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Dengue virus infection was diagnosed in six Israeli 
travellers returning from the Seychelles in April 2017. 
Phylogenetic analysis identified identical sequences 
belonging to the Cosmopolitan genotype of dengue 
virus type 2 in all samples sequenced, thus providing 
evidence for a probable dengue type 2 outbreak in the 
Seychelles. This report further demonstrates the role 
of travellers as sentinels for arboviral infections, espe-
cially in countries with limited diagnostic capabilities.

Because of the high number of mosquito species and 
especially the abundance of Aedes albopictus mos-
quitoes [1], the Seychelles remain under the threat of 
outbreaks, particularly arboviruses [2]. However, only 
limited data are available on the types and molecular 
characteristics of arboviruses circulating in the region. 
In this report we investigated an outbreak of dengue 
virus (DENV) infection in six Israeli travellers return-
ing from the Seychelles, a popular tourist destination 
located in the Indian ocean east of the East African 
coast with a population of roughly 90,000 inhabitants. 

Dengue diagnosis in Israeli travellers
Nine Israeli citizens who had travelled to the Seychelles 
islands reported a febrile illness which started 1–2 days 
after returning to Israel. They were part of a group of 32 
travellers visiting a different island every day between 
13 and 22 April 2017. The islands visited, in consecutive 
order, were: Mahe, Curieuse, Aride, Praslin, La Digue 
and Moyenne. 

In six of the febrile travellers, dengue fever was con-
firmed, in four of them by both quantitative (q) RT-PCR 
[3] or PCR [4] and DENV IgM and IgG antibody capture 
ELISA (Panbio, Brisbane, Australia), in one only by 
qRT-PCR, and in one only by positive dengue virus NS1 

antigen (Panbio, Brisbane, Australia) and IgM and IgG 
serology (Table). Since DENV RNA in serum can only be 
detected for a short time after symptom onset [5-8], 
DENV RNA in urine and whole blood was tested for sam-
ples obtained more than 10 days post symptom onset 
(Table). qRT-PCR of DENV-1–4 [3] or PCR [4] demon-
strated that all five PCR-positve cases had DENV type 
2. The remaining three febrile patients did not present 
to our clinics and therefore were not tested for dengue. 

Three additional members of this group of travel-
lers suffered from upper respiratory symptoms (one 
of them was only febrile). They were examined in our 
clinic, tested for DENV infection (by qRT-PCR, NS1 and 
serology) and found to be negative. We were not able 
to test the remaining asymptomatic travellers. 

Genetic relationship
From the four RNA samples positive for DENV in qRT-
PCR, 2,450 nt spanning the capsid, pre-membrane 
(prM), membrane (M) and envelope (E) genes were 
amplified [4]. The raw sequence data were analysed and 
trimmed to generate a 1,429-nt consensus sequence 
of the E gene, using Sequencher 5.4 (GeneCodes, Ann 
Arbor, Michigan), and the DENV E gene sequences 
were aligned with 23 DENV type 2 E gene sequences 
obtained from the GenBank database. The accession 
numbers for reference sequences are specified in the 
Figure. Phylogenetic analysis was conducted using a 
neighbour-joining algorithm in MEGA, version 6 [9], 
with 1,000 replicates for bootstrap testing. A neigh-
bour-joining phylogenetic tree based on the aligned 
sequence data showed that all four DENV 2 sequences 
from Israeli travellers were identical and clustered with 
the Cosmopolitan genotype. Most importantly, strains 
belonging to lineage I of the Cosmopolitan genotype 
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from China, India and Singapore were found to cluster 
with the strains of the present study (Figure).

Discussion
DENV is currently a leading cause of illness and death 
in the tropics and subtropics with as many as 400 mil-
lion people infected yearly [10]. However, because it 
occurs in many areas with limited diagnostic resources 
and co-circulates with other arboviruses with similar 
clinical manifestations, travellers are often the most 
sensitive sentinels for arboviral outbreaks. Here we 
report a dengue outbreak in the Seychelles that was 
revealed by six Israeli travellers diagnosed with acute 
DENV infection, demonstrating the power of such pas-
sive arbovirus surveillance. 

Mahe is the largest and most populated island where 
most of the previous outbreaks in the Seychelles have 
been reported [11]. Assuming that DENV exposure 
happened there would result in an incubation time of 
10–12 days, which is longer than what is usual for den-
gue (4–7 days) [12]. Therefore, and because all trav-
ellers had disease onset almost on the same day, a 
simultaneous exposure on one of the other islands is 
more plausible. The immediate result of this study was 
an alert through ProMED [13] assuming that this would 
also alert the Seychelles public health authorities of 
the possibility of an outbreak on one of the smaller 
islands.

Figure 
Phylogenetic analysis of the envelope gene sequence of DENV type 2 from Israeli travellers, Seychelles, April 2017 (n = 4)
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The analysis was conducted on a nucleotide sequence of the genes encoding the E protein (1,429 bp), using the neighbour-joining method 
implemented in MEGA 6.0 software. The robustness of branching pattern was tested by 1,000 bootstrap replications. The percentage of 
successful bootstrap replicates is indicated at nodes, showing only values of > 70%. The bar denotes 0.02 nucleotide substitutions per site. 
DENV strains sequenced in this study are marked by black diamonds. Reference strains are indicated by accession number and place and year 
of isolation. The DENV type 2 strain isolated in 1977 in the Seychelles is underlined.



4 www.eurosurveillance.org

Although DENV RNA was identified in five patients, NS1 
antigen was not detected. This is not surprising, since 
all NS1-negative samples had been obtained more than 
12 days after symptom onset and it has been demon-
strated previously that samples from dengue patients 
do not test positive for NS1 later than 12 days post 
symptom onset [14]. While detection of DENV RNA in 
serum is also limited to a short time (< 1 week) after 
symptom onset, RNA in urine and whole blood can be 
detected for a longer period, similarly to other flavivi-
ruses such as West Nile and Zika virus [5-8]. Indeed, in 
our patients, urine and whole blood samples obtained 
more than 14 days post symptom onset were positive 
for DENV RNA.

During the past 5 years, two outbreaks of dengue or 
dengue-like symptoms have been documented in the 
Seychelles and both DENV types 1 and 2 have been 
identified [11]. However, DENV was isolated only once 
in 1977 (GenBank accession number: L10048) and 
found to be type 2 [15]. Phylogenetic analysis per-
formed in 1999 identified that this 1977 DENV strain 
was most similar to dengue 2 strains isolated in Delhi, 
India in 1996 [16]. Our data demonstrate that the 1977 
isolate similarly to the 2017 isolates, belonged to the 
Cosmopolitan genotype. It is tempting to speculate 
that the Cosmopolitan genotype has continued to cir-
culate in the Seychelles from the 1970s until now. 
However, because the phylogeny differed consider-
ably between the current and former DENV-2 strains 
from the Seychelles and similar cosmopolitan strains 
were identified in China in 2013 and 2015 and in India 
in 2011–12, we hypothesise that the DENV responsible 
for the current outbreak was imported from a country 
endemic for Cosmopolitan DENV-2.

Conclusion
This study identified a DENV outbreak in the 
Seychelles. The diagnosis of six individuals with DENV 
infection among 32 Israeli travellers suggests that 
there is considerable circulation of DENV in mosqui-
toes in the Seychelles. Future monitoring of DENV cir-
culation in mosquitoes in this area should reveal the 

extent of penetration of DENV and other arboviruses 
in the Seychelles and will contribute considerably to 
the epidemiological characterisation of these zoonotic 
viruses.
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In Europe, enterovirus A71 (EV-A71) has primarily been 
associated with sporadic cases of neurological dis-
ease. The recent emergence of new genotypes and 
larger outbreaks with severely ill patients demon-
strates a potential for the spread of new, highly patho-
genic EV-A71 strains. Detection and characterisation 
of these new emerging EV variants is challenging as 
standard EV assays may not be adequate, necessitat-
ing the use of whole genome analysis.

Enterovirus A71 (EV-A71) has been detected in Denmark 
in relatively low numbers since 2001. Of the different 
genotypes of EV-A71, only B5, C1, C2, and C4 have 
been identified [1,2]. All genotypes have been either 
associated with neurological symptoms, or milder 
hand, foot, and mouth disease (HFMD) in Denmark. 
EV-A71 subtype C4a, commonly circulating in Asia, has 
been identified as the cause of extensive outbreaks of 
HFMD with neurological complications and fatalities 
[3,4]. During a pilot project validating next generation 
sequencing (NGS) technology for full genome typing of 
EVs at the National World Health Organization (WHO) 
Reference Laboratory for Poliovirus at Statens Serum 
Institut (SSI), a novel EV-A71 variant was identified. This 
variant was shown to be genetically closely related to 
a recently published novel EV-A71 genotype C1 recom-
binant variant identified in Germany [5,6]. Re-analysis 
of sequence data and full genome re-sequencing of 
selected samples from the Danish EV surveillance 
database revealed additional viruses phylogenetically 
closely related to this new variant.

Laboratory analyses
Samples included in the analysis were collected 
through the Danish EV surveillance system [7]. They 
were genotyped using VP2 and/or VP1 PCR assays 

[8,9] and sequenced as described previously [2]. All 
20 EV-A71 cases from 2016, as well as additional 12 
historical cases previously subtyped as C1 were ana-
lysed. NGS was carried out directly on clinical sample 
material, as described previously [10], for a subset of 
samples (n = 10) and one sample was characterised 
from cultured material obtained as part of another 
study. The Illumina MiSeq platform was used to gen-
erate the sequencing data that were analysed using 
the CLC genomics workbench. Consensus sequences 
were exported as fasta files, and aligned with all avail-
able full-length EV-A71 genomes downloaded from the 
National Center for Biotechnology Information (NCBI) 
GenBank using SSE v1.3[11]. Phylogenetic analysis was 
carried out using MEGA 6 [12], maximum likelihood 
with a general time reversible model, gamma distribu-
tion and invariable sites, and 1,000 bootstrap replica-
tions. Bootscanning analysis was also carried out using 
SimPlot v3.5.1 [13]. Sequences have been submitted to 
GenBank, accession numbers pending.

Enterovirus A71 genotype C cases 
2001–2016
The most common sample material available for the 32 
EV-71 RNA-positive patients was stool (n = 22) followed 
by vesicular fluid (n = 6). Other sample materials were 
urine, cerebrospinal fluid (CSF), respiratory secretion 
and biopsy. (Table 1).

Patient ages ranged from 7 days to 36 years with a 
median of 3 months and inter-quartile ranges of 2 and 
12 months, respectively, and 11 of 32 patients were 
females. Clinical information was available for 23 of 
32 cases, collected as part of the enhanced EV sur-
veillance system in place [7]. Six cases had HFMD, 11 
had gastrointestinal symptoms, 14 had fever, five had 
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Figure 1
Phylogenetic analysis of enterovirus A71 genotype C cases, Denmark, 2001–2016
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central nervous system involvement (Guillain–Barré 
syndrome, meningitis, encephalitis), and there was 
one death. The death and one of the sepsis cases were 
associated with a bacterial co-infection (Clostridium 
difficile and group B Streptococcus, respectively). 
Hospital admission data was available for 13 cases, 
and the hospitalisation ranged from less than one day 
to 10 days (average 3.6 days, SD 2.8).

Phylogenetic analysis
Phylogenetic analysis of partial VP2/VP4 and /or VP1 
sequence data showed that 17 samples could be char-
acterised as belonging to EV-A71 genotype C1 and 13 
samples were closer to a new variant recently identi-
fied in our laboratory. Moreover, one EV-A71 genotype 
C2 and one C4 were identified (Figure 1). NGS data was 
obtained for a total of 11 strains, nine were found to 
belong to the new genotype, and two were C1 (Figure 
2).

In the VP1 and near-full genome phylogenetic analyses, 
the new variant forms a clade separately from other C1 
viruses. The new recombinant strain was identified in 
a sample dating back to 2007. In the WGS three clades 
were seen: (i) one containing Danish strains from 2007 
and 2016 as well as strains from Germany, (ii) one with 
single Danish strains from 2014 and 2016, and (iii) one 
with two Danish strains from 2016. There was no dif-
ference between the genotypes regarding the clinical 
symptoms of the cases (Table 1). In the VP2 analysis it 
was not possible to clearly distinguish between C1 and 
the new variant.

Bootscanning analysis showed that Danish new vari-
ants were nearly identical to the German new variants 
over the majority of the genome. However, there was no 
similarity in the 3Dpol region, where both the German 
and the Danish strains differed from all published sub-
types (Figure 3). The German strains appear to have a 

Figure 2
Phylogenetic analysis of near-complete genome sequences, enterovirus A71 genotype C cases, Denmark, 2001–2016
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German new variant strains are identified with a capital N as a prefix, Danish strains are identified by the case ID as described in Table 1 
prefixed by DK. Genotypes C1 and C6 are marked with brackets. Reference sequences for other genotypes are prefixed by the genotype, 
followed by the GenBank accession number.

Phylogenetic analysis was carried out using MEGA 6 [12], maximum likelihood with a general time reversible model, gamma distribution and 
invariable sites, and 1,000 bootstrap replications. The bootstrap support is indicated at nodes. The bar denotes 0.05 nt substitutions per site.
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mosaic genome, more closely related to different geno-
types in different parts of the genome. When analysed 
without comparison to the German strain, the Danish 
variant also showed a similar mosaic genome (Figure 
3). Both strains appear to be closest to C1 in the VP1 
region of the genome.

Discussion and conclusions
This study documents the circulation of new emerging 
EV-A71 genotype C variants associated with neurologic 
symptoms, as well as HFMD, in the Danish popula-
tion. Novel EV-A71 variants were detected with WGS, 
and could be traced back to the first detection in the 

Danish population in 2007. Phylogenetically, a higher 
level of genetic variation was seen among the Danish 
strains as compared with the previously reported 
German EV-A71 C1 variant strains [5,6] suggesting that 
these novel variants have arisen from genetic reassort-
ment of EV-A71 viruses over a prolonged period of time.

Three EV-A71 C variant clades were identified in 
Denmark one of which contains Danish EV-A71 C 
strains from 2007 and 2016 as well as the German 2015 
strains. The phylogenetic analyses in this study show 
that the new variant EV-A71 sub-genotype C viruses 
form a clade separate from the C1 viruses, and the 

Figure 3
Bootscanning and SimPlot analysis of novel enterovirus A71 genotype C cases DK-14–03 (Denmark 2014) and KU641506 
(Germany 2015)
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Table 
Clinical description of enterovirus A71 genotype C cases, Denmark, 2001–2016 (n = 32)

Year of 
detection–
case ID

Age Sample material Sequence typea EV-A71 
genotype Symptoms Hospital 

admission

01–01 1–2 years Unknown VP2 C1 Guillain–Barré syndrome Unknown
07–01 5–10 years Vesicular fluid VP2,WGS C6 Vesicles Unknown
07–02 < 6 months Stool VP1,VP2,WGS C1 Unknown Unknown
07–03 < 6 months Stool VP1,VP2,WGS C6 Unknown Unknown

07–04 1–2 years Stool VP1,VP2,WGS C1 Diarrhoea for 3 weeks after 
travelling Unknown

