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Since January 2012, the Pacific Region has experi-
enced 28 new documented outbreaks and circulation
of dengue, chikungunya and Zika virus. These mos-
quito-borne disease epidemics seem to become more
frequent and diverse, and it is likely that this is only
the early stages of a wave that will continue for several
years. Improved surveillance and response measures
are needed to mitigate the already heavy burden on
island health systems and limit further spread to other
parts of the world.

Since January 2012, the Pacific is experiencing a high
burden of mosquito-borne disease due to concurrent
epidemics of dengue, chikungunya and Zika virus infec-
tions. So far over 120,000 people have been reported
to be affected, a figure that is likely to substantially
underestimate the real numbers due to underreporting.
For as long as there has been data available from the
Region (i.e. 40 years), this epidemic wave of mosquito-
borne viruses with 28 new mosquito-borne viral out-
breaks (n=25) and circulation (h=3) documented since
January 2012 (18 Dengue virus (DENV) serotype 1-4, 7
chikungunya virus and 3 Zika virus infection outbreaks,
respectively) is unprecedented (Table) [1-3]. We here
present an overview of the surveillance and epidemiol-
ogy of these mosquito-borne disease epidemics in the
Pacific Region, to help facilitate response measures
that are needed to mitigate the already heavy burden
on island health systems and to limit further spread to
other parts of the world.

Surveillance of mosquito-borne viruses in
the Pacific Region

The Pacific Public Health Surveillance Network (PPHSN)
is a voluntary network of countries, territories and
organisations created in 1996. It is dedicated to the
promotion of public health surveillance and response
to health emergencies in the Pacific Region. It covers
22 Pacific Island countries and territories (hereafter
referred to as the Pacific Region) with a population
of 10.6 million inhabitants [4]. The network services

Article submitted on 26 September 2014 / published on 16 October 2014

include the timely exchange of information on out-
break-prone disease through PacNet, an email list with
around 680 health professionals, and diagnostic sup-
port through a network of laboratories for identifica-
tion and verification of pathogens.

In 2010, the Pacific Syndromic Surveillance System
was introduced in the PPHSN. It monitors four syn-
dromes and aims at improved early warning to comple-
ment routine notifiable disease notification systems
that generally are not timely and seldom used for
regional surveillance purposes in the Pacific Region.
The Syndromic Surveillance system is under develop-
ment and currently includes sentinel reporting from
primary healthcare or hospital sites in all countries [5].
Manifest dengue, chikungunya and Zika virus infec-
tions have a similar initial clinical presentation and
may be reported as any of the first three of the fol-
lowing four monitored syndromes: (i) acute fever and
rash, (ii) prolonged fever, (iii) influenza-like illness and
(iv) diarrhoea. Due to similar initial clinical features to
the three mosquito-borne diseases, concurrent mea-
sles epidemics and leptospirosis pose diagnostic chal-
lenges in the Region.

There is a need for timely, reliable and detailed data on
mosquito-borne virus outbreaks and circulation of the
viruses in the Pacific Region. To obtain a comprehen-
sible overview of the present epidemiological picture,
several sources of information are used. Further to
PacNet, syndromic and laboratory-based surveillance,
event-based surveillance (mainly media and personal
communications with health professionals) and sur-
veillance by-proxy (reports of exported cases to neigh-
bouring countries) [6] are also important. To facilitate
better risk assessments and efficiency of data dissem-
ination, this data is visualized in a recently launched
interactive map available from: www.spc.int/phd/epi-
demics. The map, updated weekly, provides the region
for the first time with a dynamic real-time picture of the
current epidemic situation.

www.eurosurveillance.org
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The epidemiology of mosquito-borne
viruses in the Pacific Region

Mosquito-borne virus diseases in the Pacific Region
have a distinct epidemiology due to small populations
scattered over thousands of tropical and sub-tropical
islands on both sides of the equator in relative geo-
graphic isolation, together with (nowadays) significant
people’s mobility and thereby exposure to circulating
arboviruses through the airline networks of the Asia-
Pacific region (Figure 1).

Between January 2012 and 17 September 2014, a total
of 28 new mosquito-borne viral outbreaks (n=25)
and circulation (n=3) were documented: 18 DENV 1-4
outbreaks (2012: 7; 2013: 6; 2014: 5), 7 chikungunya
virus (CHIKV) (2012: 1; 2013: 2; 2014: 4) and 3 Zika
virus infection outbreaks (2012: 0; 2013: 1; 2014: 2),
respectively.

Looking at the first semester of 2014, the number of
outbreaks and circulating mosquito-borne viruses
seem to be increasing (Figure 2). During the same
period, DENV-3 became the dominating dengue virus,
and since Zika virus started to spread in the end of
2013, there was concurrent circulation of DENV-1,-2 and
-3, CHIKV and Zika virus (Table, Figure 2)

FIGURE 1

Dengue

The epidemic pattern of dengue in the Pacific Region
has typically presented in form of sporadic or rare epi-
demics rather than a hyperepidemic/endemic pattern,
with one dominating serotype sweeping across the
islands every 3 to 5 years, and with varying duration
of circulation in different islands largely depending on
population size [1,7- 8]. During 2012, there were out-
breaks of all four serotypes of DENV documented for
the first time during one year (Figure 2) [1]. DENV-1 was
the dominating serotype in 2012 and beginning 2013,
causing the largest documented dengue outbreak ever
in New Caledonia, with 10,978 confirmed cases and 5
deaths from September 2012 to September 2013. Since
2012 there have only been reports of one outbreak with
DENV-2 and -4 respectively: DENV- 2 recently caused
an outbreak in Tuvalu with 408 suspected cases (4%
of the population) and DENV-4 caused a large out-
break in Kosrae in September 2012 to March 2013 with
729 clinical cases (11% of the population) (Table) [9].
Furthermore there have been reports of new circulation
of DENV-2 in Fiji. (Table) After having been absent in
the region for 18 years, DENV- 3 has after the reintro-
duction in 2012, become the dominating DENV in the
region with five ongoing outbreaks, one of them in Fiji,
with 25,300 suspected cases and 15 deaths (Table,
Figure 1) [1,10].

Map of newly reported dengue, chikungunya and Zika virus infection outbreaks or new virus circulation?, Pacific Region®,

January 2012-17 September 2014¢ (n=28)
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CHIKV: chikungunya virus; DENV: dengue virus serotype 1-4; ZIKV: Zika virus.

2 Only incident outbreaks and virus circulation reported during the period. Outbreaks first reported in 2011 (DENV-4 in Marshal Islands,
DENV-2 in Yap and circulation of DENV in Papua New Guinea and Fiji) and still ongoing in 2012 are not presented.

® The 22 Pacific Island countries and territories that are core members of the Pacific Public Health Surveillance Network and referred to as

the Pacific Region.

¢ Real-time interactive map with current epidemiological situation and alerts is available from: www.spc.int?phd/epidemics
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Chikungunya

After being reported in the Pacific for the first time in
a small tightly controlled outbreak in New Caledonia in
2011 [11], CHIKV is currently becoming established in
the Region (Figure 1, Table) [2]. In Papua New-Guinea
in 2012-13, the largest epidemic in the Region so far
with estimated (though poorly documented) tens of
thousands of cases, was caused by the East Central
South African (ECSA) lineage of the virus [2]. The Asian
lineage of the virus was responsible for the outbreak
in Yap State (2013-14) [12] and also in New Caledonia
(2013) where CHIKV re-emerged in the middle of a large
DENV-1 epidemic and caused a small outbreak, similar
to the 2011 outbreak (Table) [13]. Phylogenetic analyses
of the CHIKV involved in the outbreaks in Tonga, Samoa
and American Samoa are not yet available. Due to the
on-going geographic expansion of Aedes albopictus in
the Pacific region (Figure 3), virus genotype monitoring
is a crucial aspect of surveillance.

Zika virus infections

After the first documented Pacific Zika outbreak in
Yap in 2007 [14], the Asian lineage of the virus reap-
peared in French Polynesia in October 2013, and has
since caused large outbreaks in New Caledonia (1,400
confirmed cases), Cook Islands (over 9oo cases) and
Easter Island that is not part of the PPHSN (Figure 1,

FIGURE 2

Incidence and aetiology of newly reported mosquito-borne
virus outbreaks and circulation® by semester®, Pacific
Region, January 2012-17 September 2014 (n=28)

10 A

Dengue virus type 1
mmm Dengue virus type 2
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mmm Dengue virus type 4
= Chikungunya virus
6 mm Zika virus
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o T
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S: semester.

