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Tularaemia, though rare, has recently been increas-
ingly reported in Germany. Most cases are indigenous 
infections. This report describes two epidemiologi-
cally independent infections with Francisella tula-
rensis subspecies holarctica detected in Berlin in 
February 2011 that were acquired in central Anatolia, 
Turkey. In Turkey, there have been repeated tularaemia 
outbreaks since 2000 and the disease should there-
fore be considered as a differential diagnosis in travel-
lers returning from that country.

Case description and clinical diagnosis 
In March 2011, two travellers returning from Turkey, 
both in their twenties, were diagnosed with Francisella 
tularensis in Berlin, Germany. Both had independ-
ently stayed in Turkey between end 2010 and early 
2011 to visit their respective families in Yozgat, central 
Anatolia, 218 km east of Ankara in the Ak mountains. 
The population of Yozgat in 2008 was 71,768, the prov-
ince counted 492,127 inhabitants [1].

Both patients had similar general symptoms including 
fever, pharyngitis, otitis and cervical lymphadenopa-
thy, but showed different locations of the ulcerations 
specific for tularaemia. Both infections were character-
ised by slow and subacute clinical progression. Patient 
1 stayed in Turkey between 25 July 2010 and 29 January 
2011. Onset of symptoms was on 15 December 2010. 
Patient 2 had been in Turkey from 24 December 2010 to 
8 January 2011 and fell ill on 10 January 2011. 

The patients were diagnosed in mid-February 2011, 
after their return to Berlin. Patient 1 was diagnosed 
with oropharyngeal tularaemia, Patient 2 with the 
ulceroglandular form. The latter form is the most com-
mon expression of tularaemia. Typical symptoms are 
ulcerations next to the inoculation site linked with 
regional, often purulent inflammation of the lymph 
nodes. In advanced stages with extended lymphadeni-
tis colli and suppurative ulcerations of multiple lymph 

nodes, the definite identification of the primary inocu-
lation site is difficult to achieve. The exact description 
of primary clinical symptoms, however, is very impor-
tant to elucidate the transmission routes and further 
epidemiological links [2,3].

Further interviews with Patient 2 revealed additional 
epidemiological information: the patient and one of his 
siblings both fell ill on 10 January 2011, and a further 
sibling two days later. However, these two patients 
remained in Turkey.

Laboratory confirmation
The detection of the pathogen by bacterial culture is dif-
ficult, special media are needed and growth is generally 
slow. More sensitive laboratory methods like PCR are 
only available in a small number of specialised labora-
tories [2,3]. Laboratory confirmation for the two cases 
was available on 4 March. The German national refer-
ence laboratory for tularaemia in Munich could detect F. 
tularensis subspecies holarctica (Jellison type B) via PCR 
in both cases. Specific DNA sequences were detected in 
the purulent puncture material of affected lymph nodes. 

A serological diagnosis done previously in the hospital 
in Berlin for Patient 2 had shown IgG and IgM antibod-
ies against F. tularensis lipopolysacharides. The infec-
tion in Patient 1 was not proved serologically in the 
hospital, but could be confirmed through specific anti-
bodies in the national reference laboratory.

Public health implications
After the diagnoses were confirmed, information was 
immediately reported according to the World Health 
Organization’s WHO International Health Regulations 
(IHR) to the Robert Koch-Institute (RKI). At that time, no 
recent data were accessible about the tularaemia situa-
tion in Turkey. Data about tularaemia infections related 
to recent travel to Turkey or to neighbouring countries 
were not found.
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Turkish citizens are one of the larger populations with 
migration background in Germany. At the end of 2010 
nearly 2% of the German population were Turkish 
(1,629,480 inhabitants) [4]. In Berlin at the end of 2009, 
3% of the population were Turkish citizens (108,000 
inhabitants) [5]. In addition, an unknown number of 
German citizens of Turkish origin still have intensive 
contacts with their families in Turkey and frequently 
travel there. 

Therefore, the health authorities in all 16 German fed-
eral states were informed on 8 March during the weekly 
epidemiological telephone conference (EpiLag), since 
more imported infections in international travellers 
could not be excluded. To get further data about the 
situation in Turkey, but also to alert other countries, 
the RKI informed the Turkish IHR focal point and the 
WHO Regional Office for Europe about the infections. 
Furthermore, information was sent to the Early Warning 
and Response System (EWRS) of the European Union. 
On the national level the decision was made to involve 
the German National Centre for Biological Security at 
the RKI because the pathogen F. tularensis is classified 
as a potential biological risk agent. Overall, the risk of 
further transmission and the threat to public health in 
Germany was estimated as low.

Epidemiological considerations 
In the past years tularaemia outbreaks in Europe were 
documented in Norway [6,7], Sweden [8], Spain [9] and 
the UN Administered Province of Kosovo in accordance 
with Security Council Resolution 1244 of 1999 [10]. 
Parts of Turkey have been strongly affected by the re-
emergence of tularaemia and a number of outbreaks 
have been published since 2000 [11-16]. In Germany, 
tularaemia cases are rare, however, increasing num-
bers have been reported since 2007. Some travel-asso-
ciated tularaemia cases have been reported in Germany 
(10 of 74 cases between 2001 and 2009), but only one 
case dating back to 2003 originated from Turkey [17,18]. 

The tularaemia cases reported in Germany since 2001 
and the countries where the infections were acquired 
are shown in the Figure.

Through information exchange via the national 
German and Turkish IHR Focal Points with the General 
Directorate of Primary Health Care in the Turkish 
Ministry of Health, further details were provided about 
the current situation in Turkey and possible sources 
of infection (personal communication: Dr. Tamer Sami 
Pelitli, 18 March 2011). More than a hundred tularae-
mia cases were reported to the national reference 
laboratories from central parts of Turkey, especially 
in the Yozgat province in 2010. The cases had been 
confirmed serologically and through PCR in two refer-
ence laboratories in Ankara and Bursa, Turkey. Based 
on this information the Ministry of Health of Turkey 
has implemented an action plan to fight the spread of 
tularaemia in 2010. This action plan is focussed on the 
rehabilitation of water systems. As a promising result 
the number of reported tularaemia cases decreased 
in 2011 compared with the previous years. After being 
informed by the German IHR Focal Point about the two 
cases in Berlin, the Turkish Ministry of Health started 
active surveillance work in the Yozgat province, but has 
not yet detected new transmission risks for tularaemia.

In both cases from Berlin the source of infection could 
not be identified conclusively. However, based on the 
available epidemiological information, the most prob-
able cause of the two infections is consumption of con-
taminated water during the stay in a region of Turkey 
endemic for tularaemia. Transmission has often been 
associated with decentralised drinking water supply 
like cisterns and insufficiently treated surface water 
[15]. The clinical presentation at least in one of the 
patients diagnosed in Berlin supports this suggestion. 
Oropharyngeal tularaemia is presumably related to 
oral ingestion of the pathogen.