07–05 < 6 months Stool and urine VP1,VP2 C1 Meningitis, fever, abdominal pain Unknown
10–01 35–40 years Vesicular fluid VP1,VP2 C1 HFMD– rash, vesicles < 1 day

10–02 0–2 months Stool VP2 C1 Sepsis – fever > 38.5, diarrhoea, 
vomiting blood 5 days

10–03 0–2 months Stool and CSF VP1,VP2 C1 Meningitis Unknown
14–01 25–30 years Vesicular fluid VP1,VP2 C1 HFMD – rash, vesicles No

14–02 1–2 years Respiratory 
secretion VP2 C1 Respiratory symptoms Unknown

14–03 < 6 months Unknown VP1,VP2,WGS C6 Fever > 38.5 °C, diarrhoea, vomiting 1 day

16–01 < 6 months Small intestine 
biopsy VP1 C4 Sudden death, also Clostridium 

difficile infection Unknown

16–02 < 6 months Stool VP1,VP2,WGS C6 Fever > 38.5 °C, diarrhoea, rash 1 day
16–03 1–2 years Vesicular fluid VP2,WGS C6 HFMD – rash, vesicles no
16–04 < 6 months Stool VP1,VP2,WGS C6 Fever > 38.5 °C, diarrhoea, rash < 1 day

16–05 6–11 months Stool VP1,VP2,WGS C6 HFMD – fever > 38.5 °C, rash, 
vesicles, vomiting 6 days

16–06 < 6 months Stool VP1,VP2,WGS C new/C6 b HFMD – fever > 38.5 °C, rash, 
vesicles, respiratory symptoms 4 days

16–07 < 6 months Stool VP2 C1

Encephalitis – fever > 38.5 °C, 
abnormal sensitivity to stimuli, 

diarrhoea, rash, respiratory 
symptoms, sepsis-like symptoms

5 days

16–08 4–5 years Stool VP2,WGS C new/C6 b
Meningitis –neck stiffness, 

affected consciousness, fever, 
rash, vomiting

5 days

16–09 < 6 months Stool VP1,VP2 C1 Unknown Unknown
16–10 1–2 years Stool VP1 C1 Unknown Unknown
16–11 1–2 years Stool VP2 C1/C6 c Fever, rash, vesicles, diarrhoea Unknown
16–12 < 6 months Stool VP1 C1 Fever > 38.5 °C, rash 4 days
16–13 < 6 months Stool VP1,VP2 C1 Unknown Unknown

16–14 < 6 months Stool VP2 C1/C6 c Fever > 38.5 °C, group B 
Streptococcus sepsis 10 days

16–15 < 6 months Stool VP2 C1 Fever 7 days
16–16 < 6 months Stool VP1 C6 Fever > 38.5 °C, vomiting, sepsis 4 days
16–17 < 6 months Stool VP2 C1/C6 c Unknown Unknown
16–18 1–2 years Vesicular fluid VP2 C1 Unknown Unknown
16–19 25–30 years Vesicular fluid VP2 C1 Unknown Unknown
16–20 1–2 years Stool VP2 C2 Unknown Unknown

HFMD: hand, foot, and mouth disease.
a VP1: sequence was obtained from VP1 PCR; VP2: sequence was obtained from VP2 PCR; WGS: sequence was obtained from whole genome 

sequencing.
b Grouping with C6 in near-complete genome analysis, but not with C6 or C1 in VP1 analysis. c Grouping with C6 when analysing the VP1 

region, but no complete genome sequence available and therefore not possible to confidently assign as C6.
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authors propose that these new variants are seen as a 
new genotype, C6, rather than a lineage of C1.

Both German and Danish new variants appear to be 
recombinant forms, with 3Dpol regions of separate 
origins. This was previously described for the German 
strains [6]. In fact, both the German and Danish strains 
appear to be mosaic, a result of several recombina-
tion events throughout the genome. The co-circulation 
of multiple genotypes of EV-A71 in one country during 
a single season/year, as demonstrated in this study, 
provides the environment for the appearance of future 
novel recombinant variants.

EV-A71 genotype C4 subtypes associated with more 
severe clinical outcomes than other EV-A71 genotypes 
and subtypes have previously been described [3,4]. 
The new C variant was described as emerging in 2015 
in Germany and associated with rhomboencephalitis/
brainstem encephalitis and severe neurological and 
cardiopulmonary complications [5,6,14]. However, the 
collection of samples for the EV surveillance system, 
as in the case of Denmark and Germany, may introduce 
a bias in this regard. The new EV-A71 genotype C vari-
ant identified in Denmark in 2016, was associated with 
both neurological symptoms and HFMD, illustrating the 
ability of EVs to cause a wide range of symptoms with 
rare cases of severe complications.

New emerging EVs have already demonstrated their 
potential to cause devastating epidemics such as the 
major EV-A71 epidemics in Asia and South Pacific 
Region. There is therefore a need to detect and moni-
tor these viruses closely. In addition to detection and 
reporting of an emerging new EV-A71 recombinant 
virus, a proposed genotype C6, this study demon-
strates important challenges in detection as well as 
characterisation of emerging EV infections. Current 
state-of-the-art EV PCR-based methods continuously 
need to undergo evaluation to ensure that primers for 
diagnostics, as well as typing, maintain the ability to 
detect and fully classify new EV variants beyond the 
(sero)type level. PCR-based typing relies on the ampli-
fication of short genome fragments, and as a conse-
quence may not only result in missed detection of new 
genotypes, but also in misclassification due to a lack of 
appropriate reference sequences. Furthermore, timely 
and public sharing of whole EV genome sequence data 
are essential for detection of new variants.

The possible severity of EV-A71 infections together 
with the continuing evolution and appearance of new 
EV-A71 genotypes, as well as other emerging EV caus-
ing neurological disease, underscores the importance 
and relevance to prioritise strengthening of EV surveil-
lance globally.
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Hepatitis E virus (HEV) is an under-recognised cause 
of acute hepatitis in high-income countries. The pur-
pose of this study was to provide an overview of test-
ing, diagnosis, surveillance activities, and data on 
confirmed cases in the European Union/European 
Economic Area (EU/EEA). A semi-structured survey 
was developed and sent to 31 EU/EEA countries in 
February 2016, 30 responded. Twenty of these coun-
tries reported that they have specific surveillance 
systems for HEV infection. Applied specific case defi-
nition for HEV infection varied widely across coun-
tries. The number of reported cases has increased 
from 514 cases per year in 2005 to 5,617 in 2015, with 
most infections being locally acquired. This increase 
could not be explained by additional countries imple-
menting surveillance for HEV infections over time. 
Hospitalisations increased from less than 100 in 2005 
to more than 1,100 in 2015 and 28 fatal cases were 
reported over the study period. EU/EEA countries are at 
different stages in their surveillance, testing schemes 
and policy response to the emergence of HEV infection 
in humans. The available data demonstrated a Europe-
wide increase in cases. Standardised case definitions 
and testing policies would allow a better understand-
ing of the epidemiology of HEV as an emerging cause 
of liver-related morbidity.

Introduction
Hepatitis E virus (HEV) infection is one of the lead-
ing causes of acute viral hepatitis worldwide with 
four different genotypes (1–4) responsible for most 
human infections. HEV genotype 3 predominates in 
high-income countries, including those in Europe. 
Transmission of this genotype is usually zoonotic and 

has been linked to the consumption of pork products, 
and in some instances, shellfish [1-3]. Infection, which 
is most often asymptomatic, may cause an acute self-
limiting hepatitis, with symptomatic infection more 
commonly reported among men older than 50 years of 
age [4,5]. Reports of chronic infection among immuno-
compromised people or those with pre-existing liver 
disease have been described [4].

There is evidence that HEV is an under-recognised 
pathogen in high-income countries, and that the inci-
dence of confirmed cases has been steadily increas-
ing over the last decade [6-10]. Although population 
studies have shown stable or decreasing seropreva-
lence rates [11,12], some countries have reported a 
consistently high seroprevalence and proportion of 
HEV-RNA-positive blood donors [13-16]. A systematic 
review conducted by the World Health Organization 
(WHO) reported HEV seroprevalence (as denoted by 
presence of IgG antibody) to range from 0.03% to 52% 
among the general population and blood donors in the 
WHO European Region, with the highest prevalence 
reported from studies in blood donors from France and 
the Netherlands [17]. Evidence of current HEV infection 
in up to 77% of patients presenting with symptomatic 
acute hepatitis suggests that the virus could be a con-
siderable cause of liver morbidity in European coun-
tries [17]. However, the use of different serological test 
systems significantly influences the estimates of sero-
prevalence [18].

Europe-wide surveillance is not in place for hepatitis 
E, and the European Centre for Disease Prevention and 
Control (ECDC) has launched a number of activities 
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that aim to better understand the current epidemiol-
ogy, as well as the national monitoring systems for HEV 
infection within European Union/European Economic 
Area (EU/EEA) countries. A recent study involving HEV 
experts from 17 countries documented an increase in 
reported cases in nearly all EU/EEA countries that pro-
vided data, with France, Germany, England and Wales, 
and the Netherlands reporting more hepatitis E than 
hepatitis A notifications. The study also highlighted a 
lack of consistency in the reporting of cases, and wide 
variation in surveillance activity and case definitions 
[7]. The current study builds on this work to conduct 
a wider assessment of testing, diagnosis, surveillance 
activities and confirmed cases of HEV infection in the 
EU/EEA in order to inform the Europe-wide response to 
this emerging infection.

Methods
A semi-structured survey of EU/EEA countries was con-
ducted during 2015/16. The survey was divided into 
four sections (surveillance, testing and diagnosis, data 
on diagnosed cases, and transfusion-associated HEV 
infections) to allow separate country-level respond-
ents for each topic area with a total of 24 open and 
closed questions [19]. A pilot survey was conducted at 

a meeting of the ECDC HEV expert group in December 
2015, and a revised survey was subsequently cir-
culated by email to nominated representatives of 
ECDC’s networks, the National Focal Points for Food- 
and Waterborne Diseases and Zoonoses as well as 
for Microbiology and Surveillance, in February 2016. 
Respondents were given three weeks to complete the 
survey (which could be completed electronically), and 
email and phone reminders were used to follow up with 
those who had not responded.

Returned survey data were manually extracted into 
Excel and double-checked. Any unclear responses 
were checked by email communication with the respec-
tive experts. Analyses were conducted in Excel and 
STATA version 13. The United Kingdom (UK) provided 
three separate responses (from England and Wales, 
Scotland, and Northern Ireland) which were consid-
ered as a single country response for all quantitative 
analyses and listed separately for qualitative analyses. 
A descriptive analysis was performed. The proportion 
of hospitalised cases was calculated using data exclu-
sively from countries reporting hospital data, with the 
number of total cases as denominator. The Eurostat 

Figure 1
Type of applied case definition for confirmed cases of hepatitis E virus infection in 20 European Union/European Economic 
Area (EU/EEA) countries, 2015

Non-visible countries

Luxembourg

Malta

Liechtenstein

Case definition: chronic cases

Case definition: acute cases

No data reported

Symptoms and PCR and/or serology
Symptoms and serology
PCR and/or serology

Serology
No case definition for acute cases

No case definition for chronic cases 

Hepatitis E virus RNA persisting for at least 3 months

PCR: polymerase chain reaction; RNA: ribonucleic acid.

Administrative boundaries from EuroGraphics. Map produced on 8 June 2017.
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Figure 2
Reported number of cases of hepatitis E virus infection by year of notification and year of surveillance commencement, 22 
European Union/European Economic Area (EU/EEA) countries, 2005–2015a
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a Data available for the following countries (year of commencement of HEV surveillance/year since cases reported during study period 2005–
2015): Austria (1980/2012), Belgium (2010/2010), Bulgaria (no surveillance/2015), Croatia (2009/2009), Cyprus (no surveillance/2009), 
Czech Republic (1996/2005), Estonia (1997/2005), Finland (1995/2005), France (2002/2005), Germany (2001/2005), Hungary (1993/2005), 
Italy (2007/2007), Latvia (commencement unknown/2007), the Netherlands (2012/2012), Norway (no surveillance/2005), Poland (no 
surveillance/2014), Portugal (commencement unknown/2014), Slovakia (2007/2005), Slovenia (1995/2005), Spain (commencement 
unknown/2006), Sweden (1993/2005), and UK (England and Wales (2003/2005), Scotland (2000/2005) and Northern Ireland 
(unknown/2005).

Figure 3
Number and proportion of hospitalisations among reported cases of hepatitis E virus infection, 14 European Union/
European Economic Area (EU/EEA) countries, 2005–2015a
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 a Data available for (year of first report): Austria (2012), Belgium (2010), Croatia (2012), Czech Republic (2005), Estonia (2012), Germany 
(2005), Hungary (2005), Italy (2007), Latvia (2007), Poland (2014), Portugal (2015), Slovakia (2005), Slovenia (2005) and the UK (Northern 
Ireland) (2013).

b Proportion of hospitalisations only included denominator data from countries reporting both number of reported cases and number of 
hospitalised cases.
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population database from 2015 was used as source of 
population denominator data [20].

Results
All EU/EEA countries with the exception of Liechtenstein 
responded to the survey, giving a response rate of 30 
out of 31. The data provided from countries that con-
duct surveillance was comprehensive, detailed and of 
high quality.

Hepatitis E surveillance systems
Of 30 responding countries, 20 had specific surveil-
lance systems for HEV infection. The remaining 10 
countries had more generic viral hepatitis syndromic 
surveillance with no plans to develop any specific 
surveillance for HEV infection. Of the 20 EU/EEA coun-
tries with specific systems for HEV infection, 15 had 
national surveillance systems, three had laboratory 
surveillance through national reference laboratories 
with unknown coverage, one had blood service surveil-
lance with unknown coverage, and one had a sentinel 
surveillance system covering approximately half of the 
population.

Thirteen of 20 surveillance systems specific for HEV 
infection had a case definition for confirmed cases. 
There was wide variation in the type of case defini-
tion used: seven used laboratory and clinical defini-
tions, and six used a laboratory definition only (Figure 
1). Most surveillance systems collected demographic 
information as well as the date of notification and 
onset of disease, whereas morbidity and mortality data 
were collected less frequently (Table 1). Two countries’ 

surveillance systems (Ireland and the UK (England and 
Wales)) differentiated between acute and chronic HEV 
infection: acute infection was defined as both HEV-
IgM-positive and IgG-positive, or HEV-RNA-positive, 
and chronic infection was defined as HEV RNA persist-
ing for at least 3 months.

Hepatitis E testing and diagnosis
Twenty-six countries conducted HEV testing in their 
own countries, with two countries sending samples 
abroad for testing and two reporting their testing avail-
ability as unknown. In 12 countries, there were less 
than five laboratories able to conduct diagnostic tests 
for HEV. Laboratories in 20 countries used more than 
one type of test (Table 2). For HEV antibody testing in 
acute cases, IgM ELISA was used in 21 countries and 
IgM Western Blot in 11. Of the 22 countries using any 
IgM antibody test, 20 also used IgG ELISA and nine 
IgG Western Blot for the detection of IgG antibodies. 
Nineteen countries reported that they were able to 
conduct HEV RNA testing; all used serum/plasma and 
12 also used stool specimens. Seventeen countries 
reported that HEV sequencing was conducted for epi-
demiological investigations (15 countries), for research 
purposes (14 countries) or as routine practice (10 coun-
tries). Ten countries provided information on why a lab-
oratory might conduct a test for HEV. Two countries had 
a laboratory policy on testing for HEV: (i) UK (Scotland), 
where some laboratories automatically test for HEV if 
alanine transaminase (ALT) was ≥ 100 U/L, and (ii) 
Ireland, where an HEV test is automatically conducted 
if a test for hepatitis A virus (HAV) is requested. The 
remaining countries reported that HEV testing was con-
ducted only at the request of a clinician.

Confirmed cases of hepatitis E virus infection
Twenty-two countries covering 469 million people (i.e. 
91% of the EU/EEA population of 514 million people) 
provided data on confirmed cases of hepatitis E (Figure 
2). The total number of reported cases increased 
from 514 cases in 2005 to 5,617 cases in 2015, with 
21,018 cases overall during the 11-year period stud-
ied (Figure 2). A total of 93% (19,531/21,018) of cases 
were accounted for by countries that have had hepati-
tis E-specific surveillance since at least 2005, and 80% 
(16,810/21,018) of cases were reported from just three 
countries (Germany, France, and the UK), which com-
prise 41% of the EU/EEA population. In 16 countries 
providing data on the age of reported cases, the overall 
proportion of those aged more than 50 years increased 
from 30–47% during 2005–2008 to 60–61% during 
2013–2015. In 17 countries providing data on the sex of 
reported cases, the proportion of male cases remained 
stable over 2005–2015, ranging from 61% in 2005 and 
2015 to 69% in 2006.

Severity associated with hepatitis E virus 
infection
Data from 14 countries reporting on the total number 
of hospitalisations related to HEV infection showed 
an increase from 85 hospitalised cases in 2005 to 

Figure 4
Reported cases of hepatitis E virus infection by year 
of notification and travel history, 15 European Union/
European Economic Area (EU/EEA) countries, 2005–2015a
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a Data available for: Austria, Croatia, Czech Republic, Estonia, 
France, Hungary, Italy, Latvia, Poland, Portugal, Slovakia, 
Slovenia, Spain, Sweden and the UK (England, Northern Ireland 
and Wales).
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1,115 in 2015 (Figure 3). Most of this increase could be 
accounted for by four of the five countries that have 
conducted reporting on hospitalisation status since 
at least 2005. Over the same time period, the propor-
tion of cases being hospitalised has decreased from 
80% (85/106 cases) to 55% (1,115/2,023 cases). Twelve 
countries provided data on deaths associated with HEV 
infection, with five countries recording these data since 
2005. In total, 28 fatal cases were reported by five 
countries (Austria, Czech Republic, Germany, Hungary 
and Italy), increasing from 0–2 cases per year during 
2005–2011 to 4–8 cases per year during 2012–2015.

Travel history of diagnosed cases
Fifteen countries provided data on travel history. Of 
hepatitis E cases reported in these countries dur-
ing the period 2005–2015, 87% (13,511/15,525) were 
autochthonous (defined as locally acquired within the 
reporting country). The proportion of known autoch-
thonous cases increased from 45–73% per year dur-
ing 2006–2011 to 89–97% per year during 2012–2015. 
This suggests that the considerable increase in con-
firmed cases observed after 2011 (Figures 2 and 4) can 
largely be accounted for by locally acquired infection. A 
very small number of cases per year (9–36 cases) were 
known to be associated with travel outside of the EU/
EEA.

Discussion
This study assessed testing policy and practice, labo-
ratory diagnosis, and surveillance systems and activi-
ties for HEV infection in 31 EU/EEA countries. Thirty 
of the countries responded to the survey, provid-
ing the most comprehensive picture to date of HEV 
as an emerging infection among humans in Europe. 
The 10-fold increase in the number of cases reported 
between 2005 and 2015, more than 21,000 confirmed 
cases overall and a total of 28 deaths, underline the 
relevance and emerging nature of this zoonotic infec-
tion in Europe.

The survey findings demonstrate a varied response to 
hepatitis E across EU/EEA countries; while two thirds 
of countries have established surveillance systems, 
a third of countries have no specific surveillance 
and no plans to develop any. For those with existing 

surveillance, nearly one third do not apply a case defi-
nition for HEV infection nationally. Only 19 countries 
reported that they were able to conduct HEV RNA test-
ing in-country, although there may be testing within 
hospitals or private settings that the national public 
health institutes or survey respondents are unaware of. 
In most countries, it was not possible to ascertain the 
criteria for referral or for HEV test requests. While there 
may be an increasing awareness of locally acquired 
HEV infections, there is still concern that within parts 
of the clinical community, HEV is not considered as 
a possible cause of hepatitis unless there is a recent 
history of travel. It is therefore likely that the infection 
remains under-diagnosed. There also appears to be a 
gap in knowledge around the testing protocols used 
in outpatient and hospital settings within countries, 
which should be investigated further to understand 
when, who, and why patients are tested for HEV.

Twenty-two countries (comprising more than 90% of 
the total EU/EEA population) were able to provide data 
on confirmed cases for at least some of the period 
2005–2015. These data demonstrate that the number 
of reported cases has been increasing year-on-year, 
with a more than threefold increase between 2011 and 
2015. The majority of cases were reported by three 
countries (the UK, France and Germany) that have had 
surveillance systems in place since at least 2005. A 
small number of countries reported changes to surveil-
lance systems during the study period; for example, 
Belgium created a national reference centre for HEV in 
2011 and Portugal commenced web-based notification 
in 2014. However, there were no changes that could 
have contributed substantially to the increase in the 
number of confirmed cases. A greater awareness of 
and increased testing for HEV, particularly of patients 
presenting with acute hepatitis by general practition-
ers in outpatient settings, is likely to be one of the 
contributing factors e.g. through the inclusion of HEV 
in some standard diagnostic protocols. The rise in the 
number of symptomatic cases might also be related to 
the switch in virus subtypes that has been observed in 
some EU/EEA countries [7,21].

The concurrent increase in number of hospitalisations 
(a measure of increased HEV infection severity) and 

Table 1
Variables collected by specific surveillance systems for hepatitis E virus infection in 20 European Union/European 
Economic Area (EU/EEA) countries, 2015

Countries collecting data on hepatitis E cases 
via their surveillance systems Variables

Majority (> 14 countries) Unique patient identifier, date of notification, source of notification, date of birth, sex, date 
of onset of disease

Some (6–14 countries) Date of diagnosis, cluster link, occupation, pregnancy, clinical symptoms, travel, food 
history, contact with animals, hospitalisation, death

Few (< 6 countries) Ethnicity, migration status, alcohol consumption, medication, immunosuppressive 
medication or condition, other medical conditions, past transfusion/transplantation
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gradual decrease in proportion of total cases hospital-
ised between 2005 and 2015 may suggest better out-
patient diagnosis and an increase in the sensitivity of 
the diagnostic system, i.e. a change in testing practice 
from hospitals to community settings. For cases where 
clinical information was recorded, every second case 
was admitted to hospital and there were two to eight 
deaths associated with HEV infection annually during 
2011–2015. These figures appear high for a disease 
that has previously been considered to be a mild self-
limiting infection [22]. However, a testing bias and over-
estimation of the hospitalisation rate can be assumed 
because of a higher likelihood that cases of severe 
liver disease or other comorbidities are tested for HEV. 
Notably, only four countries were able to provide data 
on morbidity status since 2005 and only five were able 
to provide data on case fatality since 2005, although 
nearly half of the EU/EEA countries indicated that they 
are able to collect this information as of 2015. More 
data are needed to address the lack of knowledge in 
this area.

As our results show, the number and proportion of 
autochthonous HEV infections has been increasing 
since 2005. Only a very small number of cases were 
known to be related to travel outside of the EU/EEA. 
Although genotype data were not requested from coun-
tries, it is known that autochthonous cases tend to be 
due to HEV genotype 3, the same genotype present in 
European pigs and consumed pork products; travel-
related cases would be expected to be infected with 
genotype 1 or 4 [2-5]. Lately, there appears to have 
been a change in circulating subtypes in Europe. For 
example, the number of subtype 3c recently exceeded 
the numbers of subtypes 3e, f and g in humans in 
England and Wales [21]. Such changes may be con-
tributing to the emergence of HEV as an important 
infection in humans. Changes in the pattern of food 
preparation and consumption may also be implicated. 
A case–control study in England and Wales identified 
pork sausages and ham purchased in supermarkets as 
possible sources of infection, raising concerns about 
whether current practice in preparing these products 
is sufficient to prevent HEV infection [23]. More stud-
ies among humans, animal populations and on food 
are essential to informing on possible sources of HEV 
infection.

The main limitations of this study are the variation in 
the denominator data for reported cases of hepatitis E 
(most countries were only able to provide a subset of 
demographic information or a limited number of years 
of data) and the merging of data on reported cases of 
hepatitis E despite the different case definitions and 
testing approaches used by EU/EEA countries. These 
limitations have in part been addressed by showing 
data by year of surveillance introduction and by limit-
ing the denominator to cases where the relevant infor-
mation was known. The varying number of countries 
providing data inconsistently over the study period 
prompted us not to perform any trend analysis to avoid 

further introduction of bias. In the future these limita-
tions could be addressed by standardisation of surveil-
lance systems for HEV infection, harmonisation of the 
case definition as well as testing algorithms across EU/
EEA countries. This would enable better assessment of 
the burden of disease due to HEV in Europe and facili-
tate a better understanding of the actual number of per-
formed tests or population coverage as a denominator, 
thus avoiding diagnostic and surveillance artefacts.

In summary, EU/EEA countries are at different stages 
in their surveillance and testing capacity for HEV, and 
there is no standardised European case definition. 
For the time period 2005–2015, at least 22 countries 
were able to report on cases infected with HEV, either 
through formal surveillance or existing systems of 
laboratory notifications. WHO’s global health sector 
strategy on viral hepatitis asks countries to establish 
surveillance for viral hepatitis, particularly in blood 
donors [24]. Our study describes the availability of 
general hepatitis E surveillance in most EU/EEA coun-
tries. These data demonstrate a Europe-wide increase 
in reported cases, as well as a high number of reported 
HEV-related hospitalisations and a total of 28 deaths, 
between 2005 and 2015. They also provide a better 
understanding of the epidemiology and burden of HEV 
as an emerging cause of liver-related morbidity in EU/
EEA countries.
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Geographical mapping of infectious diseases is an 
important tool for detecting and characterising out-
breaks. Two common mapping methods, dot maps 
and incidence maps, have important shortcomings. 
The former does not represent population density and 
can compromise case privacy, and the latter relies on 
pre-defined administrative boundaries. We propose 
a method that overcomes these limitations: dot map 
cartograms. These create a point pattern of cases 
while reshaping spatial units, such that spatial area 
becomes proportional to population size. We com-
pared these dot map cartograms with standard dot 
maps and incidence maps on four criteria, using two 
example datasets. Dot map cartograms were able to 
illustrate both incidence and absolute numbers of 
cases (criterion 1): they revealed potential source 
locations (Q fever, the Netherlands) and clusters with 
high incidence (pertussis, Germany). Unlike incidence 
maps, they were insensitive to choices regarding spa-
tial scale (criterion 2). Dot map cartograms ensured 
the privacy of cases (criterion 3) by spatial distortion; 
however, this occurred at the expense of recognition 
of locations (criterion 4). We demonstrate that dot 
map cartograms are a valuable method for detection 
and visualisation of infectious disease outbreaks, 
which facilitates informed and appropriate actions by 
public health professionals, to investigate and control 
outbreaks.

Introduction
Here we propose a method of mapping infectious dis-
ease data, the dot map cartogram, which displays the 
geographical locations of reported cases from routine 
surveillance or outbreak investigations, such that pub-
lic health experts can visualise both absolute numbers 
and spatial trends in incidence of infection. The method 
is developed to address two major causes of misinter-
pretation in commonly used maps: masking patterns 
of disease by not taking into account the population 

density distribution, and masking patterns by catego-
risation of information (across space and incidence of 
disease). With the dot map cartogram, we address the 
problem, raised by a recent systematic review [1], that 
spatial methods are underutilised and used in only ca 
0.4% of all published outbreak investigations.

The two most frequently used map types for spatial out-
break data are the dot map and choropleth incidence 
map [1]. In a dot map, every case is represented by a 
point on the map, showing absolute numbers of cases. 
Illustrating absolute numbers of cases reveals the size 
of the outbreak and identifies areas without cases. 
Dot maps do not account for the underlying geographi-
cal distribution of the population. As populations are 
usually heterogeneously distributed, important varia-
tions in incidence of infection can be masked. Another 
drawback of dot maps is that they may reveal too much 
information about the location of specific cases, by 
which the privacy of a case might be violated.

In a choropleth map, a quantitative attribute is dis-
played per spatial unit. For example, ordinal classes of 
incidence may be displayed by municipality, with the 
areas shaded according to their incidence value and 
a range of shading classes [2]. Choropleth maps are 
mostly used to display surveillance data. They are less 
suitable to display outbreak data when the interest is 
in exact locations of cases. Although this type of map 
gives a quick overview of where there are more cases 
than expected based on the background population, 
it has a major limitation: The appearance of this map 
is heavily influenced by arbitrary choices with regard 
to the classification system for the ordinal classes and 
the spatial unit used (the latter is also referred to as 
the Modifiable Areal Unit Problem, MAUP [3]). Because 
the data are categorised both across the quantitative 
attribute and across the geographical units, this can 
lead to a loss of information by masking important 
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internal patterns and variations. Therefore, this type 
of map can be misleading. This is especially problem-
atic when mapping rare events, which is often the case 
with infectious diseases.

Here we combine the advantages of both maps into 
one map type which we call dot map cartogram. This 
map type uses a diffusion-based algorithm [4], which 
creates contiguous or value-by-area cartograms. In 
these value-by-area cartograms, regions are enlarged 
or reduced relative to the number of individuals they 
contain. We apply this principle to traditional dot 
maps: we deform the map contours based on popula-
tion size and simultaneously deform the dot pattern. In 
this way, a dense point pattern in a big city will become 
more dispersed, whereas a dense point pattern in a 
rural area will become even more dense. A similar tech-
nique called density-equalising map projection (DEMP) 
has been pioneered before to describe the spatial 
distribution of cryptosporidiosis among AIDS patients 
in San Francisco [5]. This earlier study used a differ-
ent density-equalising algorithm, and application was 
limited to local outbreak data. This method has the 
advantages that the density of the dots reflects the 
incidence, the number of dots represent the absolute 
number of cases, and arbitrary choices for scale of spa-
tial unit and classification system are avoided.

In this study, we assessed whether the advantages of 
the dot map cartogram outweigh the potential disad-
vantages. One potential drawback is that the dot map 
cartogram may reveal too much information with regard 
to the privacy of the cases. Another potential drawback 
is that the spatial distortion makes it hard to recog-
nise or localise the map topology. We created dot map 
cartograms using real life data and compared them 
to the traditional choropleth and dot maps regarding 
four criteria: (i) ability to show both absolute numbers 
and incidence of the disease, (ii) sensitivity to choices 
regarding spatial scale and classification system, (iii) 
ability to ensure the privacy of individual cases, and 
(iv) ability to recognise locations. The comparison was 
applied to the mapping of a point-source outbreak and 
to the mapping of the occurrence of a human-to-human 
transmissible disease.

Methods

Data
As an example of outbreak mapping to locate a 
source, we used data from the Q fever outbreak in 
the Netherlands in 2009. Q fever case reports in the 
Netherlands communicable disease notification sys-
tem (Osiris) include the 4-digit postal code of residence. 
Cases with date of onset of illness in 2009 (n = 1,740) 
were extracted for this analysis. Population data and 
shapefiles (a data format which stores geometrical 
locations and metadata such as population size per 
geometrical location) on different spatial levels (4-digit 
postal code and municipality level) were accessed via 
Statistics Netherlands [5].

As an example of a human-to-human transmissible 
disease, we used pertussis notifications in Germany 
in 2015. Data on pertussis cases was made available 
by the Robert Koch Institute through the SurvStat@RKI 
2.0 web portal [6], in which the district of residence is 
registered for every case. We extracted data on labo-
ratory-confirmed pertussis cases with a date of diag-
nosis in 2015 (n = 9,017). The most recent population 
data and shapefiles for district and federal state level 
boundaries (2013) were accessed through the open 
data portal of the Federal Agency for Cartography and 
Geodesy Germany [7]. We assumed that the population 
size per district or federal state in 2015 was sufficiently 
similar to that in 2013.

Geographical representation

Dot map
In a dot map, every case is represented by a dot on 
their location of residence. As this would reveal the 
exact locations of the cases and harm their privacy, 
we chose to use a proxy location by assigning a ran-
dom point location in the spatial unit of residence 
(4-digit postal code for the Netherlands and dis-
trict for Germany) to every case. The 4-digit postal 
code areas in the Netherlands have a mean popula-
tion of 4,119 persons (mean surface: 8.6 km2), and 
the districts in Germany have a mean population of 
200,914 persons (mean surface: 888.7 km2). For the 
map of the Netherlands we have used the national 
RD (‘rijksdriehoeksstelsel’)-based projection and for 
Germany we used the Universal Transverse Mercator 
(UTM) 32 projection. Both are conformal map projec-
tions in which local angles are preserved and shapes 
are represented accurately and without distortion for 
small areas.

Choropleth incidence map
In a choropleth incidence map, disease incidence is 
displayed per spatial unit, using ordinal classes. We 
chose two spatial unit levels for each country: one 
at the same level as the patient data (spatial unit of 
residence as described above) and the other one level 
higher (municipality in the Netherlands or federal state 
in Germany). In addition, we categorised incidence into 
five ordinal classes, using two separate classification 
systems: the Jenks’ natural breaks algorithm [8] which 
seeks to reduce the variance within classes and max-
imise the variance between classes, and the quantile 
method in which equal numbers of spatial units are 
placed into each class [8]. The colour schemes for the 
incidence classes were based on previously estab-
lished map colour palettes [9].

Dot map cartogram

Basic principle
We created cartograms by reshaping the spatial units 
such that their area was proportional to their popula-
tion by applying the Gastner-Newman diffusion-based 
algorithm [4] without changing the underlying map 
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topology [10]. The principle is that once the areas have 
been scaled to be proportional to their population, then 
population density is by definition the same for each 
area of visually the same size on the cartogram. To cre-
ate dot map cartograms, the point patterns of cases (as 
described in the dot map section) were simultaneously 
transformed in the reshape process of the spatial units 
so that the number of cases per unit area reflected the 
incidence. In addition, to provide points of reference to 
interpret the dot map cartograms, capital municipal-
ity, provincial or state boundaries were simultaneously 
transformed, and an inset was added with the undis-
torted map. We used ScapeToad 1.2 software [11] to 
reshape the spatial units and the point patterns. From 
this programme, the transformed layers were exported 
as shapefiles. The exported files were imported into 
R statistical software to create the maps. The main R 
package used to create the maps was ggplot2. The R 
code for the construction of the dot map cartogram 
is provided elsewhere (https://github.com/lsoetens/
DotMapCartogram).

Cartogram quality
As we used spatial units with a population size at a cer-
tain spatial level to deform the original map, the MAUP 
problem was inherited. However, the consequences of 
this problem can be reduced by relying on an objec-
tive measure to assess which spatial level we could 
best use for our transformations. We assessed the 
cartogram quality by the objective measures, i.e. the 
average and maximum normalised cartographic error 
[10]. The cartographic error is the most commonly used 
measure for distortion in the value-by-area realisation. 
We assumed an input map M that is partitioned into 
n regions with polygonal boundaries. For each region 
v, a(v) denotes the area of v in M and the weight w(v) 
is the desired area for the region based on the back-
ground population. The diffusion-based algorithm con-
structed the cartogram M0, that is a deformation of M, 
in which o(v) is the observed area of region v. The aver-
age normalised cartographic error e was calculated as:

and the maximum normalised cartographic error x was 
calculated as:

No guidelines exist as to what constitutes acceptable 
cartogram quality; to be consistent with the values 
measured in a previous publication [10], we aimed for 
e < 0.1 and x < 0.4 in our cartograms. The performance 
of the algorithm, and subsequently the cartogram 
quality, depends on the distribution of the popula-
tion density in the input file and the grid size on which 
the computation of the population density is based. 
Large discrepancies in the population density between 
regions impair the algorithm performance, while a finer 
grid will produce a higher quality cartogram, but may 
introduce distortion. We started with an input map at 
the same spatial unit of residence as the case data 
(i.e. 4-digit postal code for the Netherlands and dis-
trict level for Germany) and assessed the average and 
maximum error of the cartograms. For the Netherlands, 
cartogram error was not satisfactory and we changed 
to the municipality level and accepted a maximum 
normalised cartogram error of x > 0.4; this was due to 
the very small population size of the municipalities on 
the West Frisian Barrier Islands. These areas should 
be smaller than presented in the created maps, but 
would no longer be visible. We used a 512 × 512 grid, 
which gave sufficient results; a higher-resolution grid 
of 1,024 × 1,024 is possible, but requires substantially 
greater computation times.

User requirements
To create the dot map cartograms, no specific geo-
graphical information system skills are needed. The 
only requirement is some basic knowledge of the R sta-
tistical software to be able to run the provided code 
(https://github.com/lsoetens/DotMapCartogram). 
Required software includes R studio and ScapeToad 
[11]. Both programmes are open source programmes, 
which can be downloaded for free. A detailed man-
ual for creating the dot map cartograms is provided 
along with the code (https://github.com/lsoetens/
DotMapCartogram).

Results

Geographical representation of point-source 
outbreaks: Q fever in the Netherlands
The maps of Q fever cases are compared in Figure 1. 
The dot map cartogram (Figure 1A) is based on the 

Formula 1

with a range of [0,1]

Formula 2

with a range of [0,1]
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population size per municipality in the Netherlands in 
2009 (e = 0.08, sd = 0.09; x = 0.78). It is compared with 
the dot map (Figure 1B) and the choropleth incidence 
maps (Figures 1C-E).

Ability to show both absolute numbers and incidence
The dot map cartogram is able to show both absolute 
numbers and incidence. Incidence is readily inferred 
from the choropleth incidence maps, but the exact size 
of the outbreak in absolute numbers is not apparent. 
The dot map showed a clear clustering pattern with 
several hotspots, but whether this is related to the 

population density (incidence) cannot be inferred from 
the dot map.

Sensitivity to choices regarding spatial scale and 
classification system
The dot map cartogram and dot map do not suffer from 
arbitrary classification issues. The choropleth inci-
dence maps are sensitive to this; different spatial scale 
and classification systems result in highly variable 
maps. When only one of those maps is used, the geog-
raphy of the outbreak could be misinterpreted. One 
would conclude that the outbreak is more widespread 

Figure 1
Spatial mapping of the Q fever outbreak in the Netherlands, 2009

A. Dot map cartogram. One red dot represents one case, shaded grey areas indicate the national and provincial capital municipalities. The 
geographical administrative units displayed as underlying layer are distorted as a result of building the cartograms.

B. Dot map. One red dot represents one case, shaded grey areas indicate the national and provincial capital municipalities.

C. Choropleth incidence map by municipality and Jenks’ natural breaks classification system.

D. Choropleth incidence map by 4-digit postal code and Jenks’ natural breaks classification system.

E. Choropleth incidence map by 4-digit postal code and the quantile classification system.
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(Figure 1C) or more intense (Figure 1E) than is illus-
trated in Figure 1D.

Ability to ensure the privacy of cases
The dot map compromises case privacy by revealing 
exact locations of cases, while the choropleth inci-
dence map protects privacy by aggregating case infor-
mation. The dot map cartogram meets this criterion 
partially by deforming the underlying region.

Ability to recognise locations
The dot map cartogram is harder to read, and spe-
cific locations are difficult to recognise. This can be 

improved by providing locations of major towns or dis-
trict boundaries. The choropleth incidence map and 
dot map outperform the dot map cartogram on this 
criterion.

Geographical representation of a human-to-
human transmissible disease: pertussis in 
Germany
The maps for pertussis cases are compared in Figure 2. 
Figure 2A depicts the dot map cartogram based on the 
population size by district in Germany in 2013 (e = 0.07, 
sd = 0.06; x = 0.29); this map is contrasted with the 

Figure 2
Spatial mapping of endemic pertussis in Germany, 2015

A. Dot map cartogram. One blue dot represents one case, shaded grey areas indicate the national and federal capital municipalities. The 
geographical administrative units displayed as underlying layer are distorted as a result of building the cartograms.

B. Dot map. One blue dot represents one case, shaded grey areas indicate the national and federal capital municipalities.

C. Choropleth incidence map by federal state and Jenks’ natural breaks classification system.

D. Choropleth incidence map by district and Jenks’ natural breaks classification system.

E. Choropleth incidence map by district and the quantile classification system.
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corresponding dot map (Figure 2B) and choropleth inci-
dence maps (Figures 2C-E).

Ability to show both absolute numbers and incidence
A much larger number of cases are illustrated in this 
example than for the Q fever data. This is immediately 
apparent from the dot map and the dot map cartogram, 
but less so from the choropleth incidence map. The 
clustering patterns on the dot map in several large cit-
ies and for example in the Ruhr district (in the west of 
Germany) disappear into an almost random pattern 
in the dot map cartogram, indicating that the cluster-
ing patterns on the dot map can be explained by the 
underlying population density in those areas. In con-
trast, in the south-east of Germany near Munich, a 
clustering pattern is present in both the dot map and 
the dot map cartogram, indicating that this cluster is 
not attributable to population density but reflects a 
higher incidence of pertussis notifications. Therefore, 
in this situation, both incidence and absolute number 
of cases are important in interpreting the map: they 
reveal the size of the problem and provide clustering of 
cases not attributable to the population density.

Sensitivity to choices regarding spatial scale and 
classification system
The choropleth incidence maps showed that the choice 
of classification system or spatial level results in highly 
variable maps. In this comparison, Figure 2D, based on 
the Jenks’ natural breaks classification system and the 
district level, is comparable to the dot map cartogram, 
showing the same areas with high incidence; however, 
there is no way to determine a priori which classifica-
tion system and spatial level would result in the ‘right’ 
map.

Ability to secure the privacy of cases
All maps meet this criterion. In this dataset, the dot 
map does not compromise privacy because of the fre-
quency of occurrence of the disease. As before, the dot 
map cartogram protects case privacy due to the defor-
mation of the underlying regions, and the choropleth 
incidence map because information is aggregated.

Ability to recognise locations
The choropleth incidence map and dot map outperform 
the dot map cartogram on this criterion. Adding refer-
ence points in the dot map cartogram, such as the fed-
eral state and federal state municipality boundaries, 
can help in recognising locations.

Discussion
We have proposed the dot map cartogram for display-
ing spatial infectious disease data and illustrating both 
incidence and absolute numbers of cases. A similar 
technique has been suggested before [12], but to our 
knowledge it was never used to study clustering of 
point patterns at a national level in infectious disease 
epidemiology. We compared the dot map cartogram 
to the frequently used choropleth incidence map and 
the dot map [1]. The main advantages of the dot map 

cartogram over the other two is that it is able to simul-
taneously reveal epidemic patterns adjusted for the 
population distribution, and to unmask patterns that 
are hidden by aggregation and categorisation of infor-
mation. The visual distortion of the dot map cartogram 
is a barrier to pinpointing the location of a case: this 
is a benefit in the field of infectious diseases because 
case privacy should be ensured in presenting surveil-
lance data. In addition, dot map cartograms illustrate 
areas without cases, which are harder to discern by the 
use of choropleth incidence maps.

We did not address map types other than dot maps and 
incidence maps for this comparison. Smooth incidence 
maps are an alternative to the choropleth incidence 
maps, in which the incidence is smoothed across the 
spatial units. This technique was applied to the data 
from a previous study for the Q fever outbreak in the 
Netherlands in 2009 [13]. In illustrating hotspots, the 
dot map cartogram is comparable to the smooth inci-
dence map. The advantage of the smooth incidence 
map is that it permits identification of the exact loca-
tion of hot spots, since the map is not deformed. 
However, smooth incidence maps do not reveal areas 
without cases and it is hard to discern the absolute 
number of cases and the true scope and size of the 
outbreak. Many more mapping techniques exist, such 
as map types based on other interpolation techniques 
(such as inverse distance weighting, kriging and trend 
surface fitting [2]), incidence based value-by-area car-
tograms [14,15], and many others. Assessment of all 
available methods was not within the scope of this 
paper.

We used the Gastner and Newman diffusion-based 
algorithm [4] to construct the cartogram. Alternative 
algorithms are available to construct contiguous car-
tograms [16-26]. We chose the Gastner and Newman 
algorithm because it performs well compared to the 
alternative algorithms in terms of quantitative meas-
ures such as the cartographic error, shape error and 
topology error [10], and qualitative measures such 
as subjective preferences and task performance [27]. 
Recent studies have proposed quantitative [10] and 
qualitative [27] measures for cartogram generation 
techniques. The development of standardised per-
formance measures will allow objective ranking and 
selecting of cartogram algorithms.

With the demonstration of dot map cartograms, we 
provide public health professionals with an alternative 
spatial method for outbreak analysis. Firstly, we expect 
that dot map cartograms minimise misinterpretation of 
the data. Secondly, as demonstrated in this study, dot 
map cartograms protect the privacy of cases. Thirdly, 
dot map cartograms do not require expensive special-
ised GIS software, which facilitates use in settings with 
limited resources. The only requirements to construct 
dot map cartograms are free software, case reports 
with location data and access to population data as 
shapefiles. As there is a general trend for governments 
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to make administrative population data publicly avail-
able, the latter is available for most countries. Finally, 
our method can easily be extended with information 
on covariates relevant for mapping: a relevant exam-
ple in infectious disease surveillance or research is to 
colour the case dots for a specific attribute, such as 
age group, sex or vaccination status. Introducing other 
layers of detail or attributes further broadens the util-
ity of this spatial method for use in infectious disease 
research and surveillance. However, as the technique 
is graphical rather than geographical, it does not 
replace a geographical information system explain-
ing the impact of various geographical factors on the 
spread of a certain infectious disease.
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