An outbreak is considered an outbreak when reported as such,

and new circulation of virus if there has been no event with the

same virus reported during one year previously.

® S1includes the months from January to June and S2 the months
from July to December.

¢ Outbreaks or circulation that started before January 2012 or

after 17 September 2014 are not presented in this graph to allow

observation of a possible trend over time.

4 Semester 2 in 2014 is not complete, and only includes reports
from two full months out of six.

o

Table) [3]. In French Polynesia, extrapolation of the
8,746 suspect cases reported by the sentinel surveil-
lance network allows to infer that over 30,000 medi-
cal consultations were due to the spread of Zika virus
throughout the archipelago. Between November 2013
and February 2014, increased incidence of neurologi-
cal complications, including 42 cases of Guillain-Barré
syndrome, was a unique and worrying feature of the
French Polynesia outbreak that warrants further stud-
ies [3].

Discussion and Conclusions

Burden on the Pacific countries and territories
Mosquito-borne outbreaks are greatly exacerbating the
pre-existing burden that Pacific Island primary health-
care systems face. If not managed well, the epidemic
wave may threaten societies broadly, affecting trade,
tourism and work force beyond the direct morbidity
and mortality toll [2]. During the chikungunya outbreak
in Reunion Island, one third of the around 800,000
inhabitants were infected, peaking at more than 47,000
estimated cases in one week, with estimated produc-
tivity loss of €17.4 million (range €6 to €28.9 million)
and medical costs of €43.9 million that were met by the
French state [15-17]. Much of the burden on the Pacific
Region of the concurrent epidemics of all three dis-
eases covered here is unknown and further studies are
warranted, especially on co-infection and the effect of
sequential infection with different viruses.

Zika virus disease, generally reported to have a mild
clinical presentation, was associated with neurologi-
cal complications during concurrent Zika virus disease
and dengue epidemics in French Polynesia [3,18]. The
Pacific Region may be particularly vulnerable to com-
municable diseases due to isolation and immuno-
logically naive populations, but also due to rates of
non-communicable disease, such as obesity, diabetes
and cardiovascular disease, that are among the world’s
highest on some islands [19].

The risk for further spread

While there have been efforts to improve surveillance
in the Pacific over the past two decades, it is not likely
that the extent of the current increase in diversity and
frequency of mosquito-borne virus outbreaks in the
Pacific can be explained solely by improved surveil-
lance systems. In the island setting of the Indian Ocean,
the largest documented CHIKV outbreak lasted four
years (2004-2007) [15]. Therefore, considering also the
previous dengue outbreaks in the Pacific Region [1-2]
and the diversity of the current outbreaks, it seems
likely that the Pacific Region is in the early stages of
an epidemic wave for the three mosquito-borne viruses
that started in 2012 and is likely to continue for several
years.

The risk for further spread in the Pacific Region is high

for several reasons. Firstly, it is likely that there is little
immunity to these diseases, as DENV-3 had not been

www.eurosurveillance.org



circulating in the Region since 1995 [1] and prior to the
current wave, CHIKV and Zika virus occurrence in the
Pacific was limited to two documented outbreaks [11,
14]. Secondly, competent vectors present in the Region,
mainly Ae. aegypti and Ae. albopictus, but also other
local mosquitoes such as Ae. polynesiensis or Ae. hen-
silli are known to transmit these viruses (Figure 3)
[20]. These species have been incriminated in DENV
transmission on epidemiological and/or experimental
(laboratory infections) grounds. Several of them are
confirmed or strongly suspected vectors of CHIKV and
Zika viruses [21]. Thirdly, large population mobility and
airline travel facilitate the spread [22].

Vector control capacity in the Pacific Region is often
limited or insufficient [11]. At present, there is no ongo-
ing entomological surveillance system targeting vec-
tors of dengue and other arboviruses established in

FIGURE 3

the Region except in New Caledonia, Fiji and French
Polynesia. The current knowledge about mosquito dis-
tribution in the other countries and territories is based
on data collected during entomological investigations
in surveys from the second half of the 20th century
and from some more recent surveys [20]. Interestingly,
the three viruses involved in this epidemic wave are
not broadly mosquito-borne, but specifically Aedes
(Stegomyia)-borne.

The cause of the recent increase in mosquito-borne
disease in the Pacific Region is largely unknown, but
is in line with a global increase of emerging diseases,
and likely driven by a combination of socio-economic,
environmental and ecological factors [23].

The continuous challenges of dengue and chikungu-
nya [24] and more recently Zika virus infections [25]

Map of the known distribution of Aedes (Stegomyia) mosquitoes, vectors of dengue and possible vectors of chikungunya and

Zika viruses, Pacific Region as of beginning October 2014
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2 Aedes aegypti (not represented on the map) is present throughout most of the region including North Queensland. It is absent from the rest
of Australia, New Zealand, Hawaii, Futuna and some other remote islands, and it seems to be currently displaced by Ae. albopictus in many
locations (e.g. Papua New Guinea and Solomon Islands).

The known or strongly suspected distributions of other vectors are as follows (not exhaustive): Ae. scutellaris (Indonesia; Northern
Australia, Papua New Guinea); Ae. marshallensis (Marshall Islands; Western Kiribati; Kosrae; Pohnpei); Ae. hebrideus (Papua New Guinea;
Solomon Islands; Vanuatu); Ae. cooki (Niue, Vava’u Group, Tonga); Ae. tongae (Ha’apai Group, Tonga); Ae. tabu (Tongatapu group, Tonga);
Ae. kesseli (Niua group, Tonga); Ae. pseudoscutellaris (Fiji). [25]
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for Europe, the re-emergence of dengue in Japan [26],
and the first-time chikungunya transmission in the
Americas [27], show that these viruses pose a threat to
any country with competent vectors. The epidemiology
of mosquito-borne viruses in the Pacific may be chang-
ing. There are close links between the several European
overseas countries and territories in the Pacific Region
and Europe and the United States [28]. Considering the
extensive airline travel between the Pacific Region and
other parts of the world where the viruses have not yet
been established e.g. Europe and the United States, it
should be of international interest to stay informed of
the spread of the current Pacific Region wave of mos-
quito-borne viruses and to support surveillance and
control efforts [2,23,29].

Examples of response from PPHSN partners to the epi-
demic situation include the provision of support and
capacity building to Pacific Islands in surveillance, out-
break investigation and response, and mass-gathering
surveillance. The Pacific Outbreak Manual is also being
updated to include specific response guidelines for the
three viruses [30].

To further enhance surveillance and response meas-
ures, Pacific Directors and Ministers of Health have
shared the current risk assessment, and the upcom-
ing Pacific International Health Regulations meeting
will focus on mosquito-borne diseases. Island primary
healthcare-based systems have difficulties to cope
with high caseloads and there is a need for early multi-
disciplinary preparedness and response to face larger
outbreaks adequately [2].
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Following the European Union (EU) Council
Recommendation on prudent use of antimicrobial
agents in human medicine in 2001, and the success
of national campaigns, i.e. Belgium and France, the
European Centre for Disease Prevention and Control
(ECDC) decided to establish the European Antibiotic
Awareness Day (EAAD) on 18 November as platform
to support national campaigns across Europe. This
article provides an overview of EAAD tools, materials,
and activities developed during the first five years.
It shows that EAAD has been successful due to good
cooperation between ECDC and national institutions,
strong political and stakeholder support and evidence-
based development of campaign materials. EAAD has
provided a platform for pre-existing national cam-
paigns and encouraged similar campaigns to develop
where neither political support had been secured,
nor financial support had been available. As a result,
participating countries have continuously expressed
strong support for ECDC to continue its work on EAAD.
This has been endorsed by a steadily increasing num-
ber of countries participating and the growing interest
of varied professional and stakeholder organisations.
We conclude that EAAD should continue to act as cata-
lyst for discussion and as mechanism to raise aware-
ness of the public and prescribers about prudent use
of antibiotics.

Introduction

The emergence and spread of antibiotic resistance, is
recognised as a global problem. Its immediate conse-
quence is that, only a limited number of antibiotics,
and sometimes even no antibiotic, is available for the
treatment of infections caused by resistant bacteria.
Other direct consequences for patients include delayed
administration of appropriate antibiotic therapy, longer
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stays in hospitals, higher healthcare costs and poor
patient outcomes [1]. Worldwide action is thus neces-
sary to avert an impending threat to human health [2].