Figure 
Human tularaemia cases reported in Germany, by country of infection 2001–2011 (n=111)

Data recorded on 3 May 2011 [17,18] according to the national Protection Against Infection Act (Infektionsschutzgesetz, IfSG).
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Clinical considerations
Due to the relatively unspecific general symptoms 
of tularaemia and the variety of the primary disease 
patterns (depending on the route of infection) clinical 
diagnosis is not easy. Therefore, early suspicion of 
tularaemia depends on a precise medical history and 
epidemiological data regarding in particular travel his-
tory, animal contacts, occupation, and insect bites. The 
diagnosis should subsequently be confirmed through 
sensitive biomolecular methods like PCR with direct 
identification in blood, lymph node punctuates or 
wound swabs, and specific serological tests, both of 
which are available in specified laboratories. 

Early diagnosis allows immediate therapy with effec-
tive antibiotics like doxycycline or fluoroquinolo-
nes, which can be combined with aminoglycosides in 
severe cases. Drugs used empirically in many cases of 
lymphadenitis of uncertain origin are cephalosporins, 
amoxicilline/clavulanate, and macrolides which, how-
ever, are not effective against tularaemia. Sometimes 
even surgical interventions to eliminate a suspected 
tumour are performed during infection with F. tularen-
sis. In these cases, tularaemia is frequently diagnosed 
only retrospectively by histo-pathological examination 
and/or by detection of F. tularensis-specific antibodies.

Clinical physicians should currently be aware of possi-
ble infections with F. tularensis in travellers from some 
regions of Turkey. In case of clinical signs suggestive 
of tularaemia, effective diagnostic methods should not 
be delayed, since diagnostic delay can easily result in 
extended suffering of the patient. Besides addressing 
the public health aspects of the disease, epidemiology 
plays a major role in supporting the early and effective 
clinical diagnosis and treatment of tularaemia.
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A West Nile virus (WNV) lineage 2 strain was molecu-
larly identified and characterised in a Eurasian magpie 
hunted in Greece in 2010, during a WNV outbreak in 
humans. Phylogenetic analysis revealed the highest 
sequence similarity (>99%) with other WNV lineage 
2 strains derived from birds of prey in Austria and 
Hungary (2004–2009). This first molecular detection 
of WNV in sedentary wild birds in Greece, which are 
possible reservoirs of the virus, is a public health 
concern. 

Introduction
West Nile virus (WNV) is a mosquito-transmissible 
Flavivirus with zoonotic potential. The virus has been 
present in Europe for decades; however, only recently 
were strains of lineage 2 (L2) identified outside of 
Africa: in 2004 and 2005 in goshawks in Hungary, in 
2007 in Volgograd, Russia, and in 2008 and 2009 in 
goshawks and a falcon in Austria [1-3]. From early July 
through October 2010, 261 laboratory-confirmed cases 
of WNV infection in humans were reported in northern 
Greece as part of an outbreak. Of these, 191 patients 
presented with neuro-invasive symptoms, and 34 
deaths were reported [4]. Most cases were observed 
in central Macedonia, in areas located between four 
major rivers (Axios, Loudias, Aliakmon and Gallikos) 
which converge into a common delta, a well-known 
resting and breeding ground for migratory birds. 

Methods and results
The objective of our study was to detect possible infec-
tion of wild birds with WNV during the outbreak in 
Greece, and to molecularly characterise and define the 
WNV strain geographical origin in positive samples.

Our first focus was on members of the Corvidae fam-
ily. Many corvid species are sedentary and territorial, 
having a wide daily dispersal range of up to 20 km, 
social, roosting in large colonies and abundant in both 

wetlands and urban areas [5]. Hence, introduction 
of the virus in an area (i.e. via migratory birds) may 
result in its transmission, circulation and maintenance 
in local corvid populations. Samples from hunter-
harvested corvids (Eurasian magpies and carrion 
crows, hunted species according to Greek law) were 
collected during the hunting season (from 20 August 
until 28 February the following year) of 2009/10 and of 
2010/11. Sampling was carried out in the municipali-
ties of Thermi and Axios (prefecture of Thessaloniki, 
central Macedonia, Greece) by members of the Hunting 
Federation of Macedonia and Thrace, locating corvid 
roosting sites in nearby wetlands. Hunters were briefed 
on signs of encephalitis in birds, and were instructed 
to report any such observations. No findings of birds 
with signs of encephalitis or dead birds were reported 
from any of the hunters.

Of 96 corvids collected, 36 were tested, including 28 
Eurasian magpies (Pica pica) and eight carrion crows 
(Corvus corone). A pool of selected tissues (kidney, 
heart, liver) was created from each bird. RNA was 
extracted from each pool, which constituted a single 
sample, using the PureLink RNA Mini Kit (Invitrogen). 
An -RT-PCR specific for Japanese encephalitis virus 
complex was performed for all extracts resulting in a 
1,084-bp amplification product covering part of the 
nonstructural protein 5 (NS5) gene, as described ear-
lier [6]. A band of expected size was obtained from one 
PCR product derived from a magpie harvested near the 
village of Trilofos (40°28’25.57”N, 22°58’28.62”E) in 
September 2010 (Figure 1). A serum sample from the 
magpie in question was tested for the presence of WNV 
IgG antibodies by indirect immunofluorescence test 
using a commercial kit (EUROIMMUN) [7]; the serum 
sample was positive at a dilution of 1/30.  

The positive PCR product was purified using the 
PureLink PCR Purification Kit (Invitrogen) and was 
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bidirectionally sequenced using the fluorescent 
BigDye Terminator Cycle sequencing kit v3.1 (Applied 
Biosystems), followed by fragment separation with a 
3,730xl DNA Analyzer (Applied Biosystems). 

Phylogenetic analysis was conducted using MEGA 3.1 
[9]. Nucleotide sequences from other WNV strains 
were retrieved from Genbank (NCBI). Phylogenetic 
analysis of 797 nucleotide-long partial NS5 sequences 
was performed. A neighbour-joining phylogenetic tree 
using Kimura-2 parameter distance matrix was inferred 
from 26 WNV strain sequences (including that derived 
from the magpie in our study) and two sequences of 
the Japanese Encephalitis virus complex as outgroups 
(Figure 2). Node support was assessed with 1,000 
bootstrap pseudo-replicates.

The WNV sequence derived from the Greek magpie 
clustered with WNV L2 strain sequences and pre-
sented highest (99.9%) sequence similarity to L2 
strain sequences derived from birds of prey in Austria 
obtained in 2008 and 2009 [2]. A 99.6% similarity 
was also observed with the corresponding region of 
an L2 strain derived from a dead goshawk in Hungary 
in 2004 [1]. No amino acid changes were observed in 
the genomic region of the magpie derived WNV strain 
compared to Austrian and Hungarian strains. According 
to our analysis, all these strains as well as two strains 
from South Africa belong to the same sub-cluster. A 
lower sequence similarity (96.8%) was observed with a 
WNV L2 strain isolated during an outbreak in Russia in 
2007. The Russian strain sequence groups with other 
African strains (including other South African strains) in 

Figure 1 
Bird sampling area for West Nile Virus, Central Macedonia, Northern Greece, 2009–2011 

WNV: West Nile Virus.
The study area corresponds to the areas where most human cases occurred during the WNV outbreak.
Black square boxes indicate where WNV was detected in mosquitoes [8]. 
A and B indicate areas, where tested corvids were harvested. 
The black circle indicates where the WNV-positive Eurasian magpie was hunted. 
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a separate sub-cluster, suggesting a different reintro-
duction of WNV L2 in Europe [3]. The sequence from the 
Greek magpie isolate was deposited in GenBank under 
accession no. JF719073.

Discussion
From early July through October 2010, a WNV outbreak 
in humans occurred in northern Greece, as confirmed 
by serologic evidence. To date, no WNV genomic 
sequences are available from the human cases during 
this outbreak. A WNV strain sequence derived from a 
magpie hunted during the outbreak of the human dis-
ease was found in this study. The sequence has high-
est sequence similarity to L2 strain sequences from 
birds of prey in Austria obtained in 2008 and 2009. 
WNV RNA fragments, though limited in size, (146 nt 
NS5 genomic region) with 100% sequence similar-
ity to Hungarian and Austrian L2 strains, were also 
detected in two pools of mosquitoes caught during the 
time of the Greek outbreak and in the same area [8]. 
The mosquito WNV sequence was not included in our 
analysis because it did not overlap with the magpie 
WNV sequence. However, the similarity of both to the 
Austrian L2 strain sequences suggests that the same 
WNV strain is implicated in the magpie and mosquito 
infections and associated with the human outbreak. 
The evidence may implicate this corvid species in 

local virus maintenance and generates concerns about 
possible overwintering and expansion of the virus in 
neighbouring areas. To test this hypothesis, research 
must be extended in non-epidemic periods, by per-
forming molecular and serologic surveillance in wild 
birds and focusing efforts on the isolation of infectious 
WNV from avian samples.

Phylogenetic analysis of our strain revealed a high 
sequence similarity with Austrian and Hungarian WNV 
strains detected in previous years in birds of prey 
(2004–2009). According to these findings, it can be 
hypothesised that the virus expanded from northern 
Europe southwards. The area of the recent outbreak is 
a well-known resting and breeding ground for migra-
tory birds passing on the way from nesting grounds 
in Europe to wintering areas in Africa. Re-introduction 
of the virus in the future by birds migrating along the 
south-eastern migration route that leads from Europe 
and western Asia to Africa should also be considered 
possible and needs further investigation.
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Figure 2 
Phylogenetic tree of West Nile Virus strains based on nt sequences of the NS5 genomic region

The sequence from the present study is shown in bold.
The sequences used to derive the phylogenetic tree were 797 nt long.
GenBank accession numbers and geographic origins of strains are shown. 
Bootstrap values (in per cent) are represented at each tree node.
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At the Swedish Institute for Communicable Disease 
Control, statistical models based on queries submitted 
to a Swedish medical website are used as a comple-
ment to the regular influenza surveillance. The models 
have previously been shown to perform well for sea-
sonal influenza. The purpose of the present study was 
to evaluate the performance of the statistical models 
in the context of the influenza A(H1N1)2009 pandemic, 
a period when many factors, for example the media, 
could have influenced people’s search behaviour on 
the Internet and consequently the performance of 
the models. Our evaluation indicates consistent good 
reliability for the statistical models also during the 
pandemic. When compared to Google Flu Trends for 
Sweden, they were at least equivalent in terms of esti-
mating the influenza activity, and even seemed to be 
more precise in estimating the peak incidence of the 
influenza pandemic. 

Introduction 
For this paper, we evaluated the performance of statis-
tical estimates of influenza impact based on queries 
made on a national medical website. The statistical 
models were trained on data collected during almost 
four influenza seasons and were applied to web query 
data collected during the influenza A(H1N1) pandemic 
period, since April 2009. Our evaluation concerned 
both the estimates produced by the web query-based 
system and their usefulness. 

Monitoring of an influenza pandemic relies on a 
number of surveillance sources. Traditionally, the two 
main variables collected are the number of laboratory-
confirmed cases and the percentage of patients with 
influenza-like illness among total visits to appointed 
sentinel general practitioners. These are two stand-
ardised influenza surveillance measures recommended 
by the World Health Organization and the European 
Centre for Disease Prevention and Control [1,2]. In 
addition, other sources are used, both formal and 
informal. In recent years, surveillance based on search 
behaviour on the Internet has appeared as a potential 

complement to the traditional sources [3-10]. As the 
conclusions drawn about the spread and the impact 
of a pandemic influenza will (or at least should) affect 
policy makers, it is crucial to evaluate the performance 
of such additional surveillance methods.

We have previously described a syndromic surveil-
lance system [7] for seasonal influenza which is built 
on anonymous queries submitted to the search engine 
of a Swedish medical website: http://www.vardguiden.
se. The Vårdguiden website had about 1.2 million visits 
in January 2010, of which approximately 800,000 were 
unique. The site is operated by Stockholm county coun-
cil and around half of the visitors in 2010 originated 
from the Stockholm region [11] which covers about 
one fifth of the 9.3 million inhabitants in Sweden. The 
number of Internet users in Sweden is high: 88% of 
the population aged 16 to 74 years used the Internet 
on at least a weekly basis in 2010 [12]. During the first 
quarter of 2009, 36% of the users in Sweden looked for 
health-related information on the Internet [13].

Our statistical models estimate the influenza burden 
in Sweden [14] and are trained to approximate the 
number of laboratory-confirmed cases of influenza 
and the proportion of patients with influenza-like ill-
ness reported by sentinel general practitioners. These 
estimates are based solely on the number of queries 
about influenza and influenza symptoms (in total 
20 types of queries [7]) submitted to the Vårdguiden 
search engine. The statistical method behind the mod-
els has been described in Hulth et al. [7]. The system, 
which generates a final output in the form of graphs, is 
fully automatic, including daily transfer of query logs 
from the medical website to the Swedish Institute for 
Communicable Disease Control (SMI), statistical calcu-
lations, and weekly emails presenting the output of the 
models that are sent to those in charge of the influenza 
surveillance at the institute. The email contains two 
graphs showing the estimated number of laboratory-
confirmed cases and the percentage of patients with 
influenza-like illness from week 16 in 2009 up to the 
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week before the email is sent. An example of what data 
are contained in the output for the sentinel model is 
shown in Figure 1. Panel A shows the estimates for the 
percentage of patients with influenza-like illness calcu-
lated from the web queries. Panel B shows the number 
of media articles in Sweden on influenza, aggregated 
by week. Because of a reporting delay in the sentinel 
data, the automatic email can as soon as a week has 
ended give an estimate of what the traditional system 
will show only several days later. 
 
In addition to the automatic emails, the graphs are 
published every week (starting week 36 in 2009) on a 
publicly available web page [15]. The graphs were also 
discussed, together with information from a number 
of other sources, at weekly influenza meetings held at 
SMI during the most intense phase of pandemic sur-
veillance in 2009/10. By comparing and contrasting 
the results from the different systems, the epidemiolo-
gists got a more complete picture of the spread and the 
extent of influenza activity in the population.

