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After the publication of a special issue on Chagas dis-
easein September 2011, thisis the second time we focus
on diseases caused by pathogens belonging to the fam-
ily Trypanosomatidae. Even though Trypanosoma cruzi
and Leishmania spp. infections have different impact
on health, they are (still) neglected and we would like
to raise awareness for aspects related to public health.

At the end of March 2012, we invited contributions
for a special issue with the main aim to contribute to
the existing body of evidence and to make available
data that can help paint a better picture of the epi-
demiological situation and burden of autochthonous
leishmaniasis in Europe [1]. The initial response was
limited and we prolonged the deadline for submis-
sions until the end of August 2012. The prolongation
coincided with the allocation the first impact factor for
Eurosurveillance [2] and, in addition to this, a leading
European expert kindly supported the call and spread
the word among his peers. We are not able to judge
which element had most influence, however, by the
end of the August deadline we had received 35 contri-
butions from 16 countries for the special issue.

The evaluation of these manuscripts was a challenge
for the editorial team and the supporting experts.
We needed to apply stricter criteria and select only
those papers which we deemed of highest interest for
the readers of Eurosurveillance. This led to favouring
papers focusing on human disease and in particular
surveillance.

In the selection process we were forced to reject also
manuscripts of good quality, and after peer review
we agreed to publish 12 articles from 10 countries in
Europe to ensure a good geographical representation.
The coordination of the special issue took some time
and we thank all contributors, peer reviewers and sup-
porters, in particular Luigi Gradoni from the Istituto
Superiore di Sanita in Rome, lItaly, for their engage-
ment and patience.

Article published on 18 July 2013

In this first part of the special issue we present sur-
veillance data from five endemic countries in southern
Europe: Bulgaria, Greece, Croatia, Italy and France,
together with a rapid communication on an increase in
leishmaniasis cases in northern Italy in 2012-13. The
second part of the special issue will be published on 25
July. It will feature an editorial by Luigi Gradoni and two
papers from Spain on a recent outbreak in Madrid with
some unusual findings. Data from the Netherlands, a
non-endemic country where a series of cases imported
from within Europe were detected, will also be pre-
sented. Moreover, it will cover various relevant topics
such as the role of indigenous phlebotomine sand-
flies and mammals in spreading the pathogen as well
as aspects related to treatment with tumour necrosis
factor-alpha antagonists and new diagnostic methods.

References
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Leishmaniasis is complex of vector-borne diseases
caused by protozoan parasites of the genus Leishmania
transmitted by the bite of phlebotomine sandflies.
A dozen nosogeographical entities — characterised
by different parasite, vector and reservoir host spe-
cies, geographical distribution and clinical features in
humans — affect 101 countries in tropical, subtropical
and temperate zones of the world [1,2]. More than 90%
of 200,000-400,000 global cases of visceral leish-
maniasis (VL), the most severe form, are estimated
to occur annually in India, Bangladesh, Sudan, South
Sudan, Ethiopia and Brazil. A less severe form, cuta-
neous leishmaniasis (CL), is more widely distributed,
accounting for 0.7-1.2 million cases each year in coun-
tries of Latin America, Mediterranean basin, Middle
East and Central Asia.

Even though many physicians and public health
experts still consider leishmaniasis a tropical disease,
two entities associated with several Phlebotomus spe-
cies are endemic in southern Europe: (i) zoonotic VL
and CL caused by L. infantum throughout the region,
having dogs as reservoir host; and (ii) anthroponotic
CL caused by L. tropica, which occurs sporadically
in Greece. More recently, a third parasite species
(L. donovani, assumed to be anthroponotic) has been
recorded in Cyprus, where it causes both VL and CL [3].

VL is endemic in nine countries of the European Union
(EU). The World Health Organization’s Department for
the Control of Neglected Tropical Diseases has esti-
mated a total VL incidence of approximately 410-620
cases each year during 2003 to 2008 in these endemic
countries, adjusted to take into account a ‘mild’ 1.2—
1.8-fold under-reporting [2]. Recent experiences from
six of the nine countries — Bulgaria, Greece, Croatia,
Italy, France and Spain — are presented in this special
issue.

Zoonotic CL usually occurs in the same areas endemic
for VL, but there are probably many more cases than
those registered (2.8-4.6-fold under-reporting has
been estimated for the EU region [2]). As pointed out
by Lachaud et al. for France [4], but also applicable to

www.eurosurveillance.org
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other EU countries endemic for CL, cutaneous lesions
due to L. infantum are often benign and patients are
seen by general practitioners or dermatologists who
generally do not report these cases or notify them even
when mandatory.

Despite provoking a limited number of overt clinical
cases — in comparison with global leishmaniasis fig-
ures — L. infantum represents a latent public health
threat in the EU because studies performed in sev-
eral endemic foci have disclosed a high prevalence
of asymptomatic parasite carriers [5]. A recent exam-
ple is provided for Croatia by Sisko-Kraljevi¢ et al. [6].
Hence, immunosuppressive conditions, either due to
co-morbidities (e.g. human immunodeficiency virus
(HIV) infection) or therapies (e.g. organ transplantation
or treatment of immunological disorders [7]) may result
in the reactivation of latent infections. In this regard,
it should be emphasised that dermotropic L. infantum
genotypes — the usual agents of benign CL — may dis-
seminate to cause severe VL in immunosuppressed
individuals [8]. Such elevated prevalence of human
infections could have been predicted from two strands
of evidence: humans are frequently bitten by sandflies
and L. infantum infections are widespread in dogs, a
highly susceptible host [9]. In large parts of countries
of southern EU, canine seroprevalence rates are esti-
mated to be in the range of 5-30%, which means that
infection rates may reach values of 40-80% [10].

Some European countries at the north of regions with
natural transmission of leishmaniasis have reported
large series of VL and CL imported cases, many of which
have acquired the parasitic infection during holidays in
southern Europe [11-14]. In several instances, a defini-
tive diagnosis of VL proved difficult and for one case,
the period before symptom onset and specific treatment
was longer than a year. Delay in diagnosis or misdiag-
nosis can also occur in southern European countries
endemic for VL, but in parts where cases occur rarely,
as has been reported from a northern Italian region
[15]. These observations suggest that awareness about
leishmaniasis endemicity in Europe should be greatly
increased among general practitioners and clinicians.



TABLE

Operational and research challenges concerning epidemiological surveillance of leishmaniasis in the European Union

Topic Challenges

Surveillance by passive notification systems

Notification of leishmaniasis is not compulsory everywhere in Europe. Some endemic
countries have national notification systems centralised at the Ministry of Health; others
have compulsory or voluntary surveillance systems in endemic regions but not in non-
endemic ones. Non-endemic countries of northern Europe rely on single (or a network of)
reference centres that collect information on a voluntary basis.

There is limited harmonisation of the existing notification systems as regards case
definition, clinical presentation and patient information.

In countries with compulsory notifiable systems, under-reporting of visceral leishmaniasis
is estimated to be 1.2-1.8-fold, that of cutaneous leishmaniasis 2.8—-4.6-fold [2].

Transnational information

Travellers to endemic countries are not provided with adequate information on
leishmaniasis risk and physicians often do not include leishmaniasis in differential
diagnosis of travel-related diseases.

There is a lack of feedback from non-endemic countries registering leishmaniasis cases
in travellers to the endemic countries visited by patients, which can hamper early
identification of new or re-emerging foci.

Disease vs infection

Increasingly, there is evidence that clinical cases of leishmaniasis represent the tip of
an ‘infection iceberg’, whose size (i.e. prevalence) is unknown in most of the endemic
countries

Determinants for human clinical susceptibility are largely unknown, apart from
some co-morbidities (e.g. human immunodeficiency virus (HIV) infection) or
immunocompromising conditions, i.e. through immunosuppressive therapies.

Parasite identification

Multilocus enzyme electrophoresis (MLEE), the gold standard for Leishmania identification,
is available at reference centres of three European countries (France, Italy and Spain) [1];
however, there is risk that MLEE typing activities will be ended soon because they are
expensive and laborious.

Different levels of accuracy may be required (e.g. species level at clinical centres,
genotype level for epidemiological investigations); however, common protocols for
molecular Leishmania identification are not available yet.

Domestic vs wild reservoir hosts

Updated geographical distribution of canine leishmaniasis, representing the most efficient
sentinel for leishmaniasis transmission in a territory, is not available for all endemic
countries

The epidemiological role of domestic hosts other than dogs (e.g. cats) is still unclear

The potential role of wild mammals (rodents, lagomorphs, carnivores) as reservoir hosts
of Leishmania requires investigation because it can change with man-made environmental
changes such as witnessed by the recent outbreak in Madrid, Spain [21].

Phlebotomine vectors

Taxonomy and biology investigations on European phlebotomine species rely on a limited
group of experts. Updated information on vector distribution is therefore lacking in some
endemic countries and in neighbouring non-endemic ones.

Competence of permissive sandfly species needs to be elucidated as regards potential
transmission of exotic Leishmania species imported into Europe.

The vectorial role of continental European species of sandflies (e.g. Phlebotomus mascitti)
is still to be ascertained.

Control measures

The primary control measure is avoiding deaths from the most severe form of
leishmaniasis (visceral). General public and health professional awareness of the disease
(both leading to early diagnosis) and appropriate therapy should be the mainstay for both
endemic and non-endemic countries.

Vaccination combined with topical insecticides with sandfly anti-feeding properties should
be recommended for dogs living in endemic areas or temporarily travelling from non-
endemic to endemic areas.

www.eurosurveillance.org



As an endemic country comprises known areas or foci
of endemicity, it is interestingly to note that in some
instances, travellers became infected after visiting an
area that was not considered as endemic by the health
authorities of the country visited [16]. This should
encourage the development of systems for appropri-
ate transnational information following leishmaniasis
diagnosis in travellers.

Deaths due to VL, although possible, are rare. The dis-
ease has a slow chronic course, so that fatal cases may
be patients with individual risk factors such as severe
co-morbidities or, in case of young children, malnu-
trition associated with late diagnosis. On the other
hand, deaths due to inappropriate use of VL drugs can
be even more frequent. In some European countries,
antimonial drugs are still in use for some categories of
patients because of the high cost of liposomal ampho-
tericin B [17] and it is well known that overdose of pen-
tavalent antimony in adults can cause severe cardiac
failures in addition to pancreatitis.

This special issue of Eurosurveillance, published in two
parts, is a useful instrument to review diverse aspects
of leishmaniasis in Europe related to topics such as
the information and surveillance systems in place in
countries within the EU, the current epidemiological
situation and novel aspects related to parasite identi-
fication [18,19], domestic and wild reservoir hosts [20]
and vectors [9]. The main challenges associated with
these topics are summarised in the Table.

In conclusion, leishmaniasis, a neglected disease, is
rare in some countries of Europe, but endemic in oth-
ers, having a great impact on individuals and the poten-
tial to spread further. The disease should be monitored
carefully and systems for its notification should be har-
monised at both national and transnational levels.
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An increased number of autochthonous visceral leish-
maniasis (VL) cases has recently been reported in
Bologna Province in northern Italy. Over six months
from November 2012 to May 2013, 14 cases occurred,
whereas the average number of cases per year was 2.6
(range: 0-8) in 2008 to 2012. VL was diagnosed in a
median of 40 days (range: 15-120) from disease onset.
This delay in diagnosis shows the need for height-
ened awareness of clinicians for autochthonous VL in
Europe.

From November 2012 to May 2013, public health
authorities, microbiologists and clinicians in Bologna
Province, northern Italy, noted an upsurge in human
cases of visceral leishmaniasis. During these six
months, 14 cases were notified, an over five-fold
increase compared with the annual average of 2.6
cases (range: 0-8) from 2008 to 2012. Here, we report
preliminary epidemiological, microbiological and clini-
cal findings.