Of the steps that need to be taken to address antibiotic
resistance, we believe that improving antibiotic use is
the most important action needed to greatly slow the
development and spread of antibiotic-resistant bac-
teria. Antibiotics are frequently used inappropriately
or when they are not needed, in both humans and
animals.

Following adoption of the European Union (EU) Council
Recommendation on the prudent use of antimicrobial
agents in human medicine in November 2001, which
stated that EU Member States should inform the gen-
eral public of the importance of prudent use of anti-
microbial agents and the success of some national
campaigns, such as Belgium and France, the European
Centre for Disease Prevention and Control (ECDC)
decided in 2008 to establish the European Antibiotic
Awareness Day (EAAD) on 18 November as a platform
for providing support to national campaigns across the
region [3].

Since 2008, numerous health-related and professional
organisations, as well as the European Commission
and the World Health Organization Regional Office
for Europe (WHO/Europe), have partnered with ECDC
in preparing communications materials and planning
activities targeting both communities and hospitals
for EAAD. In 2012, under the banner of EAAD, national
campaigns to inform about prudent antibiotic use took
place in 43 European countries, with the target audi-
ences selected by campaign organisers at national
level, including both general public and prescribers.

www.eurosurveillance.org



This perspective describes the development of materi-
als and tools during the past five years, and provides
a review of the activities and achievements of EAAD.
It also presents results from the annual questionnaire
provided by participating countries and from an inde-
pendent monitoring of the media coverage.

Development of materials and tools for the
campaigns

ECDC endeavoured throughout the year 2008 to provide
participating countries with a core set of tools, includ-
ing @ common name ‘European Antibiotic Awareness
Day’ and logo, key messages, a dedicated website and
communications materials targeting parents and carers
of young children [4,5]. The various steps in prepara-
tion for the first EAAD that took place on 18 November
2008 were previously published [6].

In the following years, EAAD has focussed on pri-
mary care prescribers (2009) and hospital prescribers
(2010). In each case, campaign messages and materials
were developed following evidence-based processes,
i.e. results of systematic reviews and subsequently
they were reviewed by the EAAD Technical Advisory
Committee and tested in focus groups representing the
target audience in question. The campaign materials
included a dedicated EAAD website, logos and visuals
i.e., hedgehog mascot and TV and web spots, adver-
torials and on line banners, factsheets and prescrib-
ing check lists, patient brochures, template letters

FIGURE

and presentations. All campaign materials were made
available on the EAAD website [7].

In 2011 and 2012, the focus of EAAD shifted to con-
solidation, with new activities to support the national
campaigns at a process level as opposed to the devel-
opment of new content [8,9]. Given the global financial
crisis and competing priorities, a number of countries
reviewed government support for the annual cam-
paigns. ECDC chose to strengthen its support to the
participating countries by providing strategies and
tools to support the delivery of the existing key mes-
sages and materials including a social media toolkit,
and to foster impact evaluation strategies, and a pilot
training course on development, implementation and
evaluation of prudent antibiotic use campaigns.

Each year, participating countries answered a ques-
tionnaire providing feedback to ECDC on their national
activities for EAAD. The scope of this questionnaire is to
gather information about the national campaigns: e.g.
type and number of the activities, chosen target audi-
ence governmental support and EAAD material used
to support those activities. In addition since 2010, an
independent monitoring of the media coverage of EAAD
in terms of print, online and social media is performed.

Coverage of the campaigns

Since 2008, the number of European countries partici-
pating in the EAAD has increased year on year. In 2008,
all EU Member States plus Norway, Iceland, Croatia,

Countries participating in the European Antibiotic Awareness Day, 2008-2012

Participating countries
since:

mm 2008 (N=32)
= 2009 (=33)
2010 (n=35)
2011 (n=37)
2012 (n=43)

Non-participating
countries
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National activities

Country

Training
Scientific/professional
conference

Publication of articles in
Distribution of brochures or
other materials
Communications on
treatment recommendations
Advertisements

Press conference

Press release

Public relations activities
Activities targeting schools
Gimmicks

European Union

Austria ooo oo . ooo eoo . .o
Belgium o oo s s oo oo coce o o o o
Bulgaria oo ecoe oo . oo . ecoe XY} oo .

Croatia eecee |eo ecce ° ° ecce ° ooe ° ° ooe
Cyprus Y eoe eoe . . . oo LYY Y)Y eoe . oo
Czech Republic . ooe ooe ooe ooe oo oo ooo .o .o . .o
Denmark eooe oo . oo oo
Estonia . ecce oo ecce . oo ooe eeoe . .

Finland . oo oo
France o o . oo . . . .o
Germany oo cccee |ecoe ooe oo
Greece Ty oo Ty oo oo Ty Ty Ty oo
Hungary cccee |oo ooe oo . ccee |ecee |eee

Ireland ° ° eoo eoo oo ° ecoe eoo eoo ° oo
Italy ooe . oo oo ooe oo ccee
Latvia . oo oo . . oo oo

Lithuania . ooe ooe . . . ooe oo ooe oo
Luxembourg . . . oo . . oo oo . .
Malta ooe . . oo . oo oo oo oo
Netherlands . oo . . ooo oo
Poland eccee |ccces |eccee [occce |o ccee |oee ooe ccee | ooe ooe ccee oo
Portugal eoe . oo oo . . eoe eoe eoe . .
Romania . ccee |oee oo ccee |oee ooe ooe ooe oo
Slovakia . oo . . . . oo oo . .

Slovenia o ooe cooe . oo coe oo ooe
Spain eecce |ocee eece eece . eece oo eece oo oo oo .
Sweden oo ooe ° ° oo ooe ooe
United Kingdom oo ecoe ecoe XY} oo oo oo oo oo oo eccoe
European Economic Area

Iceland . oo . oo eoe oo
Norway . ooe ooe ooe o o oo . coe
Other countries

Albania eoo ° oo oo ° oo ° oo °

Bosnia and Herzegovina | ee oo o oo . oo . oo oo oo

Former Yugoslav Republic . .
Kosovo* . Ty XYYy XYYy oo Ty Ty .
Montenegro oo . oo
Serbia oo oo oo Yy . Xy Y Xy Y
Turkey oo ccee ccee |eo . ccee | ooe oo ooe ooe

Each dot corresponds to one activity-year.

* This designation is without prejudice to positions on status, and is in line with United Nations Security Council Resolution 1244/99 and the
International Court of Justice Opinion on the Kosovo declaration of independence.
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the Former Yugoslav Republic of Macedonia and Turkey
participated making a total of 32 countries. Between
2009 and 2012, this number increased to 43 coun-
tries, firstly with the addition of other EU enlargement
countries: Albania, Bosnia and Herzegovina, Kosovo*,
Montenegro and Serbia [10,11]. In 2012, through
cooperation with WHO/Europe, Armenia, Azerbaijan,
Belarus, Kyrgyzstan, Moldavia and Tajikistan also par-
ticipated (Figure).

Thirty-two countries initially participated to EAAD
in 2008; one additional country in 2009, two addi-
tional countries in 2010; in 2011 two further countries
joined and six more in 2012. Thus in 2012, a total of 43
European countries participated and in 2013, the num-
ber countries reached 45 (unpublished data).

Each participating country has carried out at least one
activity targeting the general public, primary care pre-
scribers or hospital prescribers (Table 1). The target
audiences have predominantly followed the theme set
by ECDC at European level, i.e. twenty-seven of 33 par-
ticipating countries targeted primary care prescribers
in 2009 and 31 of 35 countries targeted hospital pre-
scribers in 2010 [12]. In the subsequent years of con-
solidation, ECDC has seen a continued focus on all
three target audiences with in 2012, 36 of 43 countries
organising activities targeted at the general public, 34
at primary care prescribers and 30 at hospital prescrib-
ers (Table 1).

Governmental support

Government support has been an essential element in
funding and endorsing national campaigns. This sup-
port was universal in 2008, but then probably due to
financial constraints and/or competing priorities (e.g.
the 2009 influenza A(H1N1)pdm pandemic), a number of
countries were not able to secure on-going government
support for the annual campaigns. In 2009, 23 coun-
tries had government support, of which 14 were able to
secure funding for their national campaigns as part of
this support. The level of government funding further
decreased and in 2010 only nine countries remained
with government funding. This number increased again
by 2012, with 30 countries then receiving support, of
which 15 received financial support, from their govern-
ments (Table 2).