We have previously shown that the statistical models 
are able to estimate seasonal influenza [7,16]. The pur-
pose of the presented study was to evaluate the per-
formance of the statistical models in the context of the 

influenza A(H1N1)2009 pandemic. This was a period 
during which many factors – for example the media – 
could have influenced people’s Internet search behav-
iour and consequently the models’ performance.

Methods
In order to evaluate the performance of the web query-
based influenza surveillance system, we performed one 
qualitative evaluation and two quantitative analyses. 
The qualitative evaluation consisted of a structured 
interview with key persons who received the output of 
the statistical models for use as one source of infor-
mation on the spread of the influenza pandemic in the 
country. In the quantitative evaluation, we focused on 
the performance of the sentinel model, as the tradi-
tional laboratory reporting indicated exceptionally high 
influenza levels, far higher than any of the other sur-
veillance systems and did probably not correctly reflect 
the influenza impact in Sweden [17]. Here we compared 
the output from the web query model to the reference 
data produced by the traditional surveillance, focusing 
on the potential advantage of the model output with 
respect to reporting delays in the sentinel data. In a 
second analysis, we compared our estimates to those 
made by Google Flu Trends for Sweden [18]. 

Evaluating the usefulness of the output
An email was sent to five persons at SMI who were 
deeply involved in the surveillance and the analysis of 
the spread and the impact of the influenza A(H1N1)2009 
virus on the national level. The email contained five 
questions on the usefulness of the web query-based 
influenza surveillance, concerning the information con-
veyed in the graphs as well as the means through which 
it was distributed. We also asked the users to suggest 
improvements that could be made to the system. We 
obtained replies to this email from four persons. 

Reporting delays
The sentinel reporting system suffers from reporting 
delays, since it relies heavily on manual reporting. The 
reporting delay for the sentinel data for seasonal influ-
enza is up to three weeks during the influenza season, 
and can be up to five weeks in the beginning of a sea-
son [19].

Our statistical model was trained on historical data 
(week 27 in 2005 to week 15 in 2009) that were back-
populated and thus included late reports. As the data 
in the traditional influenza surveillance are aggregated 
by week, we chose the same aggregation level for the 
model based on web queries. The evaluation period 
covered 44 weeks, from week 16 (13 April) in 2009 to 
week 6 (14 February) in 2010. 

Two quantities were calculated for the statistical model 
versus sentinel data as reported for a given week (here 
called ‘incomplete sentinel’) as well as versus the final 
sentinel values, including late reports, five weeks later 
(here called ‘complete sentinel’). These quantities 
were:

Figure 1 
Week-by-week web query-based estimates of the 
percentage of patients with influenza-like illness among 
all patients seen, Sweden, week 16, 2009–week 19, 2010

ILI: influenza-like illness.
As three web query logs were missing from week 53 in 2009, the 
entire week was removed.

0

0.2

0.4

0.6

0.8

1.0

1.2

1.4

1.6

May Aug Nov Feb May

Pe
rc

en
ta

ge
 o

f p
at

ie
nt

s 
w

ith
 IL

I p
er

 w
ee

k

Date 2009/10

Predicted from Internet queries
Traditional surveillance (sentinel data)

0
50

100
150
200
250
300
350

May Aug Nov Feb May

Nu
m

be
r o

f a
rti

cl
es

Date 2009/10

Media

A

B



11www.eurosurveillance.org

1. the root mean squared error of prediction (RMSEP). 
This is one of the standard measures in model evalua-
tion [20], calculated by

2. the mean absolute deviation (MAD). This value is cal-
culated by

The advantage of the latter measure is that it is slightly 
more intuitive than RMSEP, since it tells us how far off 
the predictions were on average.

We also calculated the R-squared measure, as well as 
the correlation coefficient.

Comparison with Google Flu Trends
Google Flu Trends was launched for Sweden in October 
2009 [18]. In this analysis, we compared the estimates 
done by Google Flu Trends, which were based on que-
ries submitted from Sweden to the general-purpose 
search engine Google, to those made by our system 
based on queries submitted to the national Vårdguiden 
web site. More specifically, since Google Flu Trends 
was developed on sentinel data, we used the web 
query-based sentinel data for the comparison. Both 
sources aggregate data by week, although Google Flu 
Trends starts the week with a Sunday, whereas our sta-
tistical model starts the week with a Monday.

Results

Usefulness
According to the users of the output produced by the 
web query-based system, the largest contribution of 
the graphs was as an additional source and a comple-
ment to the traditional surveillance. It was stated that 
one surveillance system is not enough for getting a 
true picture, and the more sources point in the same 
direction, the more reliable is the interpretation of the 

influenza surveillance data. The automatic dispatch 
was much appreciated and the emails, sent three and 
a half days before the time when the traditional sur-
veillance was compiled, was valuable as an early sig-
nal of what to expect from the traditional surveillance, 
although it was the trend rather than the height of the 
curve that was deemed more important. 

As part of the graphs produced by the web query-based 
system, the crude numbers of articles on influenza 
in online media (obtained from http://www.eniro.se/
nyhetssok/) were plotted. The users appreciated that 
some indication of the media activity was shown in 
the graphs. It was, however, evident from the answers 
that we obtained that some of the users believed that 
this information was corrected for in the statistical 
estimates. 

Two improvements were suggested to the models: that 
they should be corrected for the impact of media reports 
on search behaviour; and that they should be divided 
into the various regions of the country. This latter wish 
is, however, impossible to fulfil with this particular 
data source, as no geographical information is stored 
in the anonymous query logs. One user requested a 
better explanation of the model’s statistics.

Summary evaluation statistics
In Table 1 we summarise the comparison of our model 
and Google Flu Trends with the actual sentinel reports. 
The Swedish sentinel model based on web queries 
predicted the sentinel numbers better when delayed 
reporting was taken into account, no matter what 
performance indicator was used. This makes sense 
because we trained the models on complete sentinel 
data. In other words we have, by training the models on 
data including late reports, obtained a system which 
better mimics the values we will get after a while, once 
the data have been back-populated. 

The MAD value of 0.15 can be compared with the change 
from 1.11 percentage points to 1.36 percentage points 
between week 45 and 46 in 2009 [21,22], during the 
height of the pandemic. Thus, the average deviation 
paralleled the weekly change during the most intense 
pandemic period.

Table 1 
Evaluation statistics for models predicting influenza burden based on Internet queries, Sweden, 2009/10

Data Root mean square error of 
prediction (percentage points)

Mean average deviation 
(percentage points)

Coefficient of determination 
R-squared Correlation

Vårdguiden model vs incomplete sentinel 0.21 0.15 0.68 0.88
Vårdguiden model vs complete sentinel 0.17 0.12 0.75 0.90
Google Flu Trends vs incomplete sentinel 
(both normalised) NA NA NA 0.85

Google Flu Trends vs complete sentinel 
(both normalised) NA NA NA 0.87

NA: not available.
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Although the difference is small, the correlation coef-
ficient indicates that our model performed better than 
Google Flu Trends for Sweden, with a correlation coeffi-
cient of 0.90 versus 0.87. Since Google Flu Trends only 
provides relative intensity indicators and not absolute 
estimates of reported influenza, R-squared, RMSEP 
and MAD could not be calculated for their data.

In-depth comparison with Google 
Flu Trends for Sweden 
Figure 2 shows reported sentinel data (incomplete and 
complete), our web query-based estimations for senti-
nel data, and Google Flu Trends for Sweden from week 
16 in 2009 to week 6 in 2010. When comparing the out-
put of the sentinel model to the traditional surveillance 
that the model is supposed to mimic (Figures 1 and 2), 
we can see that the shape of the curves is very similar. 
The Google data, which are based on more data than 
the Vårdguiden data, form a smoother curve compared 
with the output from our statistical model. It underes-
timates, however, the height of the peak in November 
2009. 

Comparison with other published results 
The performance of the web query-based sentinel 
model during the pandemic season in terms of corre-
lation estimates was in line with the performances of 
various other reported attempts of web-based influ-
enza surveillance (Table 2). The correlation values that 
have been published are in the region of 0.72-0.94, 
with one bottom outlier at 0.55 using blog posts [10], 
and Google’s exceptional outlier at 0.96 [6]. The latter 
is especially surprising given that this value was for 
correlation with validation data. We found two publi-
cations that reported R-square estimates: Eysenbach 
reported an R-squared value of 0.83 [4], and Polgreen 
et al. reported an R-squared value of 0.38 [5], but it 
has to be noted that these were the values obtained 
when comparing the model to the data used for the 
fitting process. The R-squared value in our sentinel 
model denotes the performance relative to previously 
unknown data, during an exceptional influenza sea-
son. In light of this, the estimate of 0.75 is high.

Discussion
Overall, the performance of the statistical models 
based on queries submitted to the Swedish Vårdguiden 
web site exceeded our expectations during the pan-
demic, especially because the models were trained 
on seasonal influenza. The curve produced by the web 
query-based sentinel model was very similar to the one 
obtained from the traditional surveillance the model is 
supposed to mimic.

We have shown that an independently developed and 
controlled system such as ours can be comparable in 
reliability to Google Flu Trends, a model that is trained 
on much larger data volumes. One downside is that 
our model has a higher variance, which becomes mani-
fest in numerous small fluctuations of the model esti-
mates in Figure 2, trend shifts that are not reflected 
in the reported sentinel data. Such false signals can 
be a cause for concern if the model is to be used to 
guide public health action, and means in practice that 
observed trend shifts cannot be trusted unless sus-
tained for two weeks or more. 

While others have indicated that the under-estimation 
of the influenza peak in Sweden of Google Flu Trends 
could be due to a limitation in the Swedish sentinel 
system [23], the fact that our model (in addition to 
other surveillance methods) shows the same pattern 
as the sentinel reports [17], rather indicates that it is 
Google Flu Trends that is lacking in the quantitative 
estimation.

The quantitative evaluation statistics also indicate 
good reliability. It is debatable, however, whether 
they are suitable for evaluating surveillance systems 
for communicable diseases. Such measurements tend 
to investigate the performance in estimating absolute 
levels of activity, and give equal weight to the entire 
period of investigation, including periods of low activ-
ity. In future work, it might be more important to look 

Figure 2 
Incomplete and complete sentinel data, output from the 
statistical model based on Vårdguiden data, and Google 
Flu Trends for Sweden, week 16, 2009–week 6, 2010

ILI: influenza-like illness.
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at how a surveillance system captures the dynamics of 
the disease, such as rapid increases in activity levels 
or the timing of peaks.

We have also described the results of a qualitative 
evaluation in which we interviewed four colleagues 
who were receiving the output from the statistical mod-
els. In summary, it was valuable for those working with 
the surveillance to have an additional source of infor-
mation, as this increased their confidence in their esti-
mates and predictions of the spread and the impact of 
the influenza A(H1N1)2009 virus. 

One unknown factor here is the media impact on search 
behaviour. The interviewees explicitly asked for media 
activity to be incorporated in the statistical model. 
Such a model should intuitively perform better than 
a model without this information. We have performed 
some early experiments on including media activity in 
our web query-based statistical models. However, we 
have not yet found a satisfactory model to correct for 
the assumed impact of media reporting on peoples’ 
search behaviour. 

Conclusions
In this paper, we have described an evaluation of a 
syndromic surveillance system based on queries sub-
mitted to the search engine on a Swedish medical web-
site and regularly used during the pandemic influenza 
period. From our experience, we can say that there 
are a number of advantages of using web queries as a 
source for surveillance during a pandemic:

•	The	system	is	fully	automatic;	
•	The	 estimates	 are	 produced	 earlier	 than	 the	 tradi-

tional sources that it is supposed to mimic; 

•	They	do	not	require	people	to	see	a	doctor;	
•	There	is	no	reporting	delay	in	the	system;	
•	The	system	is	cheap	to	maintain;	
•	A	system	based	on	web	queries	can	easily	be	adapted	

to different symptoms or diagnoses. 

In addition, the presented analyses demonstrated that 
the system is reliable, stable and performs well when 
compared with conventional surveillance systems. 
When comparing the output from our sentinel model 
to Google Flu Trends for Sweden, we can conclude that 
although our models had been trained on a substan-
tially smaller set of data, they were at least equivalent 
to Google Flu Trends in terms of performance, and in 
terms of peak estimation even seemed to be more 
precise.

No current method can, however, give us the true 
spread and impact of an infectious disease in soci-
ety. Until such a method is invented, the best we can 
do is to use multiple sources for surveillance, be it 
an influenza pandemic or another infectious disease. 
Syndromic surveillance based on web search behav-
iour clearly has a role to play as such a source.

Acknowledgments 
Thanks to Vårdguiden for granting access to the query logs 
and to Euroling for implementing parts of the automatic 
transfer. Thanks also to the colleagues at SMI involved in the 
web query-based influenza pandemic surveillance: Birgitta 
Brink, Mia Brytting, Annika Linde, and Moa Rehn. We would 
also like to thank Sharon Kühlmann-Berenzon and the anon-
ymous reviewers for valuable comments on the draft version. 
Anette Hulth was financed by The Swedish Civil Contingencies 
Agency.

Table 2 
Reported performances of different web-based influenza surveillance systems

Input data Reported value Measure Influenza measure Reference Comment
Health information web 
access logs 0.78, 0.76 Correlation (two 

different periods)
Sentinel reports, 
United States [3] Values were obtained from  

calibration data
Regression model using 
clicks on a sponsored 
Google Adsense keyword 

0.83
0.90

R-squared
correlation

Laboratory reported 
cases, Canada 

[4], Figure 2, 
Table 1

Values were obtained from 
calibration data

Clicks on a sponsored 
Google Adsense keyword 0.81 Correlation Sentinel reports, 

Canada [4], Table 1 Value was obtained from 
calibration data

Regression model using 
web queries 0.38 R-squared Sentinel reports, 

United States [5]
Value was obtained from 
calibration data (average R-squared 
for nine different regions)

Regression model using 
web queries 0.85 Correlation Sentinel reports, 

United States [6], Figure 2 Value was obtained from 
calibration data

Regression model  using 
web queries 0.96 Correlation Sentinel reports, 

United States [6], Figure 2 Value was obtained from validation 
data

Blog posts 0.55 Correlation Sentinel reports, 
United States [10] Value was obtained from 

calibration data

Google FluTrends 0.94 (Germany)
0.72 (Poland) Correlation

Acute respiratory 
infection (Germany),
Influenza-like illness 
(Poland)

[23]
Values were obtained from 
validation data (highest and lowest 
values of all evaluated countries)
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In 2004, the German public health institute, the Robert 
Koch Institute (RKI), prioritised pathogens by public 
health criteria and presented the methodology and 
findings. In order to further improve the methodology, 
the RKI invited experts to give feedback on this via a 
structured web-based questionnaire. The survey was 
completed by 72 participants during 15 July 2008 to 15 
January 2009. Prioritisation of pathogens was consid-
ered as useful for public health purposes by 68 partic-
ipants and for both surveillance and epidemiological 
research by 64 participants. Additional pathogens 
were suggested, including some that are resistant to 
antimicrobials. The criteria incidence, severity, out-
break potential, emerging potential and preventability 
were each considered as useful or very useful for the 
prioritisation (by more than 65 participants for each 
criterion). Weighting of the criteria was judged as rel-
evant or very relevant by 67 of participants, but needs 
more explanation. It was also suggested that the 
group carrying out the prioritisation be composed of 
a median of 15 experts (range: 5–1,000). The feedback 
obtained in the survey has been taken into account in 
the modification of the methodology for the next round 
of prioritisation, which started in December 2010.

Background 
Strengthening communicable disease surveillance and 
response at national level requires a substantial and 
long-term commitment of human, financial and mate-
rial resources. The usefulness of prioritisation as part 
of this process, irrespective of the methodology used, 
has been demonstrated by several research groups 
[1-7]. This investment begins ideally with a system-
atic review of the national priorities for surveillance 
[8,9]. In 2004, the Department for Infectious Disease 
Epidemiology of the Robert Koch Institute (RKI), the 
German national public health institute in the portfo-
lio of the federal Ministry of Health, initiated an exer-
cise on prioritising various pathogens to guide the 
research and surveillance strategies of the depart-
ment. After a literature review, we developed a meth-
odology, including a scoring system for 12 criteria for 

selected pathogens. For each criterion, a three-tiered 
score (–1, 0 and +1) was used. Independently, each cri-
terion was weighted: a group of experts ranked the 12 
criteria in terms of perceived importance. A mean value 
was calculated for each criterion (its weight), by which 
the score of the criteria was to be multiplied. The total 
weighted scores led to a ranked list of 85 pathogens. 
Initial findings were presented at three international 
scientific conferences in 2006 and 2007 [10-12] and 
were covered in a national non-scientific magazine [13]: 
this generated public interest and feedback from scien-
tists and patient advocacy groups. 

A review of previous prioritisations strategies used by 
others and details of the methodological approach we 
used (Figure) were subsequently published in 2008 
[14-16]. A review and possible revision of our approach 
is part of the methodology. This current process is 
described in this paper.

To refine the prioritisation methodology further, 
develop it into a standard tool and ensure that it is 
fully understandable, an open call was issued, inviting 
respondents to complete an online structured ques-
tionnaire on the prioritisation methodology and rele-
vance of the prioritisation tool. In addition, we targeted 
representatives of the scientific community as well as 
health policy stakeholders.

This paper presents the findings of the survey and dis-
cusses their potential implications for the planned mod-
ification of the methodology of prioritising pathogens.

Survey approach
When we published extensive descriptions of the pri-
oritisation methodology [14-16], we invited readers 
to give feedback and comments through an online 
questionnaire. Additionally, we contacted by email 
all German regional epidemiologists (n=60), all mem-
bers and alternates of the scientific Advisory Forum 
(n=64) of the European Centre for Disease Prevention 
and Control (ECDC), all heads of the German national 
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reference laboratories (n=66) and all members of the 
Committee for Epidemiology of Infections (n=12) and 
four relevant German epidemiological societies and 
associations, asking them to take part in the online 
survey. 

The online survey contained the list of the 85 selected 
pathogens and the 12 criteria used in the prioritisation, 
with questions on the usefulness and appropriateness 
of these criteria. In order to compare the participants’ 
feedback on the criteria, we gave a numerical value to 
each possible answer and calculated the mean value for 
each criterion. To assess the usefulness of the criteria, 
the possible answers were: very useful (with a value of 
3), useful (value of 2) and dispensable (value of 1). 

The survey contained additional questions on the 
number and profession of experts that participants 
considered should take part in a prioritisation process 
and also questions about the participants themselves. 

The questionnaire was internally pretested and then 
posted in both English and German on the RKI home 
page from 15 July 2008 to 15 January 2009. The data 
were analysed using Epi Info software. 

Survey findings

Participants
In total, 72 participants completed the survey. Most 
(n=35) found out about the it from the national epide-
miological bulletin, 18 received the email request sent 

by the RKI, 11 read about it in Eurosurveillance [15] and 
eight found it coincidentally on the Internet. 

Of the 72 experts, 54 were working in Germany, nine 
in other European Union (EU) countries and six in non-
EU countries. For three respondents, no information on 
the country in which they worked was available. 

The participants had a variety of professions and insti-
tutional affiliations, with the majority being medical 
doctors by training (Table 1).

Almost all participants (n=68) provided information on 
the length of their work experience: the median dura-
tion was 18 years (range: 3–40 years).

Feedback and comments
Prioritising pathogens was considered useful for pub-
lic health purposes by 68 participants, for both sur-
veillance and epidemiological research by 64, and for 
clinical research by 57. Most respondents considered 
prioritisation to be beneficial for public health serv-
ices, at the national (n=58) and international (n=49) 
level. Additionally, 33 participants believed that the 
prioritisation will also be useful for regional public 
health services, universities and ministries of health, 
to guide surveillance and research agendas. A total of 
29 participants considered that it would be beneficial 
to local public health services.

Most participants (n=40) considered that the list of 85 
pathogens [15] was comprehensive and appropriate, 

Figure
Prioritisation workflow, Robert Koch Institute, 2008–10
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while16 proposed changes to the list; 16 answered that 
they did not know. The following additional pathogens 
and topics were suggested: 

•	 all	Brucella spp. 
•	 all	Campylobacter spp. 
•	 Clostridium difficile 
•	 Corynebacterium ulcerans and Cornybacterium 
 pseudotuberculosis 
•	 coxsackieviruses	
•	 echoviruses	
•	 enteroviruses	
•	 fungi:	
•	 Candida spp. 
•	 Cryptococcus spp. 
•	 Aspergillus spp. 
•	 Fusarium spp. 

•	 human	herpesvirus	(HHV)-6	and	HHV-8	
•	 poxviruses	
•	 Pseudomonas ssp. 
•	 Rickettsia spp. 
•	 respiratory	syncytial	virus	
•	 Staphylococcus epidermidis 
•	 vectors.	

Seven participants suggested including pathogens 
resistant to antimicrobials as a separate group (e.g. 
bacteria producing extended-spectrum beta-lacta-
mase, vancomycin-resistant enterococci and oxacillin-
resistant S. aureus). 

Prioritisation criteria 
Definitions of the scores for each criterion are described 
elsewhere [15]. Table 2 describes the respondents’ rat-
ing of the usefulness of the prioritisation criteria, by 
their profession or institutional affiliation.

Incidence 
Incidence was judged by 68 participants as a very use-
ful or useful criterion for prioritisation. The comments 
received mainly reflected the difficulty in getting 
adequate data on incidence, especially for diseases 
that are not notifiable. One suggestion was to include 
‘unknown’ in the highest score of the criterion, to indi-
cate that the level of attention should be high if infor-
mation is lacking. 

Severity 
This criterion was considered to be useful or very useful 
by 68 participants. Comments referred to the difficulty 
of incorporating different issues such as hospitalisa-
tion, work-time lost due to sick leave and persisting 
disabilities into one single criterion. Furthermore, the 
issue was raised of how work-time lost due to sick leave 
can be judged if children, unemployed and retired peo-
ple are concerned. It was also suggested that cost of 
medical care be included as an additional aspect.

Mortality 
A total of 62 participants thought this a useful or very 
useful criterion. One respondent suggested that life-
years lost be used instead of mortality for diseases 
that affect children more than adults. The scarcity of 
reliable data sources to score this criterion was a con-
cern expressed by three of the participants. 

As replacing the mortality criterion with case fatality 
rate had already been suggested in the prioritisation 
process in 2004 – as mortality is influenced by inci-
dence (a separate criterion) – we asked in our survey 
whether case fatality rate should be used instead. A 
total of 33 participants recommended the replacement, 
17 preferred mortality, while nine could not see a differ-
ence and 13 did not have an opinion. Five participants 
were in favour of including both criteria.

Outbreak potential 
This criterion was considered by 69 participants as 
useful or very useful. Two participants suggested using 
the basic reproductive rate (R0) of a pathogen, rather 
than the frequency of outbreaks, to judge outbreak 
potential. A fixed threshold of five or more cases per 
outbreak for all pathogens was questioned by three 
participants. 

Trend 
A total of 57 participants considered this as a useful or 
very useful criterion. However, for 12 respondents the 
definitions used for each score were not clear enough. 
They suggested that a timescale for the trend should 
be determined. Questions were also raised on how to 
score diseases with unclear trends.

Table 1
Employment information and education level of 
prioritisation survey participants, Robert Koch Institute, 
15 July 2008 to 15 January 2009 (n=72)

Employment information and education level Number of 
respondents 

Profession or institutional affiliation
Local public health service 11
National public health service 10 
Regional public health service 8 
Infectious disease research facility 8
Microbiologist 6
Hospital epidemiologist or hygiene specialist 5

Clinician 5

Nurse 4
Other 15
Education levela

Degree in medicine 45
Doctoral degree (other than in medicine) 13
Degree in teaching 9
Degree in nursing 4
Masters degree in public health 4

a More than one answer allowed.
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Emerging potential 
This criterion was judged by 65 of the participants as 
useful or very useful. Five considered that endemicity 
and a low probability of the disease being introduced 
should not be included in the same score. Additionally, 
inclusion of the emergence of pathogen strains resist-
ant to antimicrobials as a separate aspect of the defi-
nition of the highest score was proposed. It was also 
suggested that this criterion should be combined with 
the trend criterion.

Evidence for risk factors/groups 
A total of 62 respondents judged this criterion as use-
ful or very useful. A clear definition of the kind and 
quality of ‘scientific evidence’ was requested by some 
participants. It was also suggested that this criterion 
be combined with the evidence for pathogenesis crite-
rion, to cover transmission routes and pathogenesis. 

Two respondents questioned whether existing sci-
entific evidence should be part of the prioritisation 
approach, as it leads to conflation of the relevance of 
a disease for public health and knowledge of the dis-
ease. These two aspects are important, but should be 
judged independently.

Validity of epidemiologic information 
This criterion was judged by 62 participants as useful 
or very useful. Here the definition of the score 0 (‘epi-
demiologic information exists but is scientifically not 
very valid’) was considered imprecise. The applicability 
of this criterion and the lack of reliable data that are 
needed to score it were raised as concerns.

International duties and public attention 
A total of 52 participants thought this a useful or 
very useful criterion. However, the definitions were 
not clear and as several aspects are included in each 
definition, some participants indicated that it is prob-
lematic to assign a single score in situations when sep-
arate aspects should be scored differently. They also 
thought it hard for the scoring to take into account rap-
idly occurring changes in public or political attention.

Evidence for pathogenesis 
This criterion was considered by 57 of the participants 
as useful or very useful. The problem of assessing 
different aspects of the criterion using a single score 
was raised again. Combination of this criterion with 
the evidence on risk factors/groups criterion was 
suggested.

Preventability 
In total, 67 respondents judged this as a very useful or 
useful criterion. The task of scoring the availability of 
prevention measures and need for further research in 
a single criterion was criticised. It was also suggested 
that availability of an effective vaccine be included as 
a separate criterion. 

Treatability 
This criterion was deemed by 61 respondents as useful 
or very useful. The distinction between the definitions 
of the three scores was not clear to some participants 
and might need clarification. The issue of incorporat-
ing drug resistance into the prioritisation was raised 
again. One participant suggested merging preventabil-
ity, treatability and severity into a single criterion. 

Suggestions for additional criteria
Participants suggested that the prioritisation tool 
include assessment of the economic impact of a dis-
ease or its control measures, the concept of life-years 
saved or lost, emergence of antimicrobial resistance 
and monitoring of vaccination effects, for example, on 
incidence or pathogenicity.

Scoring system
A total of 54 participants found the three-tiered scoring 
system to be adequate; six would have preferred a two-
tiered and four a five-tiered system. Five suggested 
introducing a more continuous scoring (e.g. from low 
to high, on a scale from 1 to 10), whenever possible.

Weighting process
The weighting process was judged by 49 participants 
as very relevant and by 18 as relevant. Two thought 
it irrelevant and three did not know. The weighting 
method was considered plausible but initially difficult 
to understand by 31 participants, 19 understood the 
weighting method immediately and for 13 it remained 
unclear. Some respondents supported the separation 
of the weighting from the actual prioritisation. 

One participant pointed out that basing the numerical 
value of the weighting on the ranking of the criteria 
may result in bias, as it assumes that the difference 
in importance between each criterion in the ranked 
list is always equal. We therefore suggest that values 
between 1 and 10 be used instead for the weighting, 
without any ranking. 

The need for a better description of the weighting proc-
ess was highlighted by two participants.

Size and composition of an expert 
group for prioritisation
The participants proposed that the median size of an 
expert group needed to conduct the prioritisation exer-
cise of surveillance and research activities of a national 
public health agency was 15 (range: 5–1,000). They 
suggested that experts representing the following pro-
fessions or institutions should take part in future exer-
cise rounds: national public health service (suggested 
by 65 participants), university faculty of infectious dis-
eases (by 59), microbiologist (by 57), hospital epidemi-
ologist or hygienist (by 51), international public health 
organisations (by 48), regional public health service 
(by 47), hospital physician (by 45) and local public 
health service (by 37). Two respondents suggested that 
health economists be involved.
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Conclusions
Setting priorities in research can serve as a catalyst 
for public debate and create networks of stakehold-
ers [4,17]. The opinion of the user of the prioritisa-
tion is very important, as exchanging experiences and 
discussing the topics with the various stakeholders 
is highly relevant [3,18]. Indeed, Lomas et al. stated, 
when describing prioritisation efforts, ’The process is 
more important than the science’ [19]. Our survey was 
one step in involving various stakeholders and proved 
very useful in helping to develop our prioritisation 
methodology further, even if the set up of the survey 
was neither able nor intended to be representative. As 
the survey was announced in an open call and as some 
email requests were sent to generic email addresses, 
we have no information about the denominator and are 
therefore unable to calculate the response rate. Given 
the survey design, it is also impossible to tell whether 
the opinions of those who responded were representa-
tive. It is possible that those who chose to take part 
in the survey were those who were relatively positive 
about the prioritisation process. However, even if that 
were the case, they provided constructive criticism 
and comments, which have helped us to improve our 
methodology. 

Overall, the participants commented positively on 
the prioritisation methodology: although there was 
variation between the responses of participants with 
different professions and institutional affiliations, 
the proposed criteria were mostly considered useful. 
However, it became clear that the definitions of some 
criteria were unclear for scoring purposes. We will 
therefore try to clarify the problematic definitions.

Which pathogens should be included?
The suggested list of 85 pathogens was seen as fairly 
comprehensive by most participants. However, given 
the recommendations, we realised that some addi-
tional pathogens could be included in future, as their 
importance has changed since the list was drawn up 
in 2004.

How should the prioritisation take into account 
antimicrobial resistance and emerging diseases?
Interestingly, antimicrobial resistance was mentioned 
at various points in the survey as an essential issue 
that should be addressed. We believe it can be suffi-
ciently accounted for if it is an integral part of the crite-
rion of treatability and we therefore propose that it be 
included in its definition.

Participants also questioned how an endemic disease 
could be scored in the same way as a disease that is 
unlikely to emerge. We believe this to be justified, as 
an endemic disease has generally already led to an 
established infrastructure for prevention, surveillance, 
diagnosis and treatment. Similarly, diseases that are 
not endemic and are very unlikely to emerge in a coun-
try in near future should probably not be considered 
a priority when resources are limited. A disease with 

potential to emerge generates new challenges and 
thus deserves special attention, at least for prevention 
and surveillance. 

How should disease severity be assessed?
One of the issues raised in various ways throughout 
the survey was the challenge of adequately accounting 
for the severity of an illness resulting from an infec-
tious disease. Participants suggested that the pri-
oritisation should take into account other aspects of 
disease severity, such as the economic impact of an ill-
ness, life-years lost, the effect of work-time lost due to 
sick leave if children, unemployed and retired people 
are concerned, and the cost of care. However, including 
the requirement for such detailed information might 
increase the problem of lack of relevant data, result-
ing in difficulty in scoring this criterion, as discussed 
above. Our original approach intentionally attempted 
to keep the score definitions within each criterion as 
simple as possible. We will, however, take those issues 
into consideration when redefining these definitions. 

Detailed instructions concerning the process of 
assigning a single score to a multicategory crite-
rion will be developed and provided during the next 
prioritisation. 

How should the prioritisation take 
into account variability of incidence 
trends and outbreak potential?
Some participants drew attention to the fact that a 
time frame would be needed for the scoring of some 
criteria (e.g. trend or emerging potential). We consider 
that it would depend on how frequent the prioritisation 
exercise is planned to be repeated and what its main 
objective is. For example, a disease with a highly vari-
able incidence from one year to another should prob-
ably have a high score for outbreak potential, while 
the scoring for incidence should probably be based 
on some sort of average yearly figure for the previous 
five or 10 years. Furthermore, if recent observations 
indicate that despite observed fluctuations yearly inci-
dence tends to increase, it should be appropriately 
accounted for in the trend criterion. 

The fixed threshold of five cases or more per outbreak 
for all pathogens was questioned by some partici-
pants. The underlying rational for the threshold was 
that in Germany, only a few households have five or 
more members, suggesting that most outbreaks of less 
than five cases are likely to be limited to one house-
hold. Such outbreaks have fewer implications for pub-
lic health services, as opposed to larger outbreaks. 
Obviously this distinction may be more appropriate for 
common gastrointestinal pathogens, which are respon-
sible for the vast majority of all outbreaks. However, 
for practical reasons we decided to use this threshold 
for all diseases.
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How should criteria be weighted? 
To take into account the fact that not all criteria are simi-
larly important for prioritisation, we included a weighting 
of the criteria, which is independent of the prioritisation. 
The survey participants commented in general that the 
weighting of the criteria is relevant, but that it needs to 
be explained more clearly. Given these comments, we 
will also consider using a discrete scale for the weight-
ing, rather than basing the weighting on ranking.

How can the prioritisation process 
deal with lack of reliable data?
The lack of reliable data – data that are needed to 
score the criteria for each pathogen – was a con-
cern expressed at various points during the survey. 
It was suggested that the evidence level be specified 
for each score. We fear, however, that the complex-
ity and effort required would not be in proportion to 
the expected improvement. Besides, the prioritisa-
tion process was designed to use a Delphi approach 
[20,21], using opinions of senior experts in the field 
rather than a meta-analysis. The current prioritisation 
process already assesses the strength of evidence 
and information available. However, the scores of 
those criteria are simply included in the overall sum 
for each pathogen. One possible amendment of the 
existing methodology would be separate computation 
of ‘knowledge’ criteria, such as evidence or validity, 
and ‘relevance’ criteria, such as incidence, severity or 
treatability. 

A standardised tool for prioritising pathogens will obvi-
ously never be completely perfect and will also never 
please every stakeholder [22,23]. However, it helps to 
improve strategic research planning [5]. We have used 
the findings of this survey to pragmatically improve 
the prioritisation methodology, including clarification 
of the approach, as transparency and understanding 
are essential components of any prioritisation process. 
The next round of the prioritisation exercise, which 
started in December 2010, and which follows the same 
workflow as shown in the Figure is still ongoing: the 
revised methodology and the results will be published 
once the prioritisation is completed. 

The reason for involving multiple stakeholders in the 
improvement process was to ensure a certain level of 
acceptance and agreement on the pathogen prioritisa-
tion list – this list will be a final product of the exercise 
and will inevitably be a sensitive issue that generates 
debate. In addition, any part of the findings and meth-
odology may be used by other institutions to conduct 
their own prioritisation of activities.
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