Background

Visceral leishmaniasis (VL) is a severe disease pri-
marily affecting the host’s reticuloendothelial system
and is caused by parasitic protozoans belonging to
the Leishmania donovani complex. VL is endemic in
Mediterranean Europe, where the disease is caused by
L. infantum. Transmission is mainly zoonotic and occurs
via the bite of a phlebotomine sandfly species of the
genus Phlebotomus [1,2]. In Italy, the Tyrrhenian lit-
toral, the southern peninsular regions and the islands
have been considered classical endemic zones for VL,
whereas in continental northern regions, VL has mainly
affected human immunodeficiency virus (HIV)-positive
patients. Since the early 1990s, however, a north-
ward spread of the disease to previously non-endemic
Italian regions has been observed. These regions also
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exhibited a progressive decrease in HIV co-infection
rates [3]. A recent survey conducted in a continental
area of north-western Italy, which was previously con-
sidered to be non-endemic, detected anti-leishmanial
antibodies in 7.4% of healthy adults; for half of the
seropositives, ongoing infection was confirmed by PCR
analysis [4]. Currently, the occurrence of both asymp-
tomatic and symptomatic leishmaniasis seems to be
underestimated in Italy.

Outbreak description

In Italy, laboratory-confirmed cases of VL are reported
by local public health departments to the regional
authorities, which report cases to the Ministry of
Health. The case definition for VL in Italy is based on
the World Health Organization (WHO) case definition

FIGURE 1

Epidemic curve of human cases of visceral leishmaniasis,
Bologna Province, northern Italy, November 2012-May
2013 (n=14)

Number of cases

14
o J .
Nov | Dec | Jan I Feb I Mar | Apr
2012 2013

Date (disease onset)

www.eurosurveillance.org



FIGURE 2

Geographical location of human cases of visceral
leishmaniasis, Bologna Province, northern Italy,
November 2012-May 2013 (n=14)
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and includes positive serology (indirect immunofluo-
rescence antibody test (IFAT), ELISA, rK39-based immu-
nochromatographic test (IC), direct agglutination test)
and/or parasitology (microscopy, culture or PCR) for
patients with suspected clinical symptoms [s5].

From November 2012 to May 2013, 14 new cases of
VL occurred in Bologna Province in northern lItaly
(Figure 1). Most patients resided in hilly, rural areas.
Municipalities and their altitudes are reported in Figure
2.

The age range of patients was five months to 83 years,
four cases were aged 18 months or younger, five were
between 48 and 60 years-old, and five were between
62 and 83 years-old. The majority, 11 patients, were
male. One patient was HIV-positive. Overall, five
patients had known risk factors for VL, i.e. being under
two years-old, (n=4) or being HIV-positive (n=1). All
patients had symptoms compatible with VL, includ-
ing a fever of unknown origin (n=13), mild to moderate
anaemia (n=12), leukopenia (n=12), thrombocytopenia
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(n=10), hepatomegaly (n=7), splenomegaly (n=14) and
weight loss (n=7). Interestingly, four of 14 VL cases
presented with haemophagocytic syndrome (HS), a
systemic hyperinflammatory disorder with severe dys-
function of immune homeostasis that may be second-
ary to VL [6,7].

VL was diagnosed in a median time of 40 days from
disease onset (range: 15—120) and was supported by
parasitological and serological means.

Laboratory investigations

Bone marrow aspirate was performed in 12 cases, but
smear was available for microscopic diagnosis only in
10 cases. The detection of amastigotes was positive
in three of 10 cases investigated, and the culture was
negative in all nine tested cases (Table), suggesting a
low parasite load in the bone marrow [8]. As expected
[9], molecular methods enhanced parasite detection in
bone marrow samples. Leishmanial DNA was detected
by nested PCR and/or real-time PCR in seven of 10
patients and in the peripheral blood of an additional
patient who was HIV-positive; thus, molecular methods
were positive in eight of 13 VL cases (not performed in
one case).

Serology performed using an indirect haemagglutina-
tion assay (IHAT) was negative in all eight cases tested,
whereas the rk39-based IC [10] and IFAT were positive
in all tested patients (10 of 10 and 13 of 13, respectively,
see Table). Thus, serodiagnosis by IFAT or IC in patients
with suspected symptoms was fundamental.

Indeed, in four of five cases in whom a diagnosis of
VL was posited based on only suggestive symptoms
and serological tests, the response to anti-leishmanial
treatment (liposomal amphotericin B, 10 mg/kg intra-
venous, single dose) was appropriate, suggesting
that our diagnostic approach was correct. One case
resolved symptoms without treatment and is currently
under clinical and laboratory evaluation.

Discussion

The risk of the emergence or resurgence of several
exotic vector-borne pathogens in Europe, including chi-
kungunya and dengue virus, has become a hot topic
over the past decade, whereas other infections, such
as leishmaniasis, have been neglected [11]. In fact, cli-
nicians and microbiologists are often ill informed on
the prevalence and symptoms of, and detection meth-
ods for VL, which may lead to initial misdiagnosis and
a delay in diagnosis and treatment.

According to the epidemic curve (Figure 1), most cases
of the ongoing outbreak in Bologna Province had
disease onset in the winter months, indicating that
patients were probably infected during summer and
autumn 2012. Furthermore, half of the cases were diag-
nosed more than 4o days from disease onset and one of
these cases was diagnosed 120 days after initial symp-
toms. This indicates a frequent delay in identifying the



TABLE

Parasitological and serological findings in visceral leishmaniasis cases, Bologna Province, Italy, November 2012-May 2013

(n=14)

Case number

Time to diagnosis

Parasitological findings

Serological findings

1 78 days BM: microscopy -, PCR+ IHAT-, IC+, IFAT+ (1:80)
2 27 days BM: microscopy-, culture-, PCR+ IHAT-, IC+, IFAT+ (1:160)
3 15 days BM: microscopy -, culture-, PCR- IHAT-, IC+, IFAT+ (1:160)
4 42 days BM: microscopy -, culture-,PCR- IC+, IFAT+ (1:40)

5 40 days BM: microscopy+, culture-, PCR+ IHAT-, IFAT+ (1:80)

6 15 days BM: microscopy -culture-, PCR- |C+, IFAT+ (1:1,280)

7 80 days BM: microscopy -, culture-, PCR- IHAT-, IC+, IFAT+ (1:5,120)
8 40 days PB: PCR+ IHAT-, IC+, IFAT+ (1:10,240)
9 120 days PB: culture-, PCR- IHAT-, IC+, IFAT+ (1:5,120)
10 20 days BM: PCR+ IHAT-

11 30 days BM: microscopy + IFAT+ (1:320)

12 25 days BM: microscopy -, PCR+ IFAT+ (1:1,280)

13 60 days BM: microscopy+, culture-, PCR+ |C+, IFAT+ (1:320)

14 50 days BM: culture-, PCR+ IC+, IFAT+ (1:640)

BM: bone marrow; PB: peripheral blood; IFAT: indirect immunofluorescence antibody test; IHAT: indirect haemagglutination test; IC: rk39-

based immunochromatographic test; -: negative; +: positive.

parasitic infection. One third of the identified cases
were revealed as having HS, and one child was errone-
ously diagnosed as having familial haemophagocytic
lymphohistiocytosis (FHL). Symptoms for FHL and HS
due to VL may overlap, and the differential diagnosis
can be difficult [7, 12]. Thus, awareness of the increas-
ing incidence of VL in areas previously considered to
be at low risk is fundamental to avoid misdiagnosis,
especially in infants in whom HS might be confused
with FHL.

L. infantum is considered to be autochthonous in
Bologna Province and P. perfiliewi is the predominant
vector in this area [13]. In 1971—72, an outbreak of VL
occurred in Bologna Province that affected 60 individu-
als, with 13 deaths [14]. Afterwards, the area remained
endemic, with a low prevalence and an annual mean
of 2.6 reported cases (range: 0-8 years) for the years
2008 to 2012 (R. Cagarelli, personal communication,
May 2013). The reasons for the recent upsurge of VL
cases in Bologna Province are unknown. Theoretically,
current global warming in the Mediterranean area [15]
may enhance leishmaniasis distribution due to the
effect of temperature on parasite development and
vector spread. However, according to WHO, there is no
clear evidence indicating that sandfly and VL distribu-
tion in Europe have changed in response to climate
change [2].

In conclusion, the increase in human VL cases in an
area of northern Italy raises important public health
concerns. Firstly, there is an urgent need to expand

the existing control measures for canine leishmania-
sis [13]. Secondly, healthcare professionals need to be
informed of the upsurge in VL in the area to proceed
with appropriate parasitological and serological tests
in suspected cases, to promptly identify and treat
cases of VL. Finally, the public needs to be aware of the
potential exposure to sandfly bites in areas in which
the parasite circulates, and to be educated in the use
of appropriate preventive measures, such as mechani-
cal and chemical repellents.
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Visceral leishmaniasis is a sporadic illness in Bulgaria.
However, cases in humans are registered nearly every
year. This study describes the geographical distribu-
tion of the disease in Bulgaria from 1988 to 2012, over
a period of 25 years. Cases were analysed according to
age, sex, and place of residence. A total of 122 cases
were registered in 25 years, 118 of which were autoch-
thonous and four of which were imported from endemic
countries in southern Europe. The average annual inci-
dence for the study period was 0.06 per 100,000 pop-
ulation, or an average of five cases per year (maximum
15 in 1989; no cases notified in 1991, 1995, 1996 and
2008). Cases of visceral leishmaniasis were recorded
in 13 out of 28 regions in Bulgaria, mainly in the south-
ern part of the country. The highest number of cases
were registered in the regions of Blagoevgrad (n=36)
and Stara Zagora (n=34). Data presented in this study
show that there is ongoing transmission of visceral
leishmaniasis in Bulgaria with a high mortality rate
(1:7), affecting mostly children.

Introduction

Visceral leishmaniasis (VL) is a protozoan, vector-
borne disease characterised by chronic course, remit-
tent fever, hepatosplenomegaly, and anaemia to
complete pancytopenia and secondary immunosup-
pression. Leishmania infantum is the causing agent of
VL in the Mediterranean region. In areas endemic for
VL, the disease tends to have a chronic course and
children are especially affected [1]. The average incu-
bation period of the disease varies from a few weeks
to six months. Until recently, children aged between
one and four years were the group most affected by
endemic VL caused by L. infantum in southern Europe,
North Africa, west and central Asia [2]. According to
some authors, the ratio between children and adults
with leishmaniasis in the Mediterranean region is 7:3
and the average age of the affected children is under
four years [3]. However, in recent years, about a half of
leishmaniasis cases in Europe have occurred in adults,
following the appearance of the human immunodefi-
ciency virus (HIV) infection and the increased number
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of patients receiving immunosuppressing treatments
due to transplantation, malignancies or other underly-
ing conditions [4].

The first cases of VL in Bulgaria were reported by
Mollov in 1921, who then described two clinical cases
imported from Greece, and in 1937, the same author
described the first autochthonous VL case in the coun-
try [5]. In the following 16 years, until 1953, a total of 57
autochthonous cases of VL were reported in Bulgaria,
50 of which were children. At that time, the disease
occurred sporadically, mostly in the southern part of
the country [6,7]. Between 1953 and 1988, only spo-
radic cases of VL were registered in the country. This
was attributed to the mass use of dichlorodiphenyl-
trichloroethane, an organochlorine insecticide used
during the eradication of malaria in Bulgaria, which led
to the decrease in number and density of mosquitoes
and phlebotomine sandflies that serve as vectors for
leishmaniasis [8].

Studies on VL cases in Bulgaria were mainly focused on
clinical aspects, diagnosis and treatment [9-13]. Over
the last 15 to 20 years, the incidence of VL in Bulgaria
increased significantly and the disease is now present
in most parts of the country. Since 1988, autochtho-
nous VL cases are registered almost annually.

Dogs are the principal reservoir hosts of L. infantum
under domestic and peridomestic conditions [2]. In
recent years, several studies on canine VL in Bulgaria
were conducted. In 2004, a seroepidemiological screen-
ing for leishmaniasis among dogs was performed in 11
regions in Bulgaria: five regions in southern Bulgaria
(Plovdiv, Stara Zagora, Yambol, Burgas, Blagoevgrad)
and six regions in northern Bulgaria (Varna, Silistra,
Ruse, Veliko Tarnovo, Pleven, Montana) (Figure 3) [14].
Sera from 220 dogs were tested by immunofluores-
cent assay, but none was seropositive. In 2006, clini-
cal manifestations of leishmaniasis were observed and
described in two domestic dogs in Petrich in south-
western Bulgaria [15]. In 2007, a seroepidemiological
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FIGURE 1

Notified cases of visceral leishmaniasis, Bulgaria, 1988-2012 (n=122)

16 —

14 |

12

10

Number of cases

1988
1989
1990
1992
1993
1994
1995
1996
1997
1998

1991

survey on the seroprevalence of L. infantum among
dogs was carried out in two municipalities — Svilengrad
and Petrich. Ten new cases of canine VL with clinical
manifestations were diagnosed between November
2006 and November 2007 in these two municipalities
[16].

There are no recent data on species composition of the
phlebotomine sandfly fauna in Bulgaria. Few publica-
tions on the subject exist from the beginning of the
2oth century and a single more recent study from 2011.
Five species of the genus Phlebotomus were identified
in the country so far: Phlebotomus papatasi, Ph. ser-
genti, Ph. perniciosus [17], Ph. balcanicus [18], and Ph.
tobbi [19]. Ph. perniciosus is considered as a main vec-
tor, and Ph. balcanicus and Ph. tobbi are considered as
potential vectors of VL [20].

The aim of the present study is to describe and sum-
marise data from all registered cases of VL in Bulgaria
from 1988 to 2012, by demographic information and
geographic distribution and to compare the results with
those published for other endemic European countries.

Methods

According to the Bulgarian legislation, VL is a manda-
torily notifiable disease since 1978 [21]. Notification
and registration of all cases of VL are regulated in two
ordinances [22, 23]. All cases of VL are reported to the
regional health inspectorate (RHI) by the diagnosing
physician. Each case must be confirmed by additional
tests at the Department of Parasitology and Tropical
Medicine (DPTM) at the National Centre of Infectious
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and Parasitic Diseases (NCIPD), Sofia. According to the
legislation [23] cases of infectious diseases are classi-
fied into the following categories: possible, probable,
and confirmed. Only confirmed cases of VL are subject
to mandatory notification. RHI submits a summary of
all recorded cases to the National Health Information
Centre on a daily basis. The Centre processes the data
collected from RHIs and sends a monthly summary of
the situation to the Ministry of Health, the NCIPD, and
the RHIs. Every year, the DPTM at NCIPD analyses the
parasitic morbidity in the country. Based on this infor-
mation, the Ministry of Health takes measures aimed
at increasing the effectiveness of the surveillance sys-
tem. Surveillance for VL comprises a set of activities
including an epidemiological investigation of the cases
on site and filling in a registration card. After treat-
ment, the patients are subject to follow-up for one year.

For this study we used (i) data from registration cards
of VL cases, (ii) data from the annual analyses of the
parasitic morbidity in the country released by NCIPD
each year and (iii) data from the clinical exams of
patients checked at the DPTM at NCIPD.

The registration cards contain personal information,
medical history, clinical and laboratory data, epide-
miological and treatment information and data from
parasitological laboratory tests.

We conducted a retrospective analysis of the medi-
cal records of the confirmed VL cases (both autoch-
thonous and imported) in Bulgaria. The incidence per
100,000 population was calculated on the basis of
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the information available from the National Statistical
Institute about the number of the Bulgarian population
per years [24, 25].

With the existing surveillance system in Bulgaria,
underreporting of diagnosed VL cases is unlikely.
Based on this, we consider the limitations or bias in
this study as minimal. An approval from the ethical
commission was not necessary for this study.

Results

During the study period, 122 cases of VL were regis-
tered (Figure 1). Of these, 118 were autochthonous with
patients from 51 settlements (urban and rural) in 13 of
the 28 regions in Bulgaria. Four imported cases were
recorded in Bulgarian citizens who had visited European
countries in the Mediterranean region [9-11,26].

Cases of VL were registered in all years between 1988
and 2012, except for 1991, 1995, 1996 and 2008. The
peaks of incidence were in 1989 (n=15 cases), 2002
(n=13), 2005 (h=12), 2001 (n=10) and 2004 (h=10).

Throughout the years we could observe that the inci-
dence of VL was fluctuating. In different periods as in
1988-1990, 2001-2007 and 2009 the incidence was
higher compared to the established average annual
incidence of 0.06 per 100,000 population for the whole
period (Figure 2).

Age and sex distribution

Sixty-eight (56%) of the 122 patients were children and
teenagers up to 18 years of age, and 54 (44%) adults.
When analysing the age among children we found
that the most affected group were children between
one and two years of age (n=18), followed by children
under one year (n=15). The group of children between
zero and five years of age prevails among all persons
with VL (n=48; 71% of cases among children and 39%
of the total number of cases). The average age of the
affected children in Bulgaria is 4.7 years. Ninety-one
(75%) of the cases were male.

HIV co-infection

Among the 54 adults diagnosed with VL, only one per-
son was co-infected with human immunodeficiency
virus (HIV).

Mortality

Seventeen people (13.9%) died from VL during the study
period. The highest number of deaths (n=9) was regis-
tered in 1989. Average annual mortality for the whole
period 1988 to 2012 was 0.01 per 100,000 population.

Seasonality

Cases of VL were recorded in all months of the year. In
more than a half of the cases (61 of the 118 autochtho-
nous cases) the first clinical symptoms were noticed
during the months from October to January.

FIGURE 2
Incidence of notified cases of visceral leishmaniasis per 100,000 population, Bulgaria, 1988-2012
(n=122)
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TABLE

Visceral leishmaniasis cases by age, sex, residence, and place of infection, Bulgaria, 1988-2012 (n=122)

Age Residence? Place of infection
Characteristic
Children Adults City Village Autochthonous Imported
Number of cases 68 54 91 31 82 36 118 4
Percentage% 56 44 75 25 69 31 97 3

2 For autochthonous cases only (n=118).

FIGURE 3

Autochthonous human cases of leishmaniasis (n=118) and results of seroepidemiological screening of dogs by region,
Bulgaria, 1988-2012
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1 No seroepidemiological screening of dogs and no human cases notified
[ Seroepidemiological screening of dogs, no seropositive dogs detected,
and no human cases notified

I Seroepidemiological screening of dogs, no seropositive dogs detected,
human cases notified

I No seroepidemiological screening of dogs, human cases notified

Em Seroepidemiological screening of dogs, seropositive dogs detected (6 dogs
in Blagoevgrad and 6 dogs in Haskovo), human cases notified

[ZZ1 Human cases notified (n=118 autochthonous human cases of leishmaniasis
notified by region between 1988 and 2012)

FYROM: Former Yugoslav Republic of Macedonia.
Sources of data on dogs: [14,16].
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Autochthonous and imported cases

The majority of cases (n=118; 97%) were autochtho-
nous. In 2006 and 2007 four (3%) imported VL cases
were registered in Bulgarian citizens, two of whom had
travelled to Italy and two to Spain.

Residence and geographical

distribution of cases

In terms of the type of residence in which the cases
lived, 82 (69%) of them lived in urban and 36 (31%) in
rural settlements (Table).

Cases of VL were recorded mainly in southern Bulgaria
(Upper Thracian Plain and the Valley of Struma River),
but cases of VL occurred also in northern Bulgaria indi-
cating that the whole territory of the country is poten-
tially endemic.

Figure 3 shows the notified autochthonous VL cases
by region of residence. The highest number of autoch-
thonous cases (n=96; 81%) was recorded in urban
and rural settlements located at altitudes below 300
meters and typically with hilly landscape.

Discussion

In this paper we studied the distribution of VL in
Bulgaria over a 25-year period from 1988 until 2012.
The vast majority of patients were autochthonous
cases and this is convincing evidence for the presence
of local transmission of VL in rural and urban areas.
Although Bulgaria is not situated in the Mediterranean,
there are favourable environmental conditions for local
transmission of the disease. Our results showed that
most cases were probably infected during the warmer
months of the year (June-October) when phlebotomine
sandflies are active.

The average age of the affected children in Bulgaria
(4.7 years) is similar to the Mediterranean countries.
Most of the patients lived in urban areas and a pos-
sible explanation for this finding could be that some
of the sylvatic foci are located close to the cities with
recorded cases. Most people living in cities in Bulgaria
are closely linked to the rural settlements because they
have relatives living there and visit them often (farm-
ing, hunting, recreational activities). The fact that they
visit the villages often for various activities means that
they are more frequently in contact with these foci.

Only one case of HIV/VL co-infection was recorded.
Although HIV-testing was not performed in all patients,
we consider this number correct because in the fol-
low-up observation for at least one year, no cases
of relapse have occurred and all adult patients were
definitely cured. Furthermore, this assumption may be
supported to some extent by the low number of HIV-
positive people in Bulgaria. According to the National
Program for Prevention and Control of HIV/acquired
immunodeficiency syndrome (AIDS) at the Bulgarian
Ministry of Health, by the end of 2012, the total num-
ber of officially registered persons living with HIV/AIDS
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in the country was 1,647 [27]. This is different from
other countries in southern Europe where in the past
up to 70% of the cases of VL in adults were associated
with HIV infection, and HIV/VL co-infection was distrib-
uted mostly among adults where 77.3% of the recorded
cases with co-infection affected the age group between
31-50 years old [4,28]. The incidence of new VL cases in
HIV-positive patients dropped about 50 to 65% in the
Mediterranean area after highly active antiretroviral
therapy (HAART) was introduced [29].

Even though cases occurred in nearly all parts of the
country, most VL cases during the study period (110
of the 118 autochthonous cases) occurred among
residents of the southern part of the country and the
highest number of cases was found in south-western
Bulgaria (Blagoevgrad region) and central-southern
Bulgaria (Stara Zagora). The presence of single cases
of VL in the northern part of the country is prob-
ably due to the very similar climatic, geographic and
faunistic features of the separate geographical zones
in Bulgaria which define the epizootology and epide-
miology of the disease. Another potential explanation
could be the fact that people living in the northern part
of the country have acquired the infection while travel-
ling in the rural regions of the south.

Still considered by some as a tropical disease, zoonotic
VL is endemic in a number of southern European coun-
tries. Cases of VL have been recorded in all countries
neighbouring Bulgaria: Turkey, Greece, Romania,
Serbia and the former Yugoslav Republic of Macedonia
[30,31]. In southern Europe the incidence is relatively
low: 0.02-0.49 per 100,000 population (estimated at
around 700 new cases per year) [32]. Our data are in
line with these estimates: the average incidence of VL
from 1988 to 2012 is 0.06 per 100,000 population and
new cases of the disease are recorded locally almost
every year.

Although the incidence of VL in Bulgaria is relatively
low, its severe course and the possibility of a lethal
outcome is a reason to regard leishmaniasis as an ill-
ness with high impact on public health.
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Leishmaniasis is endemic and mandatorily notifiable in
Greece. Epidemiological surveillance data for leishma-
niasis in Greece between 1981 and 2011 are presented.
In 1998, the notification system began distinguishing
between visceral and cutaneous leishmaniasis. The
mean annualincidence of reported leishmaniasis cases
between 1998 and 2011 was 0.36 per 100,000 popula-
tion. Of a total 563 leishmaniasis cases reported after
1998, 523 (93%) were visceral leishmaniasis cases.
Incidence of reported visceral leishmaniasis cases
fluctuated during this period, generally decreasing
after 2007, with a small re-increase in 2011. The mean
annual incidence rate of reported visceral leishma-
niasis cases was significantly higher in less than four
year-olds (p <o0.001). Leishmaniasis cases occurred
both in the country mainland and islands. Between
1998 and 2011, Attica concentrated almost half of the
reported visceral leishmaniasis cases, with incidence
rates in western Attica and western Athens above
12.00 per 100,000 population. Compared to visceral
leishmaniasis, cutaneous leishmaniasis had a rather
sporadic distribution, with many prefectures appear-
ing free of cases. From 2004, the notification also
included risk factors and of 287 cases with known
immune status, 44 (15%) were immunocompromised.
Moreover having a dog at home was reported by 209
of 312 leishmaniasis cases (67%), whereas 229 of 307
cases (75%) reported the presence of stray dogs near
their residence. Linking clinical surveillance data with
laboratory data and improving collaboration with the
veterinary public health sector are some of the future
challenges for leishmaniasis surveillance in Greece.

Introduction

Leishmaniasis is a vector-borne disease, caused by
parasitic protozoans of the genus Leishmania and the
disease is transmitted by phlebotomine sandflies [1].
Less common ways of infection include infected blood
transfusion, congenital infection and parenteral trans-
mission [2]. The most common forms of the disease
in humans are the visceral and the cutaneous form.
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Visceral leishmaniasis causes a systemic disease char-
acterised by fever, hepatosplenomegaly, anaemia and
lymph node enlargement, and may be fatal without
appropriate treatment, while cutaneous leishmania-
sis mainly causes skin ulcers and is considered a less
severe form of the disease [3].

Greece is considered to be an endemic country for both
forms of the disease, with visceral leishmaniasis being
the predominant form, endemic in nearly all geographi-
cal areas of the country and cutaneous leishmaniasis
occurring sporadically [4,5]. L. infantum is the respon-
sible species for the clinical manifestations of visceral
leishmaniasis (and some cases of cutaneous leishma-
niasis), while the vector species that transfer this type
of parasite are Phlebotomus neglectus, P. tobbi and
P. perfiliewi [6-9]. Anthroponotic cutaneous leishma-
niasis is also present in Greece, caused by L. tropica,
which is transmitted by P. sergenti [6]. Sporadic cases
caused by L. tropica have been diagnosed both in the
Greek mainland and in Greek islands [5,10,11].

The objective of this article is to present epidemio-
logical surveillance data for human leishmaniasis in
Greece, collected the last 30 years (1981-2011).

Methods

Leishmaniasis is a mandatory notifiable disease in
Greece. The national mandatory notification system is
operating since 1998 under the auspices of the Hellenic
Center for Disease Control and Prevention, which is
responsible for the collection, processing and analysis
of epidemiological data on communicable diseases in
the country. Prior to 1998, aggregated leishmaniasis
data were notified directly to the Hellenic Ministry of
Health via the prefectures’ public health directorates of
the country.

In 2003, the mandatory notification system was rede-

signed both in the context of harmonising the national
surveillance system with the European Union (EU)

www.eurosurveillance.org



FIGURE 1

Laboratory-confirmed leishmaniasis cumulative incidence rate per 100,000 population by prefecture of cases’ residence,

Greece, 1981-1997 (n=688)
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surveillance framework and in the context of prepara-
tions for hosting the 2004 Olympic Games. The conse-
quent changes regarding leishmaniasis surveillance
were mainly the alteration of the notification time
frame from a monthly to a weekly basis and the use of
a redesigned notification form that included risk fac-
tors for infection, as well as clinical manifestations and
laboratory findings.

According to the Hellenic mandatory notification sys-
tem, a confirmed visceral leishmaniasis case is an
individual with clinical manifestations compatible with
visceral leishmaniasis (persistent fever, splenomegaly,
substantial weight loss, anaemia, lymph node enlarge-
ment) and laboratory confirmation via serology and/or
detection of the pathogen on clinical samples. A con-
firmed cutaneous leishmaniasis case is an individual
with clinical manifestations compatible with cutaneous
leishmaniasis (appearance of skin lesions — nodular

www.eurosurveillance.org

or ulcerative — usually on exposed areas of the body,
which can be followed in some cases by the appear-
ance of mucosal lesions) and laboratory confirmation
via detection of the pathogen on clinical samples (in
case of presence of mucosal lesions only, laboratory
confirmation is performed via serology).

From 1981 to 1997, aggregated data on laboratory-
confirmed leishmaniasis cases were derived from the
Hellenic Ministry of Health records, while data on lab-
oratory-confirmed leishmaniasis cases from 1998 to
2011 were derived from the national mandatory noti-
fication system. The distinction between visceral and
cutaneous leishmaniasis cases was introduced in the
notification process in 1998.

For a period limited to between 2004 and 2009, leish-

maniasis cases were also reported from the Laboratory
of Clinical Bacteriology, Parasitology, Zoonoses and
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FIGURE 2

Laboratory-confirmed visceral leishmaniasis cumulative incidence rate per 100,000 population by prefecture of cases’

residence, Greece, 1998-2011 (n=558)
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Of a total 614 visceral leishmaniasis cases reported to the surveillance system in Greece between 1998 and 2011, the figure shows the 558

with available information on prefecture of residence.

Geographical Medicine of the Medical School of the
University of Crete and from the Reference Laboratory
for Opportunistic Infections of the Department of
Parasitology, Entomology and Tropical Diseases of the
National School of Public Health. Data on age, sex and
risk factors were not available for these cases.

Data about leishmaniasis cases were compiled from
1998 through 2011 with respect to age, sex, Greek citi-
zenship and hospitalisation. In addition, for the period
from 2004 to 2011, during which the reformed manda-
tory notification system was operational, data were
compiled regarding risk factors for the disease (owning
a dog, presence of sandflies in the area of residence,
presence of stray dogs in the proximity of the patients’
residence, being immunocompromised), clinical mani-
festations and laboratory findings.
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To assess temporal variation, annual incidences per
100,000 population were calculated for the period from
1998 to 2011, using data from the mandatory notifica-
tion system and population data from the 2001 census
population. Cumulative incidence per 100,000 popula-
tion was calculated by prefecture of cases’ residence,
for the period from 1981 to 1997 (1991 census popula-
tion), based on aggregated data from the records of
the Hellenic Ministry of Health. On the other hand,
cumulative incidence per 100,000 population was cal-
culated by prefecture of cases’ residence for the period
between 1998 and 2011, based on data derived from
the national mandatory notification system, and also
including the cases reported from the Laboratory of
Clinical Bacteriology, Parasitology, Zoonoses and
Geographical Medicine of the Medical School of the
University of Crete and the Reference Laboratory
for Opportunistic Infections of the Department of
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Parasitology, Entomology and Tropical Diseases of the
National School of Public Health.

Incidence rate ratios were tested for significance using
the chi-squared test. A p value <o0.05 was considered
significant. Data were analysed with Stata v 12.1., and
area maps were created using Epi Map (Epilnfo v 3.4.3).

Results

Cumulative incidence rates of leishmaniasis

per prefecture from 1981 to 1997

From 1981 through 1997, a total of 688 aggregated
laboratory-confirmed cases of leishmaniasis were
reported. The respective period’s cumulative leishma-
niasis incidence rate by prefecture of cases’ residence
is depicted in Figure 1.

From 1981 to 1997, in the mainland, the prefectures
with cumulative leishmaniasis incidence rate of
reported cases above eight per 100,000 population are
located mainly in central Greece, Thessaly, southern
Peloponnese, and eastern Macedonia. In the islands,
cumulative incidence rates of reported cases above
12.00 per 100,000 population are observed for the
islands of Corfu, Kefallonia and Zakynthos in the lonian
Sea, and in Chios and the island complex of Samos in
the Aegean Sea.

Cumulative incidence rates of leishmaniasis

per prefecture from 1998 to 2011

From 1998 to 2011, 563 laboratory-confirmed leishma-
niasis cases were reported through the national manda-
tory notification system. An additional 101 cases were
reported from the Laboratory of Clinical Bacteriology,
Parasitology, Zoonoses and Geographical Medicine
of the Medical School of the University of Crete and
the Reference Laboratory for Opportunistic Infections
of the Department of Parasitology, Entomology and
Tropical Diseases of the National School of Public
Health, for the years 2004 to 2009 (an additional 39%
to the 260 cases reported via the mandatory notifica-
tion system in the same period). From the total of 664
cases, 614 were visceral leishmaniasis cases and 5o
were cutaneous leishmaniasis cases.

Figure 2 presents the 1998 to 2011 cumulative visceral
leishmaniasis incidence rate by cases’ prefecture of
residence for a total of 558 cases for which residence
was known.

During the years between 1998 and 2011, in the main-
land, the prefectures with cumulative incidence rate
of visceral leishmaniasis reported cases above eight
per 100,000 population are located mainly in central
Greece, with the Attica region, concentrating almost
half of the reported visceral leishmaniasis cases (253
cases). In the islands, cumulative incidence rates of
reported cases above eight per 100,000 population
are observed mainly for the island of Kefallonia in the
lonian Sea (7 cases), for the Samos island complex of
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the Aegean Sea (5 cases), and for the island of Crete
(Heraklion prefecture: 24 cases, Lasithi prefecture: 12
cases).

Of a total 5o cutaneous leishmaniasis cases reported
to the surveillance system in Greece between 1998 and
2011, information on prefecture of residence was avail-
able for 47. In the mainland, the prefectures report-
ing cutaneous leishmaniasis cases were located in
Peloponnese (Achaia, Arkadia, Ilia, Argolis, Lakonia),
in central Greece (Aitoloakarnania, Phthiotis, Attiki,
Evia), Thessaly (Trikala) and Macedonia (Thessaloniki
and Serres). In the islands, cutaneous leishmaniasis
cases were reported in Crete (Heraklion, Lasithi) and in
Chios and Samos in the Aegean Sea. All of these pre-
fectures had a cumulative incidence rate of cutaneous
leishmaniasis reported cases below four per 100,000
population, with the exception of the Lakonia prefec-
ture, which exceeded this value (6 reported cases in
total).

Annual incidence rates of leishmaniasis

For the period from 1998 to 2011, the mean annual
incidence rate of laboratory-confirmed leishmaniasis
reported cases, based on data from the national man-
datory notification system, was 0.36 per 100,000 popu-
lation. Of the 563 laboratory-confirmed cases reported
through the mandatory notification system, 523 cases
(93%) were visceral leishmaniasis cases. The annual
incidence rates of reported laboratory-confirmed cases
of visceral leishmaniasis for the years between 1998
and 2011 (n=523) is depicted in Figure 3.

Visceral leishmaniasis annual incidence rate of
reported cases presents fluctuations (mean annual
incidence rate: 0.34, range: 0.17-0.46) and the lowest
values are recorded in 1998 and 2003 (0.21 and 0.17 per
100,000 population, respectively). The low incidence
in 1998 coincides with the beginning of reporting of
leishmaniasis via the national mandatory notification
system, while in 2003, the low incidence coincides with
a reform of this system, whereby notification forms
requiring information on risk factors for the disease,
clinical manifestations and laboratory findings were
introduced. From 2007, a decrease in the incidence rate
below 0.36 per 100,000 population was observed, with
a small re-increase in 2011.

Age and sex distribution and

origin of leishmaniasis cases

Information on sex and age was available for 500 (96%)
of the visceral leishmaniasis cases, among which 330
(66%) were male. Distribution by sex and age is pre-
sented in Figure 4.

The disease was present in all age groups. The age
group comprising individuals below four years-old
had a statistically significantly higher mean annual
incidence rate compared to every other age group (p
value<o.oo1 in all comparisons). The majority of cases
in all age groups were of male sex.
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FIGURE 3

Annual incidence rate of laboratory-confirmed reported cases of visceral leishmaniasis per 100,000 population, Greece,

1998-2011 (n=523)
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The total 523 visceral leishmaniasis cases represented in the Figure are those reported by the mandatory notification system in Greece

from 1998 to 2011.

Four hundred and forty seven cases of the 523 reported
visceral leishmaniasis cases had Greek citizenship and
70 were of foreign origin (for 6 cases the relevant infor-
mation was unknown). Among the 482 visceral leish-
maniasis cases (92%) for which information about
hospitalisation was known, 461 were hospitalised
(96%). The number of reported visceral leishmania-
sis cases showed no apparent seasonal trend. Cases
were almost equally distributed by month of report-
ing (median number of reported cases by month: 43.6,

range: 33-54).

A total of 40 of 563 cases reported by the mandatory
notification system were cutaneous leishmaniasis
cases. Information on sex and age was available for
38 cases, among which 22 were male. The age group
comprising five to 14 year-olds had the highest mean
annual incidence rate (0.044 per 100,000 population),
followed by the age group with 15 to 24 year-olds, with
a mean annual incidence rate of 0.032 per 100,000
population. Twenty four cases were Greek citizens
and 16 were of foreign origin. Twenty one cases were
hospitalised.
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Clinical manifestations, laboratory findings
and risk factors for leishmaniasis

From 2004 to 2011, a total of 330 leishmaniasis cases
were reported via the reformed mandatory notification
system. Information on immune status was available
for 287 cases (87%), of which 44 (15%) were reported
as immunocompromised. Information on the risk factor
‘owning a dog’ was available for 312 cases (94%), with
a total of 209 (67%) cases reporting having a dog at
home. Presence of sandflies in the area of residence
was reported for 216 of the 298 cases for which infor-
mation was available (72%). The respective percent-
age for the presence of stray dogs in the proximity of
the patients’ residence was 75% (229 of 307 cases, for
which information was available).

Among the 330 cases reported from 2004 through
2011, a total of 307 (93%) were cases of visceral leish-
maniasis. Two hundred and twelve (69%) of the lat-
ter were confirmed via serological testing and 121
(39%) via detection of the pathogen on clinical sam-
ples. Regarding clinical manifestations, 253 (82%)
cases were reported with persistent fever, 260 (85%)
with hepatomegaly or splenomegaly, 53 (17%) with

www.eurosurveillance.org



FIGURE 4

Age and sex distribution of reported visceral leishmaniasis cases, Greece, 1998-2011 (n=500)
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for which information on sex was available.

lymphadenopathy, six (2%) with cutaneous nodular
lesions, two (1%) with cutaneous ulcerative lesions and
five (2%) with mucosal lesions.

Among the 23 cases of cutaneous leishmaniasis
reported from 2004 through 2011, five (22%) were con-
firmed via serological testing and 21 (91%) via detec-
tion of the pathogen on clinical samples. Information
on clinical manifestations was available for all 23
cases. Of these 11 (48%) were reported with cutaneous
nodular lesions, 14 (61%) with cutaneous ulcerative
lesions and three (13%) with mucosal lesions.

Discussion

This report aims to provide epidemiological informa-
tion for leishmaniasis in Greece during the last 30
years (1981—2011), by analysing national epidemiologi-
cal surveillance data.

During this period, there were two important alterations
in the way the disease is reported in the country; one
in 1998 (which involved change from aggregated data
collection to case by case data collection) and one in
2003 (which consisted in a reform of the national man-
datory notification system, whereby disease specific
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notification forms were introduced, that included infor-
mation on risk factors, as well as clinical manifesta-
tions of the disease and laboratory findings). Both
alterations aimed to improve the disease’s surveillance
via a more thorough collection of information. We
believe that once the introduced changes were incor-
porated in the system and assimilated by the reporting
physicians, they contributed to a better description of
the disease’s epidemiological features.

The mean annual incidence of reported leishmania-
sis cases per 100,000 population for the years 1998
to 2011 in Greece was 0.36. According to data from
the Centralized Information System for Infectious
Diseases/World Health Organization (CISID/WHO),
the 1998 to 2010 mean annual incidence of reported
leishmaniasis cases per 100,000 population for Italy
and Spain was 0.23, whereas the respective number
for France, for the years 2003 to 2010 was 0.24 [12].
The comparatively higher incidence in Greece may be
the result of a number of factors, including for example
warm climate, a high background of canine leishma-
niasis and changes in agricultural pesticide practices
that in the past contributed to sandfly population sup-
pression [13]. In particular, high prevalence of canine
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leishmaniasis, is becoming a crucial risk factor for
leishmaniasis in humans [14], while serological screen-
ing in canine populations is thought to generally under-
estimate the existing prevalence of the infection [15].

Comparisons between countries are of limited value if
not accompanied by an estimation of the magnitude
of underreporting. In Greece, the magnitude of under-
reporting remains unknown, being crudely estimated by
WHO as mild (1.2-1.8 fold) [16]. In this study, between
2004 and 2009, the Laboratory of Clinical Bacteriology,
Parasitology, Zoonoses and Geographical Medicine of
the Medical School of the University of Crete and from
the Reference Laboratory for Opportunistic Infections
of the Department of Parasitology, Entomology and
Tropical Diseases of the National School of Public
Health reported 101 leishmaniasis cases in addition to
the 260 reported by the mandatory notification sys-
tem. The total number of 361 cases during the 2004 to
2009 period corresponds to approximately 1,4 fold the
number of cases reported to the mandatory system.
Considering that the laboratories reporting these extra
cases are two of the biggest performing Leishmania
identification in the country, the value of 1.4 fold, as an
estimation of the magnitude of underreporting seems
to be consistent with the WHO estimation.

The annual incidence rates of the reported visceral
leishmaniasis cases are presented starting from 1998,
the year of the first reform of the Hellenic surveillance
system. With the exception of the year 2003, where a
low in the incidence rate (0.17 per 100,000 population)
could be attributed to the reporting healthcare workers
adapting to the newly introduced, redesigned notifica-
tion forms, the annual incidence rate of the reported
cases remained in general stable, with a decrease
occurring after 2007 followed by a slight re-increase in
2011.

Only 40 (7%) of the 563 cases reported from 1998 to
2011 were cutaneous leishmaniasis cases. It is notable
that a considerable number of cutaneous leishmaniasis
reported cases (16 of 40) were of foreign origin, with a
possibility of being imported.

Data from the mandatory notification system cannot
be considered a reliable source of information regard-
ing the responsible pathogens, as the relevant field on
the mandatory notification form is rarely completed
by the reporting physicians. In a survey conducted in
the island of Crete, covering the period from 1986 to
2010, all isolated strains (n=16) from visceral leishma-
niasis patients were of L. infantum type, while isolated
strains from cutaneous leishmaniasis patients (n=s5)
were of L. infantum (n=3) and L. tropica type (n=2) [5].

Regarding visceral leishmaniasis, all age groups were
affected, with 375 of 5oo (75%) of the cases being
older than 14 years-old. This is a finding that does not
seem to conform to the findings of studies in other
Mediterranean countries, such as Turkey and Malta,
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where the majority of visceral leishmaniasis cases is
below this age [17,18]. Compared to every other age
group, the age group comprising less than four year-
olds in Greece had a statistically significantly higher
mean annual incidence rate. Cutaneous leishmaniasis
infection is reported to be more frequent in the age
groups of five to14 and 15 to 24 year-olds, a finding
that seems to be in line with data from Turkey, where
the infection is reported to be more frequent in the age
group of 10 to 19 year-olds [18].

During the period from 1998 to 2011, Attica concen-
trates almost half of the reported visceral leishma-
niasis cases, with western Attica and western Athens
presenting incidence rates above 12.00 per 100,000
population, whereas their incidence rate was lower in
the first study period from 1981 to 1997. This observed
cumulative incidence rate increase between the two
periods could be probably explained by an increase in
seroprevalence in dogs in Attica [19]. In the island of
Kefallonia in the lonian Sea and in the island complex of
Samos in the Aegean Sea, stable cumulative incidence
rates of the disease’s reported cases of above 8.00 per
100,000 population are observed across the two study
periods, a finding that should be interpreted with cau-
tion, as in the case of rare diseases, areas with small
populations appear to have high incidence rates even
when a small number of cases occurs. Another simi-
lar example is that of the Evritania prefecture, with a
population of approximately 20,000 people. Although
Evritania has a zero cumulative incidence rate after
1998, it appears as a high cumulative incidence rate
prefecture before 1998, although only three cases of
the disease were reported since 1981.

A cumulative incidence rate increase after 1998 is
observed in the prefectures of the island of Crete,
which could be explained by an increasing tendency
in seroprevalence and incidence in dogs in Crete [20].
Another possible explanation could be a reporting and
diagnostic bias, due to the location in the island of
the Laboratory of Clinical Bacteriology, Parasitology,
Zoonoses and Geographical Medicine, which was
established there in the early 1990s.

Finally, comparing visceral and cutaneous leishmania-
sis geographical distribution during the period from
1998 to 2011, it is notable that cutaneous leishmaniasis
has a rather sporadic geographical distribution, with a
large number of prefectures appearing free of cases.

In 2003, notification forms were redesigned to include
laboratory data and risk factors related to leishmaniasis
infection. Being immunocompromised was reported by
15% of the cases for which immune status was known,
although no data is collected through the mandatory
notification system regarding co-infection with human
immunodeficiency virus. 75% of cases for which rel-
evant information was available, reported presence of
stray dogs in the proximity of their residence, whereas
the percentage of cases owning a dog was lower (67%).
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As stray dogs live outdoors, the possibility of expo-
sure and infection is expected to be much higher than
in pets that are used to stay indoors [17]. According
to data from the Hellenic Veterinary Association, the
total number of owned dogs in Greece is estimated to
be around 500,000, leading to a crude estimation of
approximately 15% of the general population having a
dog at home. Analytical studies could shed more light
regarding interdependence between presence of dogs
and acquisition of human infection.

The emergence of leishmaniasis in non endemic
European countries as well as the re-emergence of
the disease in the Mediterranean region of Europe
have recently been identified as possible scenarios,
whereas there are indications that the disease has
been more or less neglected at the public health policy
level [6,18]. In order to be able to perform an effective
risk assessment at the European level, the availability
of data about leishmaniasis and its spatial distribu-
tion in Europe and the Mediterranean region is cru-
cial. Having robust and effective national surveillance
systems is an important step in this direction and
efforts to improve surveillance should be systematic
and continuous. Linking laboratory data with clinical
surveillance, as well as coordinating the exchange of
information between the human public health and the
veterinary public health sector are some of the chal-
lenges that the Greek surveillance system has to meet
in the future.
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The prevalence of asymptomatic leishmaniasis in
the general population of Croatia has not been stud-
ied to date. To assess the prevalence of Leishmania
infantum specific 1gG antibodies among immuno-
competent residents of Croatia, sera from 2,035 per-
sons (eastern coast of Adriatic Sea, n=1,186; Adriatic
islands, n=653; mainland, n=196), were tested by an
enzyme immunoassay. A total of 231 (11.4%) persons
had anti-Leishmania antibodies. Multivariate analysis
revealed that seropositivity was associated with geo-
graphic location and age. Residents of coastal areas
and islands were significantly more seropositive than
mainland residents (odds ratios (OR) 20.37 to 28.51).
Moderate to high anti-Leishmania seroprevalence
was found throughout the eastern Adriatic coast and
islands (4.0% to 22.2%) including the sites previously
considered non-endemic. A highly endemic focus was
identified in central coastal Dalmatia (seroprevalence
22.2%; OR: 1.72; 95% confidence interval (Cl): 1.33-
2.22). Regarding age, children aged o0-9 years were the
most vulnerable group for asymptomatic Leishmania
infection (OR: 2.19; 95% Cl: 1.16-4.14).

Introduction

Leishmaniasis is caused by Leishmania spp.,
hemoflagellate protozoa belonging to the family
Trypanosomatidae. Infected phlebotomine sandflies
serve as vectors for the transmission of all Leishmania
species. Human leishmaniasis can be divided into three
main disease manifestations: (i) visceral leishmaniasis
(VL), (ii) cutaneous leishmaniasis (CL) and (iii) mucocu-
taneous leishmaniasis (ML). The strain of the infecting
organism and the host’s immunologic status greatly
influence clinical manifestations.

Zoonotic VL caused by Leishmania infantum is endemic
in Mediterranean countries of Europe and domestic
dog is the main reservoir [1-3]. During the last dec-
ade, there have been reports of spreading leishma-
niasis northward into previously non-endemic areas of
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central and northern Europe [1-3]. It is well known that,
besides clinical cases of VL, asymptomatic infections
are common in endemic areas [2,3].

Croatia encompasses 56,538 km2. According to the
2011 census, it had a population of 4,284,889 [4].
Geographically, Croatia is composed of three areas:
the Adriatic coastal zone with islands in the south,
the Pannonian Plain in the north, and the mountain-
ous region in-between. The Croatian littoral comprises
a relatively narrow land belt with islands along the
eastern coast of the Adriatic Sea (Figure). The littoral
is traditionally divided into two large areas based on
geography, ecology and cultural heritage: the northern
(Istria and Primorje counties) and the southern part
(Dalmatia) which is further subdivided into northern,
central and southern Dalmatia. The Adriatic islands and
the coastal zone are characterised by Mediterranean
climate which provides good living conditions for sand-
fly vectors of Leishmania [5,6]. Continental Croatia
has temperate continental or continental climate and
is usually considered free of phlebotomine vectors of
Leishmania.

Human VL and canine VL has been reported in central
and southern coastal and insular Dalmatia (from Split
to Dubrovnik) since 1930 [7]. From 1931 to 1957, 398
human VL cases were diagnosed in this region [8]. A
case of CL was firstly recorded in 1945 and 201 CL cases
were recorded by 1957. After the late 1950s, the number
of VL cases declined, probably because of mass spray-
ing with antimalarial insecticides [8]. Since 1990, stud-
ies have identified re-emerging foci of both human and
canine VL in central and southern Dalmatia [9-11].

In Croatia notification is compulsory for both VL and
CL, although these diseases are not included in the
decisions of the European Parliament for reporting
communicable diseases [12, 13]. Medical practition-
ers are notifying human leishmaniasis cases through
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Croatia’s health information system or directly to the
epidemiologist in the regional public health institutes.
Cases are defined as probable which is a case clinically
compatible in endemic region or with epidemiological
connection to a confirmed case, and confirmed that
is a case laboratory-confirmed by positive parasito-
logical (microscopy or cultivation) and serological (IFA,
ELISA) tests. Case definitions for CL are similar, exclud-
ing the serological tests [13]. According to data periodi-
cally published by the Croatian National Institute for
Public Health there were between one and four new
cases of VL reported each year in Croatia in the last
decade [14]. The estimated mean annual incidence of
human leishmaniasis is 0.4 per 100,000 population [5].
Leishmaniasis in Croatia is described as predominately
paediatric disease: almost half of VL patients are chil-
dren up to the age of 10 years and the disease is more
often found in men [9,10]. Most of the reported cases
occurred among inhabitants of the Croatian coast and
islands [9,10]. Besides this, few VL cases were diag-
nosed in Austrian [15] and Hungarian [16] tourists after
returning from the Dalmatian littoral.

Recently, three Phlebotomus species, known to serve
as vectors for L. infantum were found in central and
southern coastal and insular Dalmatia [5]. A veteri-
nary seroepidemiologic survey conducted in central
Dalmatia among apparently healthy dogs using dot-
ELISA, found canine seroprevalence ranging from zero
to 42.85%, which was in accordance with previous rec-
ognition of central and southern coastal and insular
Dalmatia as a high endemic foci of L. infantum for dogs
[11]. In contrast to high seroprevalence ratios in dogs,
no information about the prevalence of the infection
in otherwise healthy human inhabitants of different
Croatian regions is available.

TABLE 1

The aim of this study was to assess the prevalence of
IgG antibodies to L. infantum among healthy people
living in different regions of Croatia, and to compare
the seroprevalence in endemic regions with that in
non-endemic regions. This is the first investigation on
asymptomatic leishmaniasis in residents of Croatia.

Methods

The target population for our study was the apparently
healthy general population in previously recognised
endemic and non-endemic areas for leishmaniasis in
Croatia. The studied areas known as endemic areas:
insular Croatia, and central and southern Dalmatia,
as well as areas previously considered nonendemic
but with favourable Medieranean climate: northern
Dalmatia, Istria and Primorje. Two counties in north-
ern Croatia with continental climate where sandflies
were considered rare or absent: Brod-Posavina County
(centre Slavonski Brod) and the most north-west-
ern Medimurje County (centre Cakovec), were also
included.

Serological survey

Serum samples were collected from 2007 to 2009 to
examine the prevalence of IgG antibodies to L. infan-
tum in Croatia. We used ‘residual’ sera of apparently
healthy, immunocompetent individuals who did not
show any symptoms of leishmaniasis and came to hos-
pitals or clinics for routine laboratory check-ups or for
blood donation. Participating hospitals’ or clinics’ lab-
oratories were selected according to their geographic
location: 14 served population along the Adriatic coast
and two were from non-endemic parts of Croatia.
Laboratories provided data on age, sex and site of resi-
dence for the study participants.

Sex distribution in the study population (n=2,035) compared with that of the total Croatian population

Individuals Percentage (95% CI) Census Percentage
tested (%) 957% population (%)

All
Adriatic coast 1,186 571 48.15 45.30% 50.99% 1,247,133 605,605 48.56
Adriatic islands 653 268 41.04 37.27% 44.81% 113,875 56,658 49.75
Croatian mainland? 196 137 69.90 63.48% 76.32% 2,923,881 1,404,072 48.02
Region/Site of residence
Adriatic coast
Istria and Primorje 117 47 40.20 (31.32% 49.08%) 467,678 226,115 48.35
Nothern Dalmatia 159 84 52.80 (45.04% 60.56%) 255,158 124,849 48.93
Central Dalmatia 571 293 51.30 (47.20% 55.40%) 419,131 203,513 48.56
Southern Dalmatia 339 147 43.40 (38.12% 48.68%) 105,166 51,128 48.62
Croatian mainland
Brod-Posavina county? 107 96 89.70 (84.0% 95.5%) 158,575 77,115 48.60
Medimurje county 89 41 46.10 (35.7% 56.4%) 113,804 55,601 48.90

Cl: confidence interval.

2 Healthy donor effect bias present in Brod-Posavina county as blood donors constituted the majority of the sample.

www.eurosurveillance.org

25



To determine the target sample size for each region we
used published statistical tables, which provide mini-
mal sample sizes that are necessary for given combi-
nations of precision, confidence levels, and variability.

A minimum of 1,100 individuals were selected as the
target sample size for the coastal region with previ-
ously recognised endemic foci in order to reach the
precision level of +3% under assumption of the confi-
dence level of 95%, p=o0.5 and the size of population
greater than 100,000 inhabitants. For islands, the tar-
geted precision on population with more than 100,000
inhabitants was 5% resulting in @ minimum sample
size of 400, whereas for the reference non-endemic
continental region, under the assumption of maximum
seroprevalence of 2%, the targeted sample size was 84
to reach the £3% precision level.

Convenience sampling was used to select respondents
in the most economically, technically, and operation-
ally feasible method [17].

To estimate whether the study sample represents the
research setting population, we compared the percent-
age of men estimated from the study sample with the
2011 census data (Table 1).

We classified sites based on their seroprevalence as
‘high endemic focus’ and ‘moderate seroprevalence’.
We derived these definitions combining the data from
the literature with the results of this study. In particu-
lar, in a study by Federico et al. a seroprevalence of L.
infantum infection of 4% in the Rome and Caltanissetta
area was marked as ‘moderate’ [18] whereas Marty
et al. detected a seroprevalence of 38% in the high
endemic focus of Alpes-Maritimes, using Western
blot technique, which is more sensitive than the tech-
nique used in this study [19]. The seroprevalence rate
in the majority of our coastal areas was around 7%
and defined as ‘moderate seroprevalence’. The one
area with a seroprevalence of 22% had a significantly
higher seroprevalence in comparison with surrounding
areas, all of which were classified as ‘moderate sero-
prevalence’. Therefore, that site was defined as a ‘high
endemic focus’ and the definition was further sup-
ported by epidemiological data since the majority of
cases of VL in Croatia are reported from ‘high endemic
foci’ [5,9-11].

Sera were tested for the presence of IgG antibodies to
L. infantum by commercial enzyme-linked immunosorb-
ent assay (Novalisa Leishmania infantum 1gG, NovaTec
Immunodiagnostica GmbH, Dietzenbach, Germany),
according the manufacturer’s instructions. Declared
specificity and sensitivity of the test were 85% and
91% respectively. A serum was considered positive
when the ratio between the optical density (OD450)
value of the serum and the cut-off was »1.1.

The study was approved by the ethics committees of
the Split University School of Medicine and of the Split
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University Hospital. Individual informed consent was
not required according to the ethical committee.

Statistical analyses

Data were analysed with statistical package SPSS 19.0
(SPSS; Chicago, Illinois, US). Associations of seroposi-
tivity with sex or geographic region were tested by
Pearson’s chi-square test whereas the significance of
difference in median age of participants by seropositiv-
ity was tested by Mann-Whitney U test. The strength of
association between seropositivity and the site of resi-
dence was estimated by odds ratio (OR), 95% Cl and
p-values. For each site observed seroprevalence was
compared to unweighted average rate in the accompa-
nying region (i.e. coastal or continental) and ORs were
calculated from the standard 2x2 table.

A multiple logistic regression analysis was used to
evaluate the potential risk factors associated with
Leishmania infection, including age as categorical vari-
able, sex, and region of residence. Significance level
was set at 0.05. In case of multiple testing, we adjusted
the p-values with the Bonferroni correction.

Results

Blood specimens from 2,035 persons (975 men and
1,060 women) were collected. These included 1,186 per-
sons in the coastal area from Istria to the Montenegro
border, 653 on Adriatic islands and, for comparison,
196 residents of two northern continental Croatian
counties (Table 2). The survey enrolled persons from
all age groups, ranging from eight months to 88 years,
with the median of 42 years (interquartile range (IQR):
21-59). The large deviation from the census data was
observed only in the reference site in Brod-Posavina
County, in which blood donors were overrepresented.

Of the total of 2,035 sera of healthy residents, anti-
L. infantum 1gG antibodies were found in 231 (11.4%).
Seroprevalence differed significantly among Croatian
sites ranging from 0.0% in Brod-Posavina County to
22.2% in central Dalmatia (x2=112.24; df=13; P<0.001)
(Figure, Table 1). Overall, according to the place of resi-
dence, we found a strong association between sero-
positivity and residence in island, coast, or continental
areas (x2=35.41; df=2; P<0.001). Post hoc chi-square
analysis revealed that inhabitants of coastal areas
had significantly higher seroprevalence than island-
ers (x2=9.27; df=1; Pcorr=0.007) or those from the
two continental regions (x2=29.43; df=1; Pcorr<o.001).
Furthermore, islanders had significantly higher sero-
prevalence than continental inhabitants (x2=17.37;
df=1; Pcorr<o.001).

To analyse the spatial distribution pattern of Leishmania
infection in more detail, we estimated strength of
associations of seropositivity with the site of residence
in particular regions: coastal, continental, or islands
(Table 3). Only in Adriatic coastal counties seropreva-
lence of sites differed significantly from the average
regional rate. While central Dalmatia inhabitants had
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FIGURE

Geographic distribution of seroprevalence for anti-Leishmania IgG in asymptomatic healthy individuals, Croatia, 2007-
2009 (n=2,035)
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the highest prevalence of antibodies and the highest
risk for Leishmania infection (OR: 1.72; 95% Cl: 1.33 to
2.22; p<0.001), residents of the rest of coastal areas
had lower risk (OR: 0.27 to 0.52; p-value: 0.002 to
0.006) as compared to the average rate in the coastal
region. Although these results clearly indicated cen-
tral Dalmatia as a high endemic focus for Leishmania
infection, the observed seroprevalence in other coastal
areas (ranging from 4.3% to 8.0%) also indicated these
areas as endemic sites where the seroprevalence was
higher than in continental Croatia.

Regarding sex and age as potential risk factors, we
found no association of seroprevalence with sex
(x2=0.11; df=1; p=0.739). Among 975 men, antibod-
ies were found in 113 (11.6%) sera, while among 1,060
women, antibodies were found in 118 (11.1%) sera.
This finding was further confirmed by the multivari-
ate model with seropositivity as dependent, and age,
sex and geographic location as independent variables.
Multivariate logistic regression analysis of Leishmania
seropositivity in association with age, sex and geo-
graphic location is shown in Table 4.

In contrast to sex, we found significant differences in
the median age of seropositive and seronegative per-
sons: 40 years (IQR: 16-58), and 42 years (IQR: 22-60),
respectively (Mann-Whitney U test, p=0.039). This
indicated age as a risk factor for Leishmania infec-
tion. Additionally, in the multivariate model with age,
sex and geographical region as covariates, age was a
significant predictor of seropositivity (overall signifi-
cance p=0.022). The rates of seroprevalence for each
age group of participants as well as the associated OR
with 95% Cl adjusted for covariates are shown in Table
4. Results show that Leishmania seropositives are
most likely in o to 9 year-olds (17.5%; OR: 2.19; 95%
Cl: 1.16-4.14). It is noted that anti-Leishmania anti-
bodies were found in nine of a subgroup of 71 children
under the age of four, including one girl aged one year
old. The data also show that Leishmania seropositiv-
ity does not continuously change with age. Instead, a
bimodal distribution is indicated with comparable high
risk of asymptomatic infection in those aged o to 9, 10
to 19 and 4o to 49 years (OR: 1.84 to 2.19; all p-values
<0.05). In contrast, people of all other age groups had
similar risk for Leishmania infection to those in the 30
to 39-year-old reference age group (OR: 1.00 to 1.33;
p-values: 0.374 to 0.992).

Discussion

To our knowledge, this is the first study of the preva-
lence of asymptomatic Leishmania infection in the gen-
eral population of Croatia. In order to determine the
Leishmania infection distribution, residents of various
geographical and ecological areas were included in a
serological survey. The findings of this study reveal a
strong association of seropositivity with geographic
region (east Adriatic coastal and islands areas) and
age group. The presence of seropositive people in
northwestern coastal and island regions (Istria and
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TABLE 3

Seroprevalence of anti-Leishmania I1gG by residence compared with unweighted average in the associated region, Croatia,

2007-2009, (n=2,035)

p-value (0] 95% Cl
Region/Site of residence
Adriatic coast Reference: seropositivity 14% (95% Cl, 12-16%)
Istria and Primorje 0.002? 0.27 0.11-0.67
Northern Dalmatia 0.006% 0.4 0.21-0.78
Central Dalmatia <0.001? 1.72 1.33-2.22
Southern Dalmatia 0.002° 0.52 0.34-0.80
Adriatic islands bseropositivity 9% (8-11%)
Croatian mainland Reference: seropositivity 0.2% (0.1-0.9%)
Brod-Posavina county 0.758 o] NA
Medimurje county 0.849 2.22 0.14-35.83

Cl: confidence interval; NA: not applicable; OR: odds ratio.
2 Significant at level 0.01.
b Site samples were too small for reliable comparison.

Primorje) where cases of VL have not been reported
yet, suggests that Leishmania transmission toward
north may have occurred.

A highly endemic focus in central Dalmatia was con-
firmed in accordance with previous reports of both
canine and human leishmaniasis in central and south-
ern Dalmatia’s coast and islands [5, 7-11]. However,
the northwestern part of the Adriatic littoral, includ-
ing Istria, Primorje, and northern Dalmatia, was con-
sidered a non-endemic region [5, 7-11]. In 2002, a
case of VL was diagnosed in a patient who had no
history of travel to known endemic regions and appar-
ently had contracted the infection during his stay on
the Velebit Mountain in northern Dalmatia [20]. Our
results confirm this observation as they indicate that
asymptomatic Leishmania infection is found through-
out the eastern Adriatic coast and islands. Depending
on the geographical location, a moderate to high (4%-
22%) prevalence of asymptomatic infection has been
observed.

Data from seroepidemiological studies conducted in
other Mediterranean countries have also shown a vari-
able prevalence (from o.5 to 56%) of Leishmania infec-
tions depending on the geographic regions studied and
on the test used for detection [3,21]. In our study we
used a commercial ELISA as a relatively simple method
for testing a large number of sera. Convenience sam-
pling was used for selecting respondents. Despite
some of its limitations, in a study by Kelly et al. it was
shown that a convenience sample of sera from diagnos-
tic laboratories was an appropriate sampling strategy
to provide population immunity data to inform coun-
try’s health policies [17]. Although the healthy donor
effect bias was present in Brod-Posavina County, blood
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donors represented only a minority in other sites and
are not expected to have influenced results.

The highest prevalence of 22.2%, significantly higher
than in other coastal zones, was found in central
Dalmatia. In comparison with other coastal areas, cen-
tral Dalmatia has a high background of canine leish-
maniasis and sandflies [5,6,11] which are likely to be
associated with high prevalence of asymptomatic
Leishmania infection among residents in this area.
Central Dalmatiais also an active focus with the highest
number of human VL cases in Croatia [9,10,14]. Most of
VL cases diagnosed in Croatia during the study period
from 2007 to 2009 occurred in central Dalmatia: seven
cases were diagnosed with a mean annual incidence
of 0.5 per 100,000 population (unpublished data). In
southern Dalmatia, Leishmania exposure was higher
than expected (8% seroprevalence), despite the lack
or small number of clinical cases and apparently lower
risk of infection than observed for central Dalmatia.

As expected, the seroprevalence was significantly
lower in residents of continental areas of Croatia; in
fact all but one person (a 40 year-old woman) were
seronegative. As these regions are not considered to
be endemic for sandflies, we cannot exclude the possi-
bility that the one seropositive person could have been
infected while traveling to the Croatian littoral where
people from continental areas often spend their sum-
mer vacations.

The same possibility of travel-acquired infection with
consecutive seroconversion has to be taken in account
when the seemingly northward spread of asympto-
matic leishmaniasis is interpreted. One could also
speculate that autochthonous Leishmania infection
may occur due to the observed spread of sandflies to
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TABLE 4

Seroprevalence of anti-Leishmania IgG by age, sex and region of residence, Croatia, 2007-2009 (n=2,035)

Age group (years) Sera tested IgG positive (%) p value (0] 95% Cl
0-9 177 31 (17.5) 0.0162 2.19 (1.16-4.14)
10-19 272 39 (14.3) 0.048° 1.84 (1.01-3.38)
20-29 250 18 (7.2) 0.992 1.00 (0.50-2.01)
30-39 246 17 (6.9) Reference

40-49 242 37 (15.3) 0.015° 2.13 (1.16-3.93)
50-59 315 30 (9.5) 0.621 1.17 (0.63-2.19)
60-69 205 19 (9.3) 0.631 1.18 (0.60-2.36)
>70 290 30 (10.3) 0.374 1.33 (0.71-2.51)
Sex

Men 975 113 (11.6) 0.61 1.08 (0.81-1.44)
Women 1,060 118 (11.1) Reference

Region

Adriatic islands 653 61(9.3) 0.003? 20.37 (2.78-149.2)
Adriatic coast 1,186 169 (14.2) 0.001? 28.51 (3.95-205.79)
Continental sites 196 1 (0.5) Reference

Cl: confidence interval; OR: odds ratio.

2 Significant at level p<o.o5.

some regions at the North of Croatia [1,2], especially
in light of the recent finding of Phlebotomus spp. in
southern Hungary near the Croatian border [16].

In agreement with other reports [21-24] our study
shows that there is no difference in the prevalence of
asymptomatic Leishmania infection between men and
women.

In respect to age, our prevalence results differ from
findings in other studies. In the present study a
bimodal distribution of Leishmania seropositivity by
age, with peaks in young (0-19 years) and middle-aged
(40-49 years) population, was suggested for asympto-
matic population. Several studies reported the age dis-
tribution of seroprevalence to Leishmania in a healthy
human population so far. The authors mainly noted a
higher prevalence in older people suggesting that sus-
ceptibility to L. infantum infection increases with age
[21-23] or they claimed no association with age [24,25].
Furthermore, Davies et al. suggested seroprevalence
drops rapidly with age [26]. In some of these studies
[21,23] age groups under 18 years were not included
and/or samples were not equally distributed by age,
resulting in different precision of seroprevalence esti-
mate between different age groups. A study in Brazil,
using a non-commercial ELISA found that 28.5% sera of
638 tested children aged between o and 5 years were
positive, and concluded that infection is associated
with the age of 22 years [27]. In our study, seroposi-
tives were most likely to be aged o to 9 years. Since in
Croatia VL is still predominantly paediatric disease [6,7]
it cannot be excluded that some of the seropositives in
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this age group might become symptomatic, therefore
further differently designed studies with follow up of
such participants are needed.

It can be concluded that compared to other parts of
Croatia, seroprevalence is significantly higherin central
and southern coastal as well as insular areas. This indi-
cates the presence of asymptomatic L. infantum infec-
tion in humans and confirms the endemicity of these
areas. This finding may be of particular importance in
light of the increasing popularity of the Croatian coast
and islands, from Istria to Dubrovnik, as a holiday des-
tination for travellers from Leishmania-free areas or
countries. Our data should alert physicians to consider
leishmaniasis in the differential diagnosis of condi-
tions such as unexplained febrile illness especially in
immunocompromised subjects returning from these
endemic areas. In addition, seropositivity observed in
non-endemic areas and the higher seroprevalence in
children should be investigated in the future. Therefore,
further studies including clinical, parasitological,
epidemiological and entomological investigation are
required for elucidating the cycle of transmission, the
maintenance and the role of Leishmania in human and
animal health in different Croatian regions.
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Starting from 1989 Italy experienced an increase of
visceral leishmaniasis (VL) cases over a baseline of 10
to 30 cases reported annually. The number of cases
peaked in 2000 and 2004 with more than 200 cases/
year, and subsequently declined to reach on average
one third of the 2000 peak value in the period after
2010. A retrospective analysis from 1982 to 2012
showed that the multi-annual epidemic consisted of
major components including (i) an outbreak involv-
ing infants and immunocompetent adults in parts of
the Campania region (southern peninsular Italy) and
that appears to have declined naturally, (ii) a second
outbreak affecting human immunodeficiency virus
(HIV)-infected individuals throughout the country, that
declined owing to the use of highly active antiretrovi-
ral therapies (HAART), (iii) a generalised increase of VL
cases in immunocompetent individuals and patients
affected by associated conditions other than HIV from
endemic regions of peninsular and insular Italy (other
than Campania), which was due to a geographical
spreading of VL foci, with no major case-clusters or
outbreak features. A minor component consisted in the
appearance of a few autochthonous cases in formerly
non-endemic areas, starting from the early 199o0s.
Epidemic determinants and reasons for VL decline
in the Campania region remain largely unexplained,
despite the information available on canine reservoir
and phlebotomine vectors in Italy.

Introduction

Visceral leishmaniasis (VL) is a protozoan disease
transmitted by phlebotomine sandflies and caused by
members of the Leishmania donovani complex. The dis-
ease results from the systemic intracellular infection
of the macrophage-rich organs. The incubation period
is long (an average of 3-8 months, reaching up to »10
years in case of reactivation from latent infections) and
the chronic appearance of signs and symptoms makes
a clinical suspicion difficult in low or non-endemic
areas. Epidemiological features and determinants of
VL outbreaks are largely diverse. Epidemics of anthro-
ponotic VL caused by L. donovani sensu stricto (a
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species recently introduced in the Mediterranean [1])
have long been known to occur as multi-annual waves
with, as seen in outbreaks in India and East Africa,
thousands of cases in wide areas, followed by inter-
epidemic periods of five to 20 years [2-5]. On the other
hand, zoonotic VL, a disease caused by L. infantum for
which domestic dogs act as the main reservoir hosts,
exhibits a typical pattern characterised by isolated or
small localised clusters of cases (usually less than 10),
with large epidemics uncommon in the Mediterranean
area [6]. The first documented outbreak of zoonotic VL
occurred within the 1971 to 1972 period, near Bologna,
Italy, with 60 clinical cases (13 deaths) diagnosed from
villages where only a total of four cases had been docu-
mented in the previous 5o years [7]. Determinants of this
outbreak have remained unexplained. Investigations
led to the discovery and first worldwide description of
asymptomatic VL cases [8]; indeed, chronic L. infantum
asymptomatic infections have been shown thereafter
to be widespread in southern European countries [9].
Very recently (2010—2012) another localised VL out-
break with more than 100 cases has occurred near
Madrid, Spain, where major determinants have been
identified in environmental changes and the unusual
role of hares as reservoir hosts [10].

Between 1989 and 2009, Italy experienced an increase
in the number of VL cases over a baseline of about 10
to 30 cases reported annually since the 1950s. The
number of cases peaked in 2000 and 2004, when
more than 200 cases/year were observed and there-
after began to decline. The bell shape of the epidemic
wave, of 20-years in width, and the substantial lack
of aggressive control programmes that could justify
the general decline of VL incidence, strongly resem-
ble in trend the historical L. donovani multi-annual
epidemics, although the number of cases involved is
dramatically lower. Indeed, there is still not enough
knowledge on the epidemiology of L. infantum, and our
surveillance data show that epidemics can presentin a
different way than expected. In this paper, we have ret-
rospectively analysed both published and unpublished
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information collected by our unit within the frame of VL
epidemiological research and surveillance in Italy, in
order to identify possible determinants explaining the
recent trend of the disease in the country.