As government support varied in 2009 and 2010, cam-
paign planners considered a broader scope of alterna-
tive groups to provide support and funding, such as
professional groups and non-governmental organisa-
tions. By 2010, 16 countries reported cooperation with
professional groups, such as medical associations and
professional healthcare organisations. In 2011 and
2012, this number increased to 27 and 35 countries,
respectively, of which 10 countries and 19 countries,
respectively, reported receiving sponsorships (Table 2).

14

Print, online and social media coverage

ECDC has consistently monitored print and online press
coverage of EAAD in all 24 official EU languages since
2010. In 2010 and in 2011, 476 and 611 articles related
to EAAD were published, respectively, during a four-
month period between 15 October and 15 February. In
2012, 446 articles related to EAAD were published in
47 countries worldwide during a two-month monitor-
ing period between 18 October and 28 December. This
coverage represented a range of 42 to 72 million vis-
its of news online and a print reach of 18 to 77 million
persons.

The EAAD website (http://ecdc.europa.eu/en/EAAD/
Pages/Home.aspx) includes communications materials
in all EU languages [7]. Analysis of the EAAD website
showed around a 200% increase in web traffic i.e.,
during the week of 18 November each year compared
to the previous one. The most visited EAAD pages
were the country activities, toolkits, multimedia news
release (for English version), as well as the factsheets
and national campaigns (for the multilingual websites).

Since 2011, ECDC has increasingly used social media
(e.g. Twitter, Facebook) to convey EAAD messages. In
2012, EAAD was mentioned in 1,773 tweets, with over
of 3.7 million impressions reached. In 2012, ECDC with
WHO/Europe and the European Commission held a
joint Twitter chat on 20 November reaching 2.5 million
impressions (out of the 3.7 million stated above). EAAD
was also mentioned 58-times in the monitored period
in blogs, e.g. European Medical Students’ Association.
The postings focused on the EAAD and the use of
antibiotics.

From 2009 to 2012, ECDC broadcasted a TV spot rais-
ing awareness on antimicrobial resistance and EAAD
on a pan-European TV channel (Euronews), reaching an
average of 14 million EU citizens each year and among
them an average of 1.5 million people working in the
healthcare and medicine sector in Europe.

Discussion

In 2007, when the idea of a European-level initiative to
raise awareness about the importance of prudent use
of antibiotics was agreed, ECDC hosted two meetings
of national antimicrobial resistance (AMR) focal points,
nominated by the Member States. In these meetings in
September 2007 and March 2008, the form that the ini-
tiative should take and the benefits that it could bring
were discussed as well as draft campaign materials,
and feedback was given. In the end, the initiative was
conceived as a day (EAAD) upon which national cam-
paigns could be launched and where the power of many
could amount to more than the power of one [6,13-16].
Our analysis after five editions of EAAD, shows that it
obviously responded to a need at European level.

The EAAD has provided a platform for pre-existing
national campaigns and encouraged similar campaigns
to develop in other countries where neither political
support had been secured, nor financial support been
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TABLE 2

Overview of government and stakeholders’ support received per country, European Antibiotic Awareness Day campaigns,
2008-2012

Government Stakeholder
support support
) = o
© = S T
£ 5 s = = _ 5 =
Country 2 S 3 a g " o § _ = 8 g
= 5 2 2 2 £s5 g. 5, E @ =
2 = = = b &E 52 Be S. 03 £%s
: 0§ 5 E g & 5§ Bz 3% 5 Sz
= 5 5 = 2 £S cE =g £ 5 o<
S s T g g 25 28 &8 &8 = =8
European Union
Austria (XYY oo eoe oo ° oo . oo ° °
Be[gium eooe eocoe o0 eccee ° ° eoee eoee
Bulgaria oo X3 . eoe . . eoe .
Croatia . ey eccoce ey’ ecee . eoe .
Cyprus (XYY} eoo oo . ° ° oo
Czech Republic XYY oo XYY . ° YYY} oo oo .
Denmark . oo oo . . oo
Estonia . oo .
Finland oo o .
France Yy oo . ooe ooe .
Germany ecoe oo oo oo °
Greece oo oo . . soce .
Hungary ecee oo .
Ireland XY o0 eooe oo oo Y .
Italy ecee oo eoe YY) °
Latvia oo oo .o . .
Lithuania LYYYYY oo ° . oo ° oo oo
Luxembourg eoe Y oo oo Y .
Malta XYY o0 Xy ° ° °
Netherlands ) ) YY) ° oo ° °
Poland ey eccoe oo xy Xy ° ey ° oo
Portugal [ (YYY} oo . ° . oo °
Romania ecoe oo eoee ° LYYYYY oo
Slovakia oo eee eoe oo . oo °
Slovenia oo ooe coce soce .o B
Spain ooo . eocoe Xy . PYYY °
Sweden soce soce o o o B
United Kingdom XYY Y} (TYY} eccee eoe [ ° (YYY} oo
European Economic Area
Iceland oo o o o
Norway eoe eoee . . ° o
Other countries
Albania oo . oo . . . .
Bosnia and Herzegovina | ee oo . . .
E?maecrezlzﬁﬁglav Republic LYYYYY oo XYY . ecece YY) ° oo .
Kosovo* ecoe oo . eeoe .
Montenegro oo oo oo . .
Serbia oo ooe oo .
Turkey eccoe YY) ecoe ) YY) Y .

Each dot corresponds to one activity-year.

* This designation is without prejudice to positions on status, and is in line with United Nations Security Council Resolution 1244/99 and the
International Court of Justice Opinion on the Kosovo declaration of independence.
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available. As a result, year on year, in their reply to
the annual questionnaire, countries have expressed
their strong support for ECDC to continue its work on
the EAAD. This has also been highlighted by a stead-
ily increasing number of countries participating and
the growing interest of varied professional and stake-
holder organisations.

Evaluation of EAAD in terms of understanding its
impact on antibiotic consumption and on antibiotic
resistance is difficult because (i) the effects will vary
depending on the country as a result of variations in
the extent and the intensity of the national campaign
in each country and (ii) these effects are unlikely to be
immediate as shown from previous national campaigns
in some Member States. In addition, it is important to
remember that since the campaigns have been applied
heterogeneously at national levels, according to local
needs and resources, a one size fits all impact analysis
evaluation is not appropriate.

Regular opinion polls, i.e. ‘Special Eurobarometers’
on antimicrobial resistance commissioned by the
European Commission, however, should help identify
improvements in the knowledge, perception and self-
reported attitudes of Europeans with antibiotics [17,18].
Additionally, the effects on antibiotic consumption
and on antibiotic resistance in the European countries
most active in the campaigns should become visible
in the data reported to the European Surveillance of
Antimicrobial Consumption Network (ESAC-Net) and
the European Antimicrobial Resistance Surveillance
Network (EARS-Net), respectively [19—21]. By providing
training support on the development, implementation
and evaluation of prudent antibiotic use campaigns,
ECDC hopes that common evaluation indicators can
now be developed at European level and implemented
as part of national campaigns from 2014 onwards.

In 2013, ECDC and its partners launched the 6th edi-
tion of EAAD on 15 November 2013, with the emphasis
that ‘Everyone is responsible’ for addressing antibiotic
resistance and for using antibiotics more prudently,
during a European Commission press conference [22].
During this press conference, the results of a recent
‘Special Eurobarometer’ on the attitudes and knowl-
edge of Europeans about antibiotics, were presented
together with a review of new research initiatives
related to antimicrobial resistance and the latest sur-
veillance data on resistance trends [21,23]. In par-
ticular, the ‘Special Eurobarometer’ on antimicrobial
resistance showed a 5% decrease between 2009 and
2013, in the percentage of Europeans who took anti-
biotics during the past year and an increasing aware-
ness of Europeans that antibiotics do not kill viruses
[18]. These are positive developments that may reflect
the continuous efforts made by Member States in the
framework of EAAD. This is also the rationale for an
annual EAAD to support to national campaigns.

In 2013, ECDC arranged for a first extended global
Twitter conversation with its partners in the United
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States (US), Canada and Australia, and in connec-
tion with an EAAD Twitter chat organised jointly with
the European Commission and WHO/Europe using the
hashtag #EAAD. Dedicated EAAD Twitter (@ EAAD_EU)
and Facebook (http://facebook.com/eaad.eu) accounts
have been set up for the first time. The full evalua-
tion of the 2013 edition of EAAD is currently ongoing.
In reply to the annual questionnaire sent by ECDC to
evaluate the activities in 2013, 22 of 41 responding
countries highlighted that there was a change in their
country that could be attributed to the momentum cre-
ated by EAAD.

Looking to the future, self-medication with antibiot-
ics has been identified as a new focus for EAAD 2014.
Concerns about antimicrobial resistance and the need
for a more prudent use of antibiotics are of global
significance and are progressively being raised on
political agendas. A growing number of countries and
regions across globe, including the US, Canada and
Australia, have aligned the timing of their activities to
that of EAAD and the week of 18 November is increas-
ingly being recognised as the moment to raise aware-
ness about prudent use of antibiotics. This is a strong
encouragement for the coordinators of the EAAD to
continue acting as a global catalyst for discussion and
raising awareness about prudent use of antibiotics.

Members of the European Antibiotic Awareness Day
Technical Advisory Committee (i.e., experts and stake-
holders who provided technical advice to ECDC as part
of the Technical Advisory Committee during 2007-2012):

R. Muchl (Austria)?, ). Eyckmans (Belgium), J. Sturma? (Czech
Republic), H. Zemlickova? (Czech Republic), V Jindrak? (Czech
Republic); E. Parviainen (Finland), B. Schlemmer?® (France),
A. Lepape (France), M. Valtier (France), H. Giamarellou?
(Greece), A. Antoniadou?® (Greece), G. Daikos (Greece), M.
Melles® (Hungary), M. Grazia Pompa (ltaly); P. Casolari
(Italy), S. Caplinskas (Lithuania), M. Borg® (Malta), I.C.
Gyssens?® (The Netherlands), T. Verheij (The Netherlands),
H.P. Muiiiz® (Norway), H. Ngkleby? (Norway), W. Hryniewicz?
(Poland), M. Szjakowska (Poland), P. Ribeiro Da Silva
(Portugal), S. Kovacsova (Slovakia), M. Vrdelja® (Slovenia),
J. Campos? (Spain), C. Llor (Spain), 0. Cars® (Sweden), A.-L.
How (Sweden), A. Sten (Sweden), K. Wahlberg? (Sweden), E.
Gilgunn-Jones (United Kingdom), D. Lecky (United Kingdom &
e-Bug), C. McNulty? (United Kingdom & e-Bug), C. Butler (UK),
N. Heine/N. Safrany/A. Walters/V. Houdry/B. Toussaint/A.
Gijsens/M. Kokki (DG SANCO, European Commission), A.
Van Hengel/). Bunikis/A. Lonnroth Sjodén (DG RESEARCH,
European Commission), D. Lo Fo Wong/K. de Joncheere/H.
Kruse/V. Hafner/ B. Ganter/A.P. Coutinho/R. Andraghetti/O.
Polishchuk/H. Kluge/N. Emiroglu/H. Bak Pedersen (WHO/
Europe), R. Norrby (ESCMID), B. Beger/L. Tiddens-Engwirda
(CPME), J. Chave (PGEU), G.Ferreira (EPSA).

Members of the European Antibiotic Awareness Day
Collaborative Group who contributed at least one year
during 2008-2012:

Austria: R. Strauss, P. Apfalter, S. Metz-Gercek, H.
Mittermayer®; Belgium: S. Coenen; Bulgaria: T. Kantardjiev,
T. Velinov, B. Todorova; Croatia: A. Tambi¢ Andrasevic;
Cyprus: N. Paphitou, C. Hadjianastasiou, M. Alexandrou, D.
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Pieridou-Bagatzouni; Denmark: A.M. Hammerum, R. Skov, K.
Fuursted, G. Strgbaek, N. Frimodt-Mgller; Estonia: K. Kutsar,
M. Muzotsin; Finland: ). Jalava, A. Hakanen, M. Gunell, O.
Lyytikdinen, J.Vuopio, P. Huovinen; France: J.-M. Azanowsky;
Germany: A. Ziegelmann, K. de With; Hungary: K. Borocz, A.
Kurcz, I. Luif, E. Szilagyi;

Iceland: T. R. Thorsteinsdottir, T. Gudnason, G.
Sigmundsdottir, J. Hedinsdottir, K. Kristinsson, H. Briem;
Ireland: R. Cunney; Italy: A. Pantosti, P. Salcuni; Latvia: U.
Dumpis, S. Terela; Lithuania: A. Sinkeviciute, R. Valinteliene;
Luxembourg: S. Christmann, E. Heisbourg;

Malta: P. Zarb; The Netherlands: S. de Greeff, J. Prins, L.
Wijgergangs; Norway: M. Steinbakk, G. Wgien, M. Lindbak,
G.S. Simonsen; Poland: B. Mazinska, A. Olczak Pieaikowska;
Portugal: J.A. Paiva, A.C. Costa, J. Melo Cristino; Romania:
I. Codita, A. Baicus, A. Canton; Slovakia: L. Siegfried, H.
Hupkova; Slovenia: M. Cizman, A. Svetlin, S. Rojs; J. Kolman;
Spain: J. Oteo; B. Aracil; M. Pérez-Vazquez; Sweden: I.
Riesenfeld-Orn, J. Struwes, A. Tegnell; United Kingdom:
S. Wellsteed, M. Robinson, L. Willock; D. Ashiru-Oredope;
Montenegro: G. Mijovi¢; The Former Yugoslav Republic
of Macedonia: G. Bosevska; Serbia: Z. Jelesi¢; Turkey: N.
GCoplii; H. Simsek; Albania: P. Pipero, A. Ylli; Bosnia and
Herzegovina: M. Huki¢; Kosovo*: L. Raka.

2 Members of both the European Antibiotic Awareness Day
Technical Advisory Committee and of the European Antibiotic
Awareness Day Collaborative Group.

b Deceased.

* This designation is without prejudice to positions on status,
and is in line with United Nations Security Council Resolution
1244/99 and the International Court of Justice Opinion on the
Kosovo declaration of independence.
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We performed an ecological study using sentinel
consultation data from a medical deputising service
to assess the impact of increasing coverage with
childhood varicella vaccine on the incidence risk of
varicella and zoster in the population served by the
deputising service in Victoria, Australia from 1998 to
2012. Following a successful vaccination programme,
the incidence of varicella in Australia was modelled
to decrease and the incidence of zoster to increase,
based on a theoretical decrease in boosting of zoster
immunity following a decrease in wild varicella virus
circulation due to vaccination. Incidence risks (con-
sultation proportions for varicella and zoster) were
directly age-standardised to the Melbourne popula-
tion in 2000, when varicella vaccine was first availa-
ble. Age-standardised varicella incidence risk peaked
in 2000 and halved by 2012. Age-standardised zoster
incidence risk remained constant from 1998 to 2002,
but had almost doubled by 2012. The increase in zos-
ter consultations largely reflected increases in people
younger than 5o years-old. Although causality can-
not be inferred from ecological studies, it is generally
agreed that the decrease in varicella incidence is due
to increasing varicella vaccine coverage. The possible
indirect effect of the vaccine on zoster incidence is less
clear and ongoing monitoring of zoster is required.

Introduction

In 1998 the World Health Organization recommended
adding varicella vaccine to routine childhood vaccina-
tion schedules where it could be shown to be of rela-
tive public health and socio-economic importance,
where it was affordable and where sustained coverage
could be achieved [1]. The United States had imple-
mented universal childhood varicella vaccination three
years earlier, leading to a decline in varicella incidence,
related deaths and hospitalisations [2]. In 2004 the
European Working Group on Varicella recommended
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routine varicella vaccination for all healthy children
between 12 and 18 months and for all susceptible
children before their 13th birthday, and catch-up vac-
cination in older children and adults without a reliable
history of varicella and who were at risk of transmis-
sion and exposure [3]. The introduction of varicella
vaccine into the childhood schedule with subsequent
significant decrease in varicella in the community has
been reported from Navarre in Spain [4] and Bavaria in
Germany [5] but not all European countries have a uni-
versal varicella vaccine programme [6].

Part of the reluctance to introduce universal varicella
vaccination in some European countries was related
to the theoretical possibility that high coverage with
varicella vaccine in children would lead to an increase
in zoster. This possibility is based on the hypothesis
that T-cell-mediated immunity to zoster is boosted by
repeated exposure to circulating wild varicella virus
and that this boosting will decrease following the
decrease in circulating wild virus due to varicella vacci-
nation. This is known as the Hope-Simpson hypothesis
[7]. Assuming this hypothesis to be true, modelling in
England [8-10], Finland [11], the United States [12] and
Australia [13] suggested an increase in zoster incidence
for as many as 60 years would accompany a decrease
in varicella incidence following widespread use of
varicella vaccine in childhood. Australia nonetheless
licensed varicella vaccine in 2000 and added it to the
publicly funded national immunisation programme in
November 2005 for all children 18 months of age, with
a catch-up vaccine for children aged from 10 to <14
years. From 1 July 2013 the monovalent vaccine was
replaced with a combined measles-mumps-rubella-
varicella (MMRV) vaccine [14]. Varicella vaccine cov-
erage for children aged less than 2 years in Australia
was estimated as 83% by March 2011 [15] but sufficient
doses of vaccine had been distributed in the state of
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Victoria by 2002, prior to public funding, to cover up to
70% of children aged 12 months and a decline in vari-
cella hospitalisations had been noted from 2000 [16].
Zoster vaccine was not available in Australia during the
years of the study (1998 to 2012).

Following the introduction of varicella vaccine, a variety
of approaches have been used to monitor varicella and
zoster incidence (reviewed in Reynolds et al. [17]). All
reviewed studies documented a decrease in varicella
incidence but no change, or an increased incidence,
in zoster. More recent studies from the United States
have shown increases in zoster incidence in age groups
ranging from 40 to 65 years, but often these increases
were seen before the introduction of varicella vaccine
[18-20]. A gradual increase in zoster incidence, both
before and after varicella vaccination, has also been
seen in Canada [21], Australia [16] and China [22].

Using data from Victoria, Australia’s second most
populous state (population in 2010 approximately
5.6 million [23]), we have previously demonstrated
the predicted decrease in the number of cases hospi-
talised for varicella and described an increase in the
number of hospitalisations for zoster that began before
the introduction of varicella vaccine [16]. However, a
recent Australian study showed a slight decrease in
age-standardised zoster hospitalisations, and noted
that trends in non-hospitalised disease would need to
be monitored [24]. In the current study we have used
community-derived data from 1998 to 2012 from a dep-
utising medical service, fulfilling the role of a general
practice sentinel surveillance scheme, to investigate

FIGURE 1

the modelled changes in varicella and zoster incidence
related to the introduction of a universal childhood var-
icella vaccination programme in Australia.

Methods

We used sentinel data from a Melbourne-based medi-
cal deputising service, known as the National Home
Doctor Service [25], which provides after-hours (after 4
p.m. on weekdays and at any time during the weekend)
medical treatment on behalf of 650 general practices
in Melbourne and Geelong, the two largest population
centres in Victoria. Deputising service doctors are all
general practitioners (GPs), working in a service that
has been operating for more than four decades and
which was accredited by the Royal Australian College
of General Practitioners in 2002. Patients are typi-
cally those who would be seen with acute problems
in general practice but are instead visited at home or
in an aged-care facility. The ageing of the population
and increasing demand on GPs to visit elderly patients
in their homes or aged-care facility has meant that
the deputising service has an increasingly elderly
patient base. Total consultations have increased from
approximately 73,000 in 1998 to 149,000 in 2012 (data
extracted from the deputising service database). GPs
enter the details of each consultation into a purpose-
designed database that includes a free-text diagnosis
field. All entries are subject to quality assurance.

The Victorian Infectious Diseases Reference Laboratory
has password-protected access to the clinical database
maintained by the deputising service. Ethical approval
for the ongoing use of deputising service data for

Deputising service consultations for varicella, age standardised and by age group, Victoria, Australia, 1998-2012
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surveillance was granted by the Human Research Ethics
Committees at the Victorian Department of Health in
October 2002. We conducted searches for consulta-
tions with ‘chicken’/’varicella’ or ‘zoster’/’shingles’
recorded in the diagnosis field between 1998 and
2012. Data were extracted by week of consultation and
age. We grouped the data into the age groups o-4,
5-9, 10—-19, 20—-49 and 250 years for varicella and <50,
50-59, 60—-69, 70—79 and =80 years for zoster and cal-
culated the incidence risk for varicella and zoster as
the age-specific proportion of consultations per 1,000
patients (hereafter referred to as the incidence risk) for
all study years.

We then directly age-standardised the deputising ser-
vice consultation proportion (incidence risk) estimates
to the Melbourne population in 2000 [23]. We further
analysed data according to the three periods of vaccine
availability: (i) pre-2000, when no vaccine was avail-
able; (ii) 2000-05, when vaccine was available on the
private market; and (iii) after 2005, when the vaccine
was funded by the national immunisation programme.
Proportions were compared using a two-sample test
of proportions. Trends in the age-specific and age-
standardised proportions over the period of the study
were analysed using a non-parametric test for trend
developed by Cuzick as an extension of the Wilcoxon
rank sum test (STATA version 10.0; StataCorp LP). For

TABLE

all analyses we accepted p<o.o5 as the threshold for
statistical significance.

Results

The age-standardised varicella incidence risk rose
from 5.0 per 1,000 patients in 1998 to 5.6 per 1,000
patients in 2000 (p=0.157), and then fell to 2.0 per
1,000 patients in 2012 (p for trend=0.001 from 1998
to 2012) (Figure 1). In the shorter period from 2005,
since the introduction of varicella vaccine into the pub-
licly funded national immunisation programme, the
age-standardised varicella incidence risk fell from 4.3
per 1,000 patients to 2.0 per 1,000 patients in 2012 (p
for trend=0.023). The age-standardised varicella inci-
dence risk decreased significantly over each period of
vaccine availability. During the period of no vaccine
(1998 to 1999) the incidence risk was 5.2 per 1,000
patients. It subsequently decreased to 4.7 per 1,000
patients during the period of availability on the private
market (2000 to 2005) and fell again to 2.5 per 1,000
patients during the period when the vaccine was pub-
licly funded (2006 to 2012) (Table).

Age-group specific varicella incidence risk decreased
significantly for all age groups during 2000 to 2012 (p
for trend<o.o1 for all except those aged 50 years and
older, p=0.02) (Figure 1). Varicella incidence risk cal-
culated for each period of vaccine availability showed

Number and proportion per 1,000 consultations of varicella and zoster cases by age group and period of varicella vaccine
availability, Victoria, Australia, 1998-2012

1998-99 2000-05 2006-12

Cases by age group in years and age-standardised Pre-vaccine Private market Publicly funded
il n (proportion per n (proportion per n (proportion per 1,000

1,000 consultations)? 1,000 consultations)? consultations)?
Varicella
0-4 160 (14.96) 369 (12.84) 415 (6.93)"*
5-9 95 (21.29) 229 (19.21) 265 (11.27)"¢
10-19 66 (11.07) 137 (8.75) 128 (4.54)>¢
20-49 146 (3.01) 288 (3.10) 205 (1.61)>¢
250 13 (0.16) 45 (0.19) 60 (0.12)°
Total 480 (3.06) 1.068 (2.67)¢ 1.073 (1.39)"¢
Age-standardised risk of varicella consultations 5.22 4.70¢ 2.54%¢
Zoster
<50 40 (0.58) 140 (0.94)° 285 (1.15)°
50-59 15 (1.04) 72 (2.27) 152 (3.33)"°
60-69 32 (2.57) 79 (2.46) 200 (3.90)"
70-79 71(3:32) 183 (3.23) 370 (3.75)
280 137 (4.03) 429(3.57) 1016 (3.15)"¢
Total 295 (1.87) 903 (2.26)¢ 2023 (2.62)>¢
Age-standardised risk of zoster consultations 1.03 1.41¢ 1.81%¢

2 Unless otherwise indicated.

® p<o.os for comparison 1998-99 and 2006-12.
¢ p<o.os for comparison 2000-05 and 2006-12.
4 p<o.os for comparison 1998-99 and 2000-05
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small decreases for people aged under 20 vyears
between 1998 to 1999 (no vaccine) and 2000 to 2005
(privately available). However, statistically significant
decreases were seen after the vaccine was publicly
funded (2006 to 2012) (Table). The age distribution of
varicella consultations remained similar over the three
periods of different vaccine availability, with the high-
est proportion of varicella consultations among 5 to 9
year-olds, followed by under 5 year-olds. Varicella con-
sultations remained very uncommon in patients aged
at least 50 years (Table).

Changes in zoster incidence risk between 1998 and
2012 were not as clear as those for varicella. Although
there was a significant increase in the age-standard-
ised zoster incidence risk, ranging from 1.0 per 1,000
patients in 1998 to 1.8 per 1,000 patients in 2012 (p
for trend=0.005), the change was not uniform. The
increase was significant in people aged younger than
70 years (p for trend <o0.01 for people aged under 60
years and p for trend=0.02 for 60-69 year olds (Figure
2)) but there was no increase for people aged 70 years
and over. When the data were collapsed into the three
periods of vaccine availability, the incidence risk for
those aged less than 70 years increased, consistent
with the trend data (Table 1). However, a significant
decrease was seen in zoster incidence risk of cases
aged 80 years and older across each period of vaccine
availability (Table).

Discussion

In the 15 years from 1998 to 2012, the age-standard-
ised varicella incidence risk, estimated from medical
consultations at the deputising service, halved while

FIGURE 2

the age-standardised incidence risk of zoster almost
doubled. Both changes were statistically significant
when analysed according to distinct periods of vaccine
availability. We have used consultation proportions as
a measure of incidence risk in a specific patient group
because we were unable to determine the popula-
tion base of the deputising service and thus were not
able to calculate population-based incidence rates.
However, the recent study from Bavaria, Germany, also
used population proportions in sentinel paediatric
practices to describe a change in the varicella infection
pattern in the community [5]. The decrease in varicella
incidence risk is consistent with our previous results
based on hospital discharge data [16] and reports from
other countries [4,5,26].

We have also previously reported an increase in zoster
incidence in hospital data, as predicted by modelling
[13], largely driven by an increase in those aged over
80 years [16]. Deputising service data by age were not
available to us at the time of our earlier report, and the
overall number of zoster consultations (not age stand-
ardised) was observed to increase from 2001 [16].
Although the deputising service data reported here
indicate variability in zoster consultations, we have
described a clear increasing trend in presentations for
zoster in community patients younger than 7o years,
and found some indication of a decreased number of
consultations for zoster in the community among those
aged 8o years and older. A mixed picture of age-related
changes in zoster has been reported from various data
sources in various countries [18,19,27,28]. However,
compared with many other countries, Australia has
relatively high childhood varicella vaccine coverage,

Deputising service consultations for zoster, age standardised and by age group, Victoria, Australia, 1998-2012

. <
aNus

SU0I1B}INSU0D 000°T/YSII pasIpiepue)s asdy,

6 - mmm Standardised
—¥— <50
w
o
S ] 50-59
© 5
= —&- 60-69
(%2}
S 70-79
(S}
e 4 —%— >80 years
o
-
~
(%2
2 N\
a3
©
(&)
5}
i
R
G 2 7
o
o
Qo
£
=]
= 1
o T T T T T

2000 2001 2002

1998 1999 2003

Pre-vaccine Private market

www.eurosurveillance.org

2004

T T T T T T r o

2005 2006 2007 2008 2009 2010 2011

Publicly funded

Year

21



which may impact on zoster, as well as varicella, inci-
dence. An increase in zoster incidence among younger
patients, for any reason, may be easier to detect in
the community, since these patients will be less likely
to require hospitalisation for zoster and may not be
detected in studies of inpatients. On the other hand,
changes in zoster incidence among older patients,
especially those older than 8o years, may be easier
to detect in hospitalised patients [16,24], whether due
to disease severity or changed thresholds for hospital
admissions among the elderly.

Our study has a number of limitations. The feasibil-
ity of using general practice sentinel surveillance to
monitor varicella and zoster has recently been dem-
onstrated in Spain [29], but a deputising service is not
often used for sentinel surveillance. However Victorian
data from the National Home Doctor Service have pre-
viously demonstrated comparable evidence on influ-
enza-like illness in the community to that provided
by other sentinel practices in Victoria [30]. We have
recently extended this comparison to revise thresh-
olds for influenza surveillance in Victoria and have
demonstrated that the two sentinel systems detect
influenza community circulation within one week of
each other [31]. The deputising service is also used to
monitor gastroenteritis in the community in Victoria
and has shown concordance between gastrointestinal
illnesses seen by GPs from the deputising service and
community-based outbreaks due to norovirus [32]. The
concordance between sentinel deputising service and
sentinel general practice surveillance for influenza-like
illness and gastroenteritis demonstrates the applica-
bility of the deputising service to community-based
surveillance of infectious diseases.

Surveillance detects only a proportion of all disease.
Less severe cases of varicella and zoster are not likely
to present to any medical service, including the dep-
utising service, while more severe cases will present
to a hospital. There are also differences between the
deputising service and clinic-based general practice.
Whereas the five most common reasons for presenta-
tions to Australian general practices in 2009-10 were
for prescriptions, a general check-up, having a pathol-
ogy test or reviewing results, providing an immunisa-
tion and fever [33], the five most common reasons for
deputising service consultations were falls, respiratory
tract infection, review (unspecified), gastroenteritis
and urinary tract infection (data extracted from the
deputising service database). This difference confirms
that the deputising service is more likely to see patients
with an acute problem. However changes in those who
consult, in treatment-seeking behaviour or the health-
care system could have influenced the trends we have
reported.

The deputising service covers most of the Melbourne
and Geelong metropolitan areas, which includes a
large and diverse population. Data on socio-economic
status or other determinants of health are not routinely
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collected by the deputising service. While people who
use the deputising service may not be representative
of those who consult in general, there is no financial
disincentive to use the deputising service, as consul-
tations are free to the patient at the time of consulta-
tion. This has not changed during the study period. The
population base for deputising service consultations
among those aged less than 50 years remained rela-
tively constant over the study period, making it likely
that the increase in zoster consultations seen in this
age group is not a result of overall changes in the pro-
portion of this age group consulting.

However, the proportion of older patients seen by
the deputising service GPs increased substantially.
In 2000, 25% (14,947/60,329) of patients were aged
80 years and above, but this had increased to 39%
(61,110/157,025) by 2012. These variations do not affect
trends in proportions within age groups and we have
controlled for these changes in summary data by direct
age standardisation to the Melbourne population in
2000.

We did not validate the diagnosis fields used by the
deputising service and it is possible that the search
algorithm may generate some false positives where
entries such as ‘query chickenpox’ would be counted
as an episode of varicella. However, we extracted the
same diagnosis terms for all years, assuming biases
and anomalies that might be present would not change
by year. Quality assurance should minimise misspell-
ing that may otherwise result in missed records using
text-based search terms.

Although ecological studies cannot be used to infer
causality they are nonetheless used as evidence to sup-
port the success of vaccination programmes, includ-
ing the childhood varicella programme in Victoria and
elsewhere. Where the relationship is less direct, as
with varicella vaccination and zoster, it is more diffi-
cult to make an inferential connection. We are not able
to conclude that the increase in zoster incidence risk
in community patients seen by the deputising service
GPs is caused by high coverage with varicella vaccine,
as has been suggested by modelling studies. Equally,
we cannot conclude that increasing varicella vaccine
coverage does not, or will not, play a role in transient
increasing zoster incidence within the community.
These community-based data add to growing evidence
of increasing zoster — for whatever reason — and high-
light the need for multiple surveillance systems that
track different population groups or different levels
of illness severity for the decades over which zoster is
modelled to change [9,12,24]. The increase in zoster
suggests that the introduction of an adult zoster vac-
cination programme could be beneficial, depending on
the age of vaccine administration, the effectiveness of
the vaccine and the duration of protection [34].

www.eurosurveillance.org
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The recent paper by Ng et al., Association between tem-
perature, humidity and ebolavirus disease outbreaks in
Africa, 1976 to 2014 [1], addresses an important issue:
whether there are meteorological conditions associ-
ated with the onset of human Ebola virus disease out-
breaks. However, the findings presented in this study
are undermined by the use of a gridded climate dataset
built, for the region in question, on little-to-no actual
meteorological data.

Ng et al. perform their analysis using University of East
Anglia Climate Research Unit (CRU) gridded estimates
of surface meteorological conditions [2]. This 0.5° res-
olution global dataset merges monthly meteorological
station observations with a global land surface clima-
tology. The derived time series of CRU surface variables
have been validated through comparison with other
gridded climate products; however, these comparisons
were made using hemispheric and other large regional
spatial averages of the gridded data. Validation was
not reported at the local 0.5° resolution of the gridded
data. Furthermore, Harris et al. found discrepancies
from other gridded datasets ‘mostly in regions and/or
time periods with sparser observational data’ [2].

Ng et al. used the CRU dataset to identify temperature
and humidity conditions associated with the onset of
28 Ebola virus disease outbreaks in Africa during 1976
to 2014. All the Ebola virus disease outbreaks included
in this analysis, with the exception of the current West
African Ebola virus disease outbreak, occurred in cen-
tral Africa between 8-34°E and 7°S-6°N (Figure 1).
Within this region of more than 3 million km?, during
1976 to 2012, fewer than 40 stations per month pro-
vided temperature data for construction of the CRU
dataset and no stations provided humidity (i.e. vapour
pressure) data (Figure 2). Indeed, since 1992, on aver-
age fewer than seven stations per month provided tem-
perature data for construction of the CRU dataset.

The CRU dataset uses a land surface climatology and
a correlation decay distance (CDD) that spatially inter-
polates station records to inform estimates in all grid
cells, including those without stations [2]. Even after
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accounting for this CDD, there are regions of central
Africa with no station temperature record signal, and
most of Africa has no vapour pressure signal (Figure 3).

These issues are not minor. The CRU dataset is designed
and validated for large-scale climate analyses; how-
ever, the analysis performed by Ng et al. explored local
conditions associated with the onset of specific Ebola
virus disease outbreaks. The CRU dataset is likely not
appropriate for this analysis; consequently, the Ng
et al. study conclusions must be qualified. In other
instances, for example, in analyses of meteorologi-
cal conditions associated with malaria in the Kenyan
highlands, the findings made using the CRU dataset

FIGURE 1

Locations of Ebola virus disease outbreaks included in the
analysis of Ng et al. [1].
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were significantly different from those made using a
richer complement of station observations, accessed
through collaboration with the Kenyan Meteorological
Department [3]. Unfortunately, local meteorological
station records are often non-existent or difficult to
access in much of Africa.

Study of the relationships between meteorological con-
ditions and infectious disease outbreaks is important
research. It is vital the best meteorological records be
identified, made available and used for these analyses

FIGURE 2

[4], and that these analyses be postponed or qualified
in the absence of good records.
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FIGURE 3

Plots of distribution station records included in construction of the University of East Anglia Climate Research Unit dataset
for January 1996

A. Stations’ temperature records per grid cell B. Stations’ vapour pressure records per grid cell
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We thank Dr Shaman for his valuable comments [1] on
our article [2]. We agree that it is challenging to study
environmental determinants of diseases in locations
where data are scarce. There are certainly weaknesses
in the University of East Anglia Climate Research Unit
(CRU) TS 3.21 dataset that could have affected our con-
clusions. This dataset was based on large climate data-
sets gathered by the World Meteorological Organization
and the United States National Oceanographic and
Atmospheric Administration. To maximise the use of
available climate data, particularly in regions with
imperfect station coverage, historical data, distant sta-
tion data and station data of related climatic variables
were processed and interpolated to provide modelled
climatic data at a global scale. Technical details are
available in an article written by Harris et al. [3].

FIGURE

Article submitted on 10 October 2014 / published on 16 October 2014

The distribution of the 0.5° grid cells containing valid
station data for mean temperature within the corre-
lation decay distance in 1996 is shown in panel A of
the Figure. Correlation decay distance was defined as
the distance at which zonally averaged climatic condi-
tions are no longer significantly correlated at the 95%
confidence interval [3]. All of the Ebola virus disease
outbreaks we studied occurred within the grid cells
where at least one station data point was available.
As reported by Harris et al., station data for vapour
pressure were not widely available and these were
inferred from station data on mean temperature and
diurnal temperature range [3]. We show the distribu-
tion of grid cells containing valid station data points
for these two predictor variables within correlation
decay distance in 1980 in panel B of the Figure and in
1996 (panel C). Station data for mean temperature and

Grid cells containing one or more station data points within correlation decay distance
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A. Area shaded in blue represents 0.5° grid cells containing station data for mean temperature within correlation decay distance in 1996.

B. Area shaded in green represents 0.5° grid cells containing station data for mean temperature and diurnal temperature range within
correlation decay distance in 1980.

C. Area shaded in green represents 0.5° grid cells containing station data for mean temperature and diurnal temperature range within
correlation decay distance in 1996.

Red circles represent the Ebola virus disease outbreak areas.
Source: [3].
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diurnal temperature were not available in some previ- temperature, humidity and ebolavirus disease outbreaks in
ous Ebola virus disease outbreak areas and were less Africa, 1976 to 2014. Euro Surveill. 2014;19(35):pii=20892.
H H 3. Harris |, Jones PD, Osborn TJ, Lister DH. Updated high-
readily aval,lable for more recent years. Therefore ,the resolution grids of monthly climatic observations — the CRU
modelled climate data for these locations were mainly TS3.10 Dataset. Int ] Climatol. 2014;34(3):623-42.
influenced by historical norms. New et al. [4] showed 4. New M, Hulme M, Jones P. Representing twentieth-century

. . . . space—time climate variability. Part I: Development of a
vapour pressure historical norms were widely available 1961-90 mean monthly terrestrial climatology. J Climate.

for all outbreak areas included in our analyses. 1999;12(3):829-56.

In our analyses, we standardised the climatic variables
locally (standard deviation from the average climatic
condition at the same location) to represent climatic
condition as a variable varying seasonally above and
below the average condition within the same outbreak
location. Non-systematic discrepancies between the
locally standardised modelled and the actual seasonal
variation in climatic conditions added to the total noise
presence in the data (random error). This noise was
reflected in the confidence intervals of our estimates.
Discrepancies that led to systematic bias might have
some degree of influence on our main conclusion. Here
we provide two examples of systematic discrepancies
and their potential effects on our main conclusion.

Scenario 1

If the modelled seasonal variation in climate was con-
sistently lagged behind or consistently phased ahead of
the actual variation at a high number of outbreak loca-
tions, our analyses were vulnerable to systemic bias
(e.g. humidity always peaked earlier at the predictor
stations compared with the outbreak locations where
climate data are interpolated). This type of systematic
asynchrony influenced the best-fitting lag period of
the model (maximum of three months allowed) and our
main results may or may not be affected depending on
the length of lag time between the modelled and actual
climate variation.

Scenario 2

If the modelled climate data consistently inflated or
consistently deflated the amplitude of seasonal varia-
tion in climatic conditions at many outbreak locations,
our analyses were vulnerable to systemic bias (e.g. the
locally standardised modelled data always showed
larger peaks and/or troughs compared with the actual
time series). Consistent deflation would have led to
overestimation of the magnitude of odds ratios of
zoonotic introduction associated with the standard
deviation from mean climate conditions. Conversely,
consistent inflation would have led to underestimation.
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On 11 October 2014, the first European guidelines on
syndromic surveillance in human and animal health,
the ‘Triple-S guidelines for designing and implement-
ing a syndromic surveillance system’, were published
[1].The guidelines are one of the main outcomes of the
European Union (EU) —funded project ‘Triple-S’, which
main aim has been to increase the European capac-
ity for near-real time surveillance and monitoring of
health-related events in the animal and the human
health sectors.

The Triple-S guidelines provide evidence-based recom-
mendations and suggestions for each step of the set-
up, use and assessment of a syndromic surveillance
system. They aim to encourage a common understand-
ing of the structure and utility of systems, and improve
communication among European countries on critical
public health threats. The guidelines are designed to
be usefulin the context of the wide range of health sys-
tems and data sources found in European countries,
and their main principles can be applied globally. The
guidelines are intended for public health profession-
als and epidemiologists working in human or animal
health surveillance who would like to use syndromic
surveillance to support existing surveillance systems
and public health monitoring.

Triple-S was a project co-financed by the EU through
the Executive Agency for Health and Consumers. It
started in September 2010 and formally ended in
December 2013, and was coordinated by the French
Institute for Public Health Surveillance (InVS) in Paris.
It involved twenty four organisations from thirteen
European countries. As an outcome of the first meet-
ing, held in November 2010, an updated definition of
‘syndromic surveillance’ was published in 2011 [2].

All publications originating from the Triple-S project,
including the guidelines and reports on conducted
inventories and site visits, can be found on the Triple-S
web site (www.syndromicsurveillance.eu).
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