominican Republic (136/264) seen in
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our study. Furthermore, migrants visiting friends and
relatives are less likely than tourists to seek travel
health advice, and therefore to take preventive meas-
ures during their stay, representing an important gate-
way for the entry of chikungunya virus in Europe [25].
This challenge requires appropriate countermeasures
such as targeted guidance to these groups of travellers
at risk and early screening.

During 2015, however, the virus spread from the
Caribbean to South and Central America, and more
countries have become affected. The virus spread in
Colombia, Venezuela, Brazil and other South American
countries during the summer of 2015. In Brazil, where
in 2014 a total of 3,657 cases distributed in eight
municipalities were reported, in 2015 the number of
cases increased more than fivefold, to 20,661 cases in
84 municipalities, mainly in north-east and south-west
states [26].

Appropriate surveillance and investigation of imported
chikungunya cases could also aid in understanding
better the epidemiological and virological dynamics
of the outbreak in the Caribbean and Latin American
countries. Returning travellers can serve as indirect
sentinels to monitor the geographical spread of the
outbreak in the Americas. For example, in our study
52% of imported cases came from the Dominican
Republic, in line with PAHO’s report in October 2014
that showed 62% of cases in the Americas stem from
this country [22]. Similarly, in late 2014, 13% of chi-
kungunya virus-infected travellers were returning from
Venezuela, around the time the country was facing a
large re-emergence of vector-borne diseases [27]. If we
look in 2015 for chikungunya cases in Spain imported
from Venezuela, the percentage would probably be
larger due to the large epidemic there.

Sharing of data gained through analysis of return-
ing travellers could support countries where no or
scarce data on chikungunya have been reported. In
our study, for example, we saw an imported case
from Mozambique, a country that only recently dem-
onstrated circulation of chikungunya virus [28]. We
also saw cases in travellers returning from Colombia,
El Salvador and Nicaragua, which have reported local



transmission, and from Panama, which had reported
imported cases in 2014 [3,29]. While this can serve
as an indication, using travel information alone is not
sufficient to definitively determine the country source
of infection as travel is seasonal to most destinations
and the epidemic may have been introduced before
infected travellers returned.

Although the chikungunya outbreak in the Caribbean
has led to an increase in the number of cases in Spain,
enhanced surveillance may have also contributed to
the rise. Chikungunya was classified a notifiable dis-
ease in 2013 by the Consejo Interterritorial del Sistema
Nacional de Salud and became law in 2015, after our
study period [30,31]. This may have led to greater
awareness among patients and physicians, resulting
in better ascertainment of suspected cases. Before
the outbreak in the Caribbean, 1 in 28 suspected chi-
kungunya cases were confirmed positive in the ISCIII
whereas in 2014, the ratio was 1 in 3 (confirmed vs
suspected cases). In 2008-13, of the 799 cases noti-
fied only 30 were confirmed, whereas in 2014, 234 of
572 notified cases were confirmed. Similarly, in south-
eastern France, an increase in the number of suspected
cases was noted in 2010 due to enhanced surveillance
for chikungunya implemented after autochthonous chi-
kungunya transmission was reported [10].

Although autochthonous transmission of chikungunya
has been documented in south-eastern France in 2010
and 2014 [8,10] as well as in Italy in 2007 [9], Spain
has not reported local transmission of chikungunya
virus, despite the presence of Ae. albopictus mosqui-
toes in the country [32]. Chikungunya virus strains with
the A226V viral mutation have not yet been described
in America, as the circulating genotype is the Asian
one and not the East/Central/South African (ECSA)
genotype, in which the mutation arose [5]. This muta-
tion should be considered in risk assessments of local
transmission in Spain. Our data show that most travel-
lers returned to Spain during the warm months of June
to September, coinciding with the period of activity
for Ae. albopictus (May-October). In 2014, the highest
number of confirmed imported cases of chikungunya
were in areas in which the vector was present (n=66;
Catalonia, Autonomous Community of Valencia, Murcia,
Basque Country, Balearic Islands and Andalusia).
Importantly, six of these 66 confirmed cases were
positive by PCR. Such viraemic travellers are potential
disseminators of the virus through bites of vectors, or
by donating blood [33]. The ability of infected vectors
to effectively overwinter until the next hot season fur-
ther adds to the importance of imported chikungunya
[34]. Considering that autochthonous transmission in
France in 2010 occurred following importation of only
two cases of chikungunya, the high number of infected
travellers returning to Spain highlights the increased
risk of autochthonous transmission becoming estab-
lished. It is important to note that, to date, countries
affected by localised outbreaks in the EU have been
able to contain further spread of the disease [10,35].

Serological diagnosis can be performed by detection
of specific IgM antibodies in serum from four to five
days after the onset of symptoms, or a fourfold rise
in chikungunya- specific IgG antibody titre in a paired
serum sample. Chikungunya-specific IgM can persist
for months, in particular in patients with persistent
arthralgia [36]. The reported sensitivity of the com-
mercial Immunofluorescence test used for detection of
chikungunya-specific IgM has been 98.3%, with a sen-
sitivity of 96.9% [37]. The specificity and sensitivity
for the detection of IgG is 100.0% and 95.4%, respec-
tively [37]. In our study, we observed that IgM can be
detected from a median of seven days after onset of
symptoms and that IgG can be detected from 16 days
after the first sample is taken. This highlights that if
specimens are collected very early in the course of the
illness and tested only for IgM antibodies, serological
diagnostic testing may not detect cases. In convales-
cent samples, we observed that IgM can persist up to
79 days. This should be taken into consideration when
sampling and testing for chikungunya virus in return-
ing travellers. Further study is also merited as com-
plete case information for this analysis was available
only for a limited subset of cases.

As chikungunya virus infection has similar symptoms
as dengue and both viruses can circulate in the same
area, chikungunya fever has often been mistaken for
dengue. Confirmed dengue imported cases among trav-
ellers seen in our study support the suspicion of dual
endemic circulation of dengue and chikungunya viruses
in the Caribbean. Coinfections have been reported in
Saint Martin, where 2.8% of chikungunya cases were
reported as dengue coinfections in December 2013
to January 2014 [38]. In 2010, south-eastern France
reported the concomitant emergence of dengue and
chikungunya viruses, with two autochthonous infec-
tions reported for each [10,35]. Here we report five
coinfections, four occurring in 2014 and one in 2010.
Coinfections in travellers returning to Europe from the
Indian Ocean Region in 2006 have been reported [39].
In addition, imported cases of Mayaro virus infection,
an American alphavirus, were described in Germany in
2013 [40], France in 2010 [41] and the Netherlands in
2008 [42]. An imported case of O’nyong nyong virus
infection, an African alphavirus, was described in
Germany in 2013 [43]. Differential diagnosis of alphavi-
ruses is therefore important and physicians should
familiarise themselves with their clinical presentation.

The importance of coinfection is further highlighted as
Ae. albopictus is also a recognised vector with compe-
tence and capacity to transmit dengue virus. With the
increasing spread of Ae. albopictus in southern Europe,
the risk of the establishment of these two arboviruses
in Europe has also increased [44]. Continued aware-
ness of other emerging diseases is needed to ensure
rapid detection and control. The implementation of
a strategic national surveillance system adapted to
the early detection of both chikungunya and dengue,
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combined with vector monitoring systems, is urgently
needed.

Considering the intense international traffic between
Spain and countries affected by the 2013-14 chikun-
gunya outbreak, as well as immigration and the dis-
tribution of competent vectors, chikungunya virus is
becoming a threat to Spain and neighbouring coun-
tries. This report highlights the need for integrated
active case and vector surveillance in Spain and other
parts of Europe where the virus may be introduced by
returning travellers. We furthermore highlight our expe-
riences with diagnosing samples from returning travel-
lers and how they can be used to indirectly monitor the
spread of the outbreak in the Americas. An outbreak
of chikungunya in Spain could have a considerable
impact on public health, the safety of blood donation
supplies and on tourism. With the 2013-14 outbreak in
the Americas, the number of chikungunya cases among
travellers returning to Spain from affected areas is
likely to continue to increase, especially in the sum-
mer season in Spain. Mediterranean countries should
strengthen preparedness for the re-emergence and/or
reintroduction of chikungunya virus and other Aedes-
transmitted diseases, especially in regions where Ae.
albopictus is present or could become established.
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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

11



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,

12

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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Average number of laboratory-confirmed pertussis for two
periods by patient age, Denmark, 1995-97 (n = 1,776) and
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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

www.eurosurveillance.org

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.
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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
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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

www.eurosurveillance.org



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
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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
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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.
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Increasing antimicrobial resistance of Neisseria gon-
orrhoeae, particularly to third-generation cephalo-
sporins, has been reported in many countries. We
examined the susceptibility (determined by Etest
and evaluated using the breakpoints of the European
Committee on Antimicrobial Susceptibility Testing)
of 434 N. gonorrhoeae isolates collected from 107
female and 327 male patients in Stuttgart, south-west
Germany, between 2004 and 2015. During the study
period, high proportions of isolates were resistant to
ciprofloxacin (70.3%), tetracycline (48.4%; increas-
ing from 27.5% in 2004/2005 to 57.7% in 2014/2015;
p=0.0002) and penicillin (25.6%). The proportion of
isolates resistant to azithromycin was low (5.5%) but
tended to increase (p=o0.08). No resistance and sta-
ble minimum inhibitory concentrations were found for
cefixime, ceftriaxone, and spectinomycin. High-level
resistance was found for ciprofloxacin (39.6%) and
tetracycline (20.0%) but not for azithromycin; 16.3%
of the isolates produced betalactamase. Thus, cepha-
losporins can still be used for the treatment of gon-
orrhoea in the study area. To avoid further increasing
resistance to azithromycin, its usage should be limited
to patients allergic to cephalosporins, or (in combi-
nation with cephalosporins) to patients for whom no
susceptibility testing could be performed or those co-
infected with chlamydiae.

Introduction

Numbers of gonorrhoea cases have increased, and the
World Health Organization has estimated 106 million
new cases in adults worldwide for 2008, which was
21% higher than numbers for 2005 [1]. At the same time,
rising rates of antimicrobial resistance of its causative

www.eurosurveillance.org

agent, Neisseria gonorrhoeae, have been reported in
many parts of the world including Europe, even against
the third-generation cephalosporins, cefixime and cef-
triaxone [2,3]. For this reason, cefixime alone is no
longer recommended as single-drug treatment for gon-
orrhoea in Europe or the United States [4,5].

The European Gonococcal Antimicrobial Surveillance
Programme (EURO-GASP) was established by 12
European countries in 2004 in response to the emerg-
ing antimicrobial resistance of N. gonorrhoeae, as part
of the European Surveillance of Sexually Transmitted
Infections Project [6]. In 2016, EURO-GASP has par-
ticipation from laboratories from 21 European Union/
European Economic Area countries, which regularly
report gonorrhoea susceptibility testing results and
epidemiological surveillance data, and submit gono-
coccal isolates for centralised testing or participate
in decentralised testing. Since 2009, EURO-GASP has
been coordinated by the European Centre for Disease
Prevention and Control (ECDC). Resistance data have
been published regularly and in a timely manner [7,8],
but the numbers of isolates tested per country are
relatively low (between 10 and 251 in 2011 [8]) and
therefore most likely not representative of the epide-
miological situation of the individual countries.

As cases of gonorrhoea or antimicrobial resistance
patterns of N. gonorrhoeae isolates are not subject to
reporting in Germany, data regarding current antimi-
crobial susceptibility and its development over time are
scarce. Only three individual studies have addressed
this issue in the past 10 years. Abraham et al. ana-
lysed 5o isolates collected between 2001 and 2010 in
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FIGURE 1

Percentages of Neisseria gonorrhoeae isolates resistant to
penicillin, azithromycin, ciprofloxacin, or tetracycline,
south-west Germany, 2004-2015
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Dresden, Saxony [9], while Horn and colleagues have
reported the results of a nationwide surveillance study
conducted by the Paul-Ehrlich-Society of Chemotherapy
in 2010/2011 in which 213 isolates submitted by 23
laboratories were analysed [10]. Additionally, minimum
inhibitory concentrations (MICs) of selected antibiotics
for 65 N. gonorrhoeae isolates collected in 2004/2005
in southern Germany have been reported [11]. None of
these studies has reported cephalosporin-resistant N.
gonorrhoeae isolates. Data from EURO-GASP, however,
have provided evidence for the presence of cephalo-
sporin-resistant N. gonorrhoeae isolates in Germany,
too [7,8]; in fact, an Austrian patient with a cefixime-
resistant N. gonorrhoeae isolate acquired his infection
in Munich, south Germany [12].

To gain more information on the antimicrobial suscep-
tibility of N. gonorrhoeae in Germany and elucidate
possible changes in antimicrobial resistance occur-
ring over time, we analysed the susceptibility patterns
of all N. gonorrhoeae isolates identified and tested in
our laboratory between 2004 and 2015 (n=434). Since
age and sex have been identified as risk factors for
harbouring antimicrobial-resistant N. gonorrhoeae iso-
lates [13,14], we additionally analysed our data regard-
ing these parameters. Unfortunately, the study design
chosen did not provide information regarding other
possible risk factors, e.g. working as professional sex
worker or being a man who has sex with men (MSM).
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Methods

Bacterial isolates

Between July 2004 and March 2015, 434 bacterial iso-
lates were grown from swabs obtained from patients
aged 16 years and over living in the greater Stuttgart
area (a radius of around 50 km from Stuttgart city cen-
tre). Although difficult to estimate because N. gonor-
rhoeae is not mandatorily notifiable, the number of
isolates tested may correspond to 30-70% of all iso-
lates detected in that area within the period of time
indicated. The samples were mainly submitted by
private practitioners (primarily urologists, internists,
dermatologists, and gynaecologists). For 284 (65.4%)
patients, further samples (swabs or urine) had been
submitted for the detection of Chlamydia trachomatis
by PCR. Based on these laboratory results, 36 (12.7%)
patients were co-infected with C. trachomatis while
248 (87.3%) were C. trachomatis-negative.

Gram-negative, oxidase-positive diplococci were iden-
tified biochemically as N. gonorrhoeae by using the API
or the Vitek 2 system (both bioMerieux, Marcy-| Etoile,
France). Isolates were subjected immediately to antimi-
crobial susceptibility testing and subsequently stored
at —70°C for future analyses.

Susceptibility testing

Briefly, bacterial inoculums were prepared in sterile
saline at o.5 McFarland standard and tested against
the antibiotics indicated by using the Etest system (AB
Biodisk, Solna, Sweden) on Mueller-Hinton chocolate
agar, except for testing of azithromycin, for which a
chocolate GC Il agar with IsoVitaleX was used (both,
BD Diagnostic Systems, Heidelberg, Germany) [11].
Plates were incubated at 35-36.5 °C and 5% CO2 for
20-24 hours. Betalactamase production was assessed
by using nitrocefin disks (BD Diagnostic Systems).
The ATCC N. gonorrhoeae strain 49226 was used as
an internal control. Susceptibility was interpreted
according to the European Committee on Antimicrobial
Susceptibility Testing (EUCAST) and Clinical and
Laboratory Standards Institute (CLSI) breakpoints
[15,16].

Statistical analyses

Data were statistically analysed by using GraphPad
Prism version 6.0a for Mac OS X. Data on antibiotic
resistance, patients’ sex, or specialisation of refer-
ring practitioners were analysed using the two-tailed
Fisher’s exact test. Data regarding age were ana-
lysed using the Mann-Whitney U-test. To elucidate
potential changes in the antibiotic susceptibility in N.
gonorhoeae isolates over time, data also were ana-
lysed for two different periods: July 2004 to December
2009 and January 2010 to March 2015, as well as for
two-year periods. Differences were considered statis-
tically significant at p<o.o5. Trends were defined as
p-values between 0.05 and o.1.
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FIGURE 2

Antimicrobial susceptibility of Neisseria gonorrhoeae isolates to (A) penicillin G, (B) cefixime, (C) ceftriaxone, (D)
azithromycin, (E) ciprofloxacin, (F) tetracycline and (G) spectinomycin, south-west Germany, July 2004 to December 2015
(n=168) vs January 2010 to March 2015 (n=266)
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Blue bars (n=168) represent isolates from July 2004 to December 2009. Yellow bars (n=266) represent isolates from January 2010 to March
2015.
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TABLE 1

Antimicrobial activities of selected antibiotics against Neisseria gonorrhoeae isolates, Stuttgart, 2004-2015 (n=434)

MIC (mg/L) % of isolates (S/I/R*)

Antimicrobial agent MIC | MIC | Range EUCAST [8] CLSI [9]
Penicillin G 0.5 8 0.002 t0>32 9.4/65.0/25.6 9.4/65.0/25.6
Cefixime 0.016 0.03 <0.016 t0 0.125 100/NM/o 100/ NM /o
Ceftriaxone? 0.008 0.03 <0.002 t0 0.125 100/NM/o 100/NM/o
Azithromycin 0.25 0.5 0.016 to 128 73.5/21.0/5.5 n.d.
Ciprofloxacin 2 32 <0.002 t0 32 29.5/0.2/70.3 29.7/5.8/64.5
Tetracycline 2 32 0.016 t0 256 31.1/20.5/48.4 17.3/34.3/48.4
Spectinomycin 8 16 1t0 32 100/NM/o 100/NM/o

CLSI: Clinical and Laboratory Standards Institute; EUCAST: European Committee on Antimicrobial Susceptibility Testing; I: intermediate; MIC:
minimum inhibitory concentrations; n.d.: not determined (no breakpoints available); NM: no MICs for intermediate susceptibility defined; R:

resistant; S: susceptible.
2 Data available for 432 isolates.

Results

Resistance patterns

The median age of the patients was 33 years (range:
16-76), 107 (24.7%) were female and 327 (75.3%) were
male. Analysis of antimicrobial susceptibility of the
isolates to standard antibiotics revealed high propor-
tions of intermediate or resistant isolates for penicillin
(90.6%), ciprofloxacin (70.5%), and tetracycline (68.9%)
with lower proportions for azithromycin (26.5%; Table
1). No resistance to cefixime, ceftriaxone, or spectin-
omycin was detected. Thirty-one isolates (7.1%) were
susceptible to all antimicrobials tested.

High-level plasmid-mediated resistance to tetracycline
(216 mg/L) was seen in 87 (20.0%) isolates whereas
172 (39.6%) isolates expressed high-level resistance
to ciprofloxacin (24 mg/L). Seventy of 430 (16.3%) for
which data on betalactamase production was available
were betalactamase positive and thus expressed high-
level plasmid-mediated resistance to penicillin. High-
level resistance to azithromycin (2256 mg/L) was not
detected.

N. gonorrhoeae isolates from female patients (n=107)
were more resistant to penicillin (33.6%, 95% Cl: 25.4—
43.0% Vs 23.2%, 95% Cl: 19.0-28.1%; p=0.041) and
ciprofloxacin (78.5%, 95% Cl: 69.7-85.3% Vs 68.2%
95% Cl: 63.0-73.0; p=0.0499) than isolates from male
patients (n=327). There was no difference regarding
resistance to azithromycin or tetracycline (data not
shown). Patients older than 25 years (n=317) and those
aged 25 years or younger (n=117) did not differ regard-
ing resistance to penicillin (p=0.536), azithromycin
(p=0.481), ciprofloxacin (p=0.478) or tetracycline
(p=0.450).

Comparison of antimicrobial resistance 2004-
2009 vs 2010-2015

Demographic data of the two subpopulations, patients
whose isolates were analysed in 2004-2009 and those
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whose isolates were analysed 2010-2015, were com-
parable (Table 2). Applying the EUCAST definitions for
resistance [15], the proportion of isolates resistant to
tetracycline significantly increased and in fact almost
doubled (2004-2009, 30.4%; 20102015, 55.6%; Table
3). There also was a trend (p=0.084) towards increas-
ing resistance to azithromycin (2004-2009, 3.0%;
2010-2015, 7.1%; Table 3) while the resistance to
penicillin or ciprofloxacin did not change significantly
within the study period. A more detailed analysis by
plotting the data for two-year periods confirmed this
overall pattern for the whole study period (tetracycline,
p=0.006; penicillin, p=o0.411; ciprofloxacin, p=0.844;
azithromycin, p=0.133; Figure 1); notably, resistance to
ciprofloxacin increased between 2004/05 and 2008/09
but decreased thereafter (p<0.0001, each).

Analysis of the individual MICs of the seven antibiot-
ics tested revealed some minor changes for most anti-
biotics (Figure 2). In contrast, proportions of isolates
with MICs of 0.5 or 1 mg/L to tetracycline decreased
considerably while those of isolates with MICs of 2,
4 or 232 mg/L increased (Figure 2F). Likewise, the
increase in isolates with MICs»o0.5 mg/L to azithromy-
cin became evident but the proportions of isolates with
MICs of 0.125 and o0.25 mg/L were rather higher in the
second period than before (Figure 2D). The unique pat-
tern of ciprofloxacin revealed two groups of isolates,
i.e. one expressing very low MICs and the other one
with MICs=0.5 mg/L while there were almost no iso-
lates with MICs at the level of the EUCAST breakpoint
concentration, 0.06 mg/L, or slightly higher or lower
(Figure 2E). Notably, there was a stable pattern for
both cefixime and ceftriaxone, excluding also potential
shifts of MICs at lower concentrations (Figure 2B and
C), which might go undetected when only the break-
points are considered.

Discussion

Although we were unable to detect cephalosporin-
resistant N. gonorrhoeae isolates within the study
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TABLE 2
Demographic data from Neisseria gonorrhoeae-positive patients, south-west Germany, 2004-2009 vs 2010-2015 (n=414)

Characteristics

July 2004 to December 2009

January 2010 to March 2015

Number of isolates 168 266

Sex 0.909
Female 42 (25.0%) 65 (24.4%)

Male 126 (75.0%) 201 (75.6)

Age in years (median; range) 32; 17-68 34; 16-76 0.718
Specialisation of senders

Urology 78 (47.0%) 149 (56.0%) 0.076
Gynaecology 37 (22.3%) 61 (22.9%) 0.906
Internal medicine 20 (12.0%) 22 (8.3%) 0.235
Dermatology 16 (9.6%) 20 (7.5%) 0.479
Others or no specialisation 15 (9.0%) 14 (5.3%) 0.167

TABLE 3

Resistance of Neisseria gonorrhoeae isolates, south-west Germany, 2004-2009 vs 2010-2015 (n=434)

2004-2009 (n=168) 2010-2015 (N=266)

Antibiotic agent No % (95% Cl) * No % (95% Cl) p

Penicillin G (>1 mg/L) 42 25.0 (19.0-32.1) 69 25.9 (21.0-31.5) 0.910
Azithromycin (>0.5 mg/L) 5 3.0 (1.1-7.0) 19 7.1 (4.6-10.9) 0.084
Ciprofloxacin (»0.06 mg/L) 111 66.1(58.6-72.8) 194 72.9 (67.3-77.9) 0.133
Tetracycline (>1 mg/L) 62 36.9 (30.0-44.4) 148 55.6 (49.6-61.5) 0.0002

Cl: confidence interval.

2 Percentage of resistant isolates defined by European Committee on Antimicrobial Susceptibility Testing (EUCAST) breakpoints plus 95% Cl.

period, cefixime resistance has been reported for
many European countries including Germany [8]. Thus,
our data, although in line with two recently published
German studies [9,10], cannot be considered repre-
sentative for the situation in Germany, but they indi-
cate that the true overall cefixime resistance rate in
Germany may be considerably lower than the 10.2%
reported for 2011 by EURO-GASP [8]. In fact, all labora-
tory results may strongly depend on the area where the
samples were collected and the numbers of patients
included from high-risk groups. Our key finding in this
context, however, is the absence of an increase in MICs
to cephalosporins from the period 2004-2009 to the
period 2010-2015 (Figure 1). Thus, a possible rise in
cephalosporin-resistance in the future may not be the
result of previous and current (mis-)usage of cefixime
in the local population, but rather due to the introduc-
tion of new resistant strains into that population.

The EUCAST breakpoint of cefixime may be too high,
as N. gonorrhoeae isolates with this or lower MICs
have been described as the cause of infections that
did not resolve under cefixime standard therapy [8].
Considering a breakpoint of 0.06 mg/L, seven isolates
(1.6%) tested by us with a MIC of o0.125 mg/L were
resistant to cefixime.

www.eurosurveillance.org

We detected azithromycin resistance in 5.5% of the
isolates and none of the isolates expressed high-
level resistance; both findings correspond to the data
recently published by Horn et al. [10]. In contrast, an
azithromycin resistance rate of 0.9% has been reported
for Germany by EURO-GASP [8]. Notably, we observed
a strong trend towards more isolates with MICs » 0.5
mg/L of azithromycin from the period 2004-2009 to
2010-2015 (p=0.084), although in Europe, resistance
significantly decreased between 2009 and 2011 [8].
Still, increasing azithromycin high-level resistance of
N. gonorrhoeae isolates and a concomitant decline
in isolates expressing decreased susceptibility have
been shown for Scotland from 2004 to 2007 [17] from
where it appears to have spread to England and Wales
[18]. Only single high-level resistant isolates have
been shown for other European countries, including
Italy [19], Sweden [20], France [21] and Ireland [22]. To
prevent further increasing resistance to this valuable
drug, azithromycin usage should be limited to patients
who need to be treated with this drug, i.e. patients
with allergy to cephalosporins or patients with simul-
taneous chlamydial infection (in which case azithromy-
cin should be given together with cephalosporins) and
those for whom no drug susceptibility testing of the
causative agents can be performed.
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The highest resistance rate was observed for cipro-
floxacin (70.3%). This is in accordance with the data
published by Horn et al. [10] while resistance rates of
around 50% have been reported by others for Germany
[8,9]. Resistance rates for ciprofloxacin are also high
in most other European countries [8], and this might
be a sign of a still high fluoroquinolone usage by prac-
titioners for the empirical treatment of gonorrhoeae,
as ciprofloxacin resistance of N. gonorrhoeae has
been shown to decline after cessation of ciprofloxacin
usage [23]. It remains unclear at the moment, however,
whether the observed increase and decrease of cipro-
floxacin resistance correlates with changes in cipro-
floxacin usage within the study period. In contrast to
the other antimicrobials tested, MICs to ciprofloxacin
showed a bimodal distribution similar to what has been
shown for N. gonorrhoeae isolates from Japan [24].

Tetracycline resistance also was high (as previously
observed by others [10]), and increased significantly
within the study period (from 27.5% in 2004/2005 to
57.7% in 2014/2015). This might reflect its wide usage.
Doxycyline was the second most commonly prescribed
antimicrobial drug in German outpatient departments
in 2011 [25]. When we compared the antimicrobial sus-
ceptibility for 2004-2009 vs 2010-2015, considerably
more isolates were included in the latter than in the
former period, although the second period was three
months shorter than the earlier one. Even if it must
remain speculative at the moment, this finding might
indicate a true increase in cases of gonorrhoea in
the past years, similar to what has been reported for
England and Sweden [26,27], and thus may correspond
to the trend reported for syphilis in Germany [28]. A
reintroduction of the previous obligation to report all
cases of gonorrhoea in Germany, currently under dis-
cussion, may answer this question in the future. An
increasing gonorrhoea incidence, however, also might
at least partially result from the previously discussed
ciprofloxacin usage for empirical treatment of the
infection in the presence of high resistance rates to
this drug [29].

We did not detect spectinomycin resistance. This might
be due to its long-lasting non-usage, since its usage
leads to increasing resistance rates [30]. Thus, this
drug could potentially be used for the empirical treat-
ment of gonorrhoea. Known limitations, however, are
its unavailability in many European countries including
Germany and its reduced effectiveness in the treat-
ment of pharyngeal gonorrhoea [31].

In contrast to previous publications [13,14], we did
not observe age-related differences in susceptibil-
ity rates, and isolates from female patients showed
higher resistance rates than those from male patients.
This might be due to differences in study populations.
One limitation of our study in this context is the fact
that we do not have information regarding patients
who may belong to high-risk populations. For instance,
it has been shown that N. gonorrhoeae isolates from
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MSM are more resistant to antimicrobials than those
collected from men who have sex with women [32,33].
Likewise, infected commercial sex workers are more
likely to harbour resistant N. gonorrhoeae isolates than
other patients [32,34]. In contrast, a recent EURO-GASP
study has demonstrated decreasing cefixime MICs for
N. gonorrhoeae of MSM for the period 2009-2011, and
highest MICs for isolates from men who have sex with
women [13]. Furthermore, around 75% of the bacterial
isolates analysed in the present study were collected
from men; thus, our data may be more valid for male
than for female patients.

In conclusion, the current resistance situation of M.
gonorrhoeae isolates in south-west Germany may be
less dramatic than in other parts of Germany or other
European countries. High resistance rates to some
antimicrobials and changes of susceptibility over time,
however, call for a more stringent monitoring system,
e.g. the obligation of every laboratory to report all N.
gonorrhoeae isolates together with their susceptibility
testing results.

Acknowledgements

We thank Hajer Zoghlami and Carina Rausch for their expert
assistance.

Conflict of interest

The authors declare that they have no conflict of interest.

Authors’ contributions

TR designed the study, analysed the data, and wrote the
manuscript; TM designed the study, contributed bacterial
isolates, and wrote the manuscript; Rl analysed the data and
wrote the manuscript.

References

1. World Health Organization (WHO). Global incidence and
prevalence of selected curable sexually transmitted
infections—2008. Geneva: WHO; 2012. Available from:
http://www.who.int/reproductivehealth/publications/rtis/
stisestimates/en/

2. Unemo M, Shafer WM. Antimicrobial resistance in Neisseria
gonorrhoeae in the 21st century: past, evolution, and future.
Clin Microbiol Rev. 2014;27(3):587-613. DOI: 10.1128/
CMR.00010-14 PMID: 24982323

3. Lewis DA. Global resistance of Neisseria gonorrhoeae: when
theory becomes reality.Curr Opin Infect Dis. 2014;27(1):62-7.
DOI: 10.1097/QC0.0000000000000025 PMID: 24275696

4. Centers for Disease Control and Prevention (CDC). Update to
CDC’s Sexually transmitted diseases treatment guidelines,
2010: oral cephalosporins no longer a recommended treatment
for gonococcal infections. MMWR Morb Mortal Wkly Rep.
2012;61(31):590-4.PMID: 22874837

5. Bignell C, Unemo M, European STI Guidelines Editorial Board.
2012 European guideline on the diagnosis and treatment of
gonorrhoea in adults.Int ) STD AIDS. 2013;24(2):85-92. DOI:
10.1177/0956462412472837 PMID: 24400344

6. Martin IM, Hoffmann S, Ison CA. ESSTI Network. European
Surveillance of Sexually Transmitted Infections (ESSTI): the
first combined antimicrobial susceptibility data for Neisseria
gonorrhoeae in Western Europe.) Antimicrob Chemother.
2006;58(3):587-93. DOI: 10.1093/jac/dkl265 PMID: 16816397

7. Cole MJ, Unemo M, Hoffmann S, Chisholm SA, Ison CA, van de
Laar MJ. The European gonococcal antimicrobial surveillance

www.eurosurveillance.org



10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

programme, 2009.Euro Surveill. 2011;16(42):19995.PMID:
22027378

Cole MJ, Spiteri G, Chisholm SA, Hoffmann S, Ison CA, Unemo
M, et al. Emerging cephalosporin and multidrug-resistant
gonorrhoea in Europe. Euro Surveill. 2014;19(45):20955. DOI:
10.2807/1560-7917.E52014.19.45.20955 PMID: 25411689

Abraham S, Poehlmann C, Spornraft-Ragaller P. Gonorrhea:
Data on antibiotic resistance and accompanying infections at
the University Hospital Dresden over a 10-year time period.)
Dtsch Dermatol Ges. 2013;11(3):241-9.PMID: 23194411

Horn NN, Kresken M, Korber-Irrgang B, Gottig S, Wichelhaus
C, Wichelhaus TA. Working Party Antimicrobial Resistance
of the Paul Ehrlich Society for Chemotherapy. Antimicrobial
susceptibility and molecular epidemiology of Neisseria
gonorrhoeae in Germany.Int ) Med Microbiol. 2014;304(5-
6):586-91.D0I: 10.1016/].ijmm.2014.04.001 PMID: 24801146

Enders M, Turnwald-Maschler A, Regnath T. Antimicrobial
resistance of Neisseria gonorrhoeae isolates from the Stuttgart
and Heidelberg areas of southern Germany.Eur ) Clin Microbiol
Infect Dis. 2006;25(5):318-22.D0I: 10.1007/510096-006-0134-y
PMID: 16733613

Unemo M, Golparian D, Stary A, Eigentler A. First Neisseria
gonorrhoeae strain with resistance to cefixime causing
gonorrhoea treatment failure in Austria, 2011.Euro Surveill.
2011;16(43):19998. PMID: 22085601

Cole MJ, Spiteri G, Town K, Unemo M, Hoffmann S, Chisholm
SA, et al. Euro-GASP Network. Risk factors for antimicrobial-
resistant Neisseria gonorrhoeae in Europe. Sex Transm Dis.
2014;41(12):723-9. DOI: 10.1097/0LQ.0000000000000185
PMID: 25581808

Yu RX, Yin'Y, Wang GQ, Chen SC, Zheng BJ, Dai XQ, et al.
Worldwide susceptibility rates of Neisseria gonorrhoeae
isolates to cefixime and cefpodoxime: a systematic review
and meta-analysis. PLoS One. 2014;9(1):e87849. DOI: 10.1371/
journal.pone.o087849 PMID: 24498212

EUCAST. Breakpoint tables for interpretation of MICs and zone
diameters. Version 5.0, 2015. Available from: http://www.
eucast.org

Clinical and Laboratory Standards Institute (CLSI). Performance
standards for antimicrobial susceptibility testing; twenty-third
informational supplement. CLSI document M100-523. Wayne,
PA: CLSI: 2013.

Palmer HM, Young H, Winter A, Dave J. Emergence and spread
of azithromycin-resistant Neisseria gonorrhoeae in Scotland.)
Antimicrob Chemother. 2008;62(3):490-4. DOI: 10.1093/jac/
dkn235 PMID: 18552343

Chisholm SA, Neal T, Alawattegama AB, Birley HD, Howe RA,
Ison CA. Emergence of high-level azithromycin resistance in
Neisseria gonorrhoeae in England and Wales.] Antimicrob
Chemother. 2009;64(2):353-8. DOI: 10.1093/jac/dkp188 PMID:
19468025

Starnino S, Stefanelli P. Neisseria gonorrhoeae Italian

Study Group. Azithromycin-resistant Neisseria gonorrhoeae
strains recently isolated in Italy.] Antimicrob Chemother.
2009;63(6):1200-4. DOI: 10.1093/jac/dkp118 PMID: 19357159

Unemo M, Golparian D, Hellmark B. First three Neisseria
gonorrhoeae isolates with high-level resistance to
azithromycin in Sweden: a threat to currently available dual-
antimicrobial regimens for treatment of gonorrhea?Antimicrob
Agents Chemother. 2014;58(1):624-5. DOI: 10.1128/AAC.02093-
13 PMID: 24189248

Bercot B, Belkacem A, Goubard A, Mougari F, Sednaoui

P, La Ruche G, et al. High-level azithromycin-resistant
Neisseria gonorrhoeae clinical isolate in France, March 2014.
Euro Surveill. 2014;19(44):20951. DOI: 10.2807/1560-7917.
ES2014.19.44.20951 PMID: 25394255

Lynagh Y, Mac Aogain M, Walsh A, Rogers TR, Unemo M,
Crowley B. Detailed characterization of the first high-level
azithromycin-resistant Neisseria gonorrhoeae cases in
Ireland.) Antimicrob Chemother. 2015;70(8):2411-3. DOI:
10.1093/jac/dkvio6 PMID: 25907073

Espinosa K, Park JA, Gerrity )], Buono S, Shearer A, Dick C,

et al. Fluoroquinolone resistance in Neisseria gonorrhoeae
after cessation of ciprofloxacin usage in San Francisco: using
molecular typing to investigate strain turnover. Sex Transm
Dis. 2015;42(2):57-63. DOI: 10.1097/0LQ.0000000000000233
PMID: 25585061

Hamasuna R, Yasuda M, Ishikawa K, Uehara S, Takahashi S,
Hayami H, et al. Nationwide surveillance of the antimicrobial
susceptibility of Neisseria gonorrhoeae from male urethritis
in Japan. J Infect Chemother. 2013;19(4):571-8. DOI: 10.1007/
$10156-013-0637-2 PMID: 23813093

Federal Office of Consumer Protection and Food Safety. Paul-
Ehrlich-Gesellschaft fiir Chemotherapie e.V., Infectiology
Freiburg, eds. GERMAP 2012 - Report on the consumption

of antimicrobials and the spread of antimicrobial resistance

www.eurosurveillance.org

26.

27.

28.

29.

30.

31.

32.

33.

34.

in human and veterinary medicine in Germany. Rheinbach:
Antiinfectives Intelligence; 2014. Available from: http://www.
bvl.bund.de/SharedDocs/Downloads/08_Presselnfothek/
Germap_2012_en.pdf?__blob=publicationFile&v=3

Velicko I, Unemo M. Recent trends in gonorrhoea and
syphilis epidemiology in Sweden: 2007 to 2011.Euro Surveill.
2012;17(29):20223.PMID: 22835468

Savage EJ, Marsh K, Duffell S, Ison CA, Zaman A, Hughes

G. Rapid increase in gonorrhoea and syphilis diagnoses

in England in 2011.Euro Surveill. 2012;17(29):22224.PMID:
22835469

Bremer V, Marcus U, Hamouda O. Syphilis on the rise again in
Germany--results from surveillance data for 2011.Euro Surveill.
2012;17(29):20222.PMID: 22835467

Chesson HW, Kirkcaldy RD, Gift TL, Owusu-Edusei K, Weinstock
HS. Ciprofloxacin resistance and gonorrhea incidence

rates in 17 cities, United States, 1991-2006.Emerg Infect

Dis. 2014;20(4):612-9. DOI: 10.3201/eid2004.131288 PMID:
24655615

Kubanova A, Frigo N, Kubanov A, Sidorenko S, Lesnaya I,
Polevshikova S, et al. The Russian gonococcal antimicrobial
susceptibility programme (RU-GASP)--national resistance
prevalence in 2007 and 2008, and trends during 2005-2008.
Euro Surveill. 2010;15(14):19533.PMID: 20394716

Lindberg M, Ringertz O, Sandstrom E. Treatment of pharyngeal
gonorrhea due to beta-lactamase-producing gonococci.Br )
Vener Dis. 1982;58(2):101-4.PMID: 6461385

Koedijk FD, van Veen MG, de Neeling A}, Linde GB, van der
Sande MA. Increasing trend in gonococcal resistance to
ciprofloxacin in The Netherlands, 2006-8.Sex Transm Infect.
2010;86(1):41-5. DOI: 10.1136/sti.2009.037135 PMID: 19703843

Kirkcaldy RD, Zaidi A, Hook EW, Holmes KK, Soge O, del Rio C,
et al. Neisseria gonorrhoeae antimicrobial resistance among
men who have sex with men and men who have sex exclusively
with women: the Gonococcal Isolate Surveillance Project,
2005-2010. Ann Intern Med. 2013;158(5 Pt 1):321-8. DOI:
10.7326/0003-4819-158-5-201303050-00004 PMID: 23460055

Mason PR, Gwanzura L, Latif AS, Marowa E, Ray S, Katzenstein
DA. Antimicrobial resistance in gonococci isolated from
patients and from commercial sex workers in Harare,
Zimbabwe.Int ] Antimicrob Agents. 1997;9(3):175-9. DOI:
10.1016/50924-8579(97)00052-6 PMID: 9552714

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.

25



NEwS

The European Commission Consumers, Health,
Agriculture and Food Executive Agency (CHAFEA) call

for tender concerning studies on vaccination closes on
13 September

Eurosurveillance editorial team 1
1. European Centre for Disease Prevention and Control (ECDC), Stockholm, Sweden

Correspondence: Eurosurveillance editorial team (eurosurveillance@ecdc.europa.eu)

Citation style for this article:
Eurosurveillance editorial team. The European Commission Consumers, Health, Agriculture and Food Executive Agency (CHAFEA) call for tender concerning studies
on vaccination closes on 13 September. Euro Surveill. 2016;21(36):pii=30337. DOI: http://dx.doi.org/10.2807/1560-7917.ES.2016.21.36.30337

Article published on 08 September 2016

The European Commission Consumers, Health,
Agriculture and Food Executive Agency (CHAFEA)
call for tender to carry out two studies on the added
value of strategic and life-course approach to vaccina-
tion, and on shortcomings related to low vaccination
in healthcare workers, respectively, will close on 13
September 2016.

According to the tender document ‘each study has to
include a representative number of Member States
with a broad coverage as regards the variety of the
governmental or constitutional structure/political con-
cept, available legislative and managerial frameworks
for programme coordination, vaccination programme
performance, available programme capacities (infra-
structure, human resources) within the EU.

The contract, designed to carry out the two studies, is
for EUR 220,000.000 and the duration is for 11 months.

Questions and answers for the tender were last updated
on 31 August 2016.

Read more about the tender here.

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 European Centre for Disease
Prevention and Control, 2016.

26 www.eurosurveillance.org