Methods

Study design

Human VL data collection was based on available notifi-
cations, review of published literature and unpublished
information. Basic data for all patients included at least
the year of diagnosis and the patient’s residence at
the level of the first administrative unit (region). More
detailed information regarding selected patient groups
were analysed from both published and unpublished
data collected by our unit since 1982. Canine reservoir
data collection was based on the review of published
literature and unpublished information available at our
unit or obtained from public veterinary reference cen-
tres in Italy.

Human data

VL is a compulsory notifiable disease in Italy since
1956. Diagnosed cases are recorded at the provincial
local health units to which hospitals belong; notifica-
tions are gathered at regional level and subsequently
centralised at the Ministry of Health. However under/
late reporting may occur from some provinces or when
VL is diagnosed in patients suffering from associated
conditions such as human immunodeficiency virus
(HIV) co-infection, or organ transplant.

Online notifications centralised at the Italian Ministry
of Health (last update: 2009 [11]) and notifications
available upon request at the regional or provincial
local health units registries until 2012, were inte-
grated with information stored in the database of
our unit at Istituto Superiore di Sanita, which holds
detailed patient’s information from an average of 50%
(annual range: 43-69%) of cases annually notified in
Italy, thanks to centralised VL diagnosis and medical
surveillance activities performed by our laboratories
[12]. Diagnosis in clinically-suspected patients was
routinely performed on clinical samples sent by hos-
pitals (paediatrics, internal medicine, and infectious
diseases wards) from throughout the country. Serology
(immunofluorescent antibody test, IFAT) and micros-
copy, culture and polymerase chain reaction (PCR) (the
last technique being employed routinely since 1997)
on bone-marrow and/or peripheral blood (buffy coat)
material were used in combination as recommended
by World Health Organization guidelines [13,14]. If VL
was confirmed, relevant information on patients was
obtained, which included demographic data, place of
hospitalisation, putative place of infection, concomi-
tant/underlying conditions, drug regimens used and
post-therapy results. Isolation of parasites from VL
clinical samples was also routinely performed, result-
ing in a large collection of 871 Leishmania strains from
different Italian areas and patient categories. Parasites
were identified by multi-locus enzyme electrophoresis
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(MLEE) following the standard Montpellier (MON)
nomenclature [15], and/or by molecular techniques
suitable for L. infantum identification including PCR-
restriction fragment length polymorphism (RFLP) of a
repetitive DNA sequence [13] or by internal transcribed
spacer 1 (ITS-1) nested-PCR-RFLP [16].

Data on canine leishmaniasis

Besides the analysis of published literature, that was
employed to map historical canine leishmaniasis (CanL)
seroprevalence rates, recent information on diagnosis
in dogs was obtained for the period from 2005 to 2011
(and updated in 2012) from the network of 10 institutes
for zooprophylaxis as well as from six collaborating
faculties of veterinary sciences. The main objective,
to be accomplished in the frame of the European sev-
enth framework programme (FP7) project EDENext,
consisted in the country-wide mapping of communes
(lowest administrative level) with undisputable pres-
ence of autochthonous CanL as an indicator of endemic
transmission.

Results

General trend of visceral leishmaniasis in Italy
Laboratory-confirmed recorded cases of VL in lItaly
from 1982 to 2012 are shown in Figure 1. Between 1950
and 1981, the number of annual cases ranged between
10 and 30 cases/year [17]. Starting from 1989 (44
cases), a steady increase was observed with a peak in
2000 and again in 2004 involving 215 and 204 cases,
respectively. A progressive decline in the annual num-
ber of cases occurred during the subsequent eight
years, reaching on average one third of peak cases in
the period between 2010 and 2012.

Major components of the epidemic trend
Three major components of the epidemic curve were
identified including (i) an outbreak involving parts of
three provinces of the Campania region, (ii) an HIV-VL
co-infection epidemic and (iii) a generalised increase
of VL in regions of peninsular and insular Italy.

Epidemic involving parts of three

provinces of the Campania region

Starting from 1989, an increase of VL cases occurred,
resulting in not only major hospitals with experience in
VL management, receiving cases. As some cases were
misdiagnosed and/or received inappropriate treatment
[18], a dedicated surveillance was implemented in the
Campania region consisting in VL testing centralised at
Istituto Superiore di Sanita in Rome. The surveillance
disclosed the beginning of an epidemic trend that, from
1989 to 1990, involved areas of three provinces, namely
Naples (Vesuvius area), Caserta (inland area) and
Salerno (coastal area). Case clusters were identified in
several villages or peri-urban districts reaching an inci-
dence of two VL cases/1,000 population in some years.
A striking feature was that this epidemic was unrelated
to HIV co-infections [19], which were occurring also in
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FIGURE 1

Distribution of annual number of laboratory-confirmed visceral leishmaniasis cases in Italy, 1982-2012 (n=3,122)
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the form of an epidemic in other Italian regions in the
same period. Parasite identification carried out on 225
strains up to the year 2003, revealed that about half of
the cases (110 strains) were due to a novel zymodeme
of L. infantum (MON-72) found also in dogs and in phle-
botomine vectors from Campania foci [20,21]. The anal-
ysis of clinical records did not suggest any particular
virulence of this zymodeme as compared to the com-
monest agent of Mediterranean VL, zymodeme MON-1.

Altogether 789 cumulative cases were diagnosed dur-
ing the long outbreak period from 1989 to 2008 (Figure
1). After a peak of 83 cases in 2000, the annual num-
ber of cases dropped slowly to less than 10 cases/
year after 2009. Since, the disease has become spo-
radic in all age groups, including children, and disap-
peared from most of the former ‘outbreak villages and
districts’ although it emerged with a few cases in the
remaining two provinces of Campania region (Avellino
and Benevento).

Human immunodeficiency virus-visceral
leihmaniasis co-infection epidemic

A dedicated surveillance network centralised at World
Health Organization headquarters, Geneva, was estab-
lished after a meeting held at Istituto Superiore di
Sanita, Rome, in 1994. From the beginning, our unit
participated in the network by reporting information
collected through a national monitoring system [22].
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First HIV-VL cases were recorded in 1985. A sharp
increase in the annual number of cases was observed
in 1991 followed by two peaks in 1994 (33 cases) and
1997 (34 cases). The introduction and generalised use
of highly active antiretroviral therapy (HAART) for HIV
infection at a time between 1997 and 1998 resulted in
a clear decrease in the incidence of HIV-VL co-infec-
tions. Since 2001, a plateau of about 10 cases/year
or less has been observed until present (Figure 1).
Cases were recorded from several regions of Italy, with
higher incidences in Sicily, Lombardy and Latium. In
all the epidemic phases, clinical and epidemiological
features of HIV-VL were very similar to those of other
Mediterranean affected countries, such as Spain and
France, and have been reviewed for all cases recorded
up to 2006 [23]. VL relapses, which occurred invariably
in acquired immunodeficiency syndrome (AIDS) indi-
viduals before the HAART era, became less frequent
in these patients following the epidemic decline. Of
note, these relapses still characterise a number of co-
infected patients, resulting in a significant impact on
the public healthcare system.

The characterisation of L. infantum strains isolated
from HIV-patients in Italy until 1998 has been exten-
sively reviewed [15], and shows the high level of genetic
polymorphism of these strains. In subsequent years, 51
new strains were isolated and identified by MLEE and/
or molecular methods. Altogether, 206 strains (163
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FIGURE 2

Yearly composition of zymodemes of Leishmania infantum isolated from human immunodeficiency virus-infected patients
with visceral leishmaniasis (primary infection), Italy, 1986-2007 (n=126)

16 7

14 1

12 7

10

Number of zymodemes

o [
o |

1990
1992
1994

MON: Montpellier nomenclature.

New zymodemes?®
Dermo-viscerotropic zymodemes®
Dermotropic zymodemes*

Viscerotropic zymodemes®

1998
2000
2004
2006

2002

2 New zymodemes are represented by MON-136, MON-185, MON-188, MON-190, MON-201, MON-228, MON-183 var. MDH100 and MON-189

var. NH14o0 (1 strain each).

® Dermo-viscerotropic zymodemes are represented by MON-34 (4 strains) and MON-80 (1 strain).
¢ Dermotropic zymodemes are represented by MON-11 (1 strain), MON-24 (6 strains), MON-29 (2 strains), MON-78 (2 strains) and MON-189 (1

strain).

4 Viscerotropic zymodemes are represented by MON-1 (102 strains) and MON-72 (1 strain).

from primary infections, the remaining from disease
relapses) were typed from cases which occurred dur-
ing the 1986 to 2007 period. L. infantum was confirmed
as the main agent responsible of the co-infections,
whereby only one case of co-infection with L. donovani
was recorded and this case was imported. The annual
composition of zymodemes from primary infections
was more diversified in the group of strains obtained
before HAART therapy introduction than in the group
obtained after HAART. The pre-HAART group was com-
posed of 84 strains collected up to 1998, and the post-
HAART group included 42 strains typed between 1999
and 2007 (MLEE analysis data are not available after
this year). As shown in Figure 2, the former group con-
sisted of 16 zymodemes, dominated by the viscero-
tropic MON-1 (60/84, 71%). The remaining zymodemes,
represented by one to six strains each, showed varia-
tionsin one to four enzyme patterns and were identified
as the already known dermotropic (n=4), viscerotropic
(n=1) and dermo-viscerotropic (n=2) zymodemes,
and eight new zymodemes never isolated from HIV-
negative leishmaniasis patients. Conversely, the post-
HAART group consisted only in three zymodemes,
mainly composed by MON-1 (40/42, 95%) and by two
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known dermotropic zymodemes (1 strain each). The
difference in zymodeme composition between the two
strain groups scored as difference in the proportion
of strains with the MON-1 zymodeme ‘MON-1’ versus
those with zymodemes other than MON-1 ‘non-MON-1’
in each group (60 vs 24 strains, and 40 vs 2 strains
in pre-HAART and post-HAART period, respectively)
was highly significant (Fisher exact test, P<0.001).
Of note, HIV-VL cases were referred to our unit from
the same hospitals distributed throughout the coun-
try during the whole period from 1986 to 2007. These
findings suggest that HAART therapy, while conferring
an immune restoration, may also operate a negative
selection towards less virulent agents of VL in treated
immunocompromised patients.

Generalised increase of visceral leishmaniasis
in regions of peninsular and insular Italy

Taking the Campania region aside, the peninsular
regions of the Tyrrhenian, lonian and Adriatic coast,
as well as Sicily and Sardinia islands (all historically
endemic for VL) showed a generalised increase of VL in
HIV-negative individuals, which was remarkable from
1995 (79 cases) to 2007 (68 cases) with a peak of 130
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TABLE

Visceral leishmaniasis cases recorded among human immunodeficiency virus-negative individuals in regions other than the

Campania region, Italy, 1995-2007 (n=1,032)

Region 1995 1996 1997 1998 1999 2000

Liguria

2001 2002 2003 2004 2005 2006 2007

Tuscany

Latium

Abruzzo

Apulia

Calabria

5 s | o] 6 | 5 |
o B o | o |

Sardinia

Sicily

Visceral leishmaniasis cases recorded in human immunodeficiency virus-negative individuals in the most endemic regions of peninsular and
insular Italy — other than the Campania region - in 1995—-2007, corresponding to the period of highest incidence among this population.
Cells reporting the two highest values of numbers of cases recorded by region are shaded in grey, showing the uneven distribution of the

hot spots.

cases in 2004 (Figure 1). Case analysis showed that
such increase was not associated to large case clusters
in particular geographical areas, but rather to a gener-
alised spreading of transmission foci involving one or
more endemic regions depending on the years (Table)
and affecting different provinces.

Minor component of the trend: visceral
leishmaniasis in northern continental Italy
Starting from 1990, regions from northern continen-
tal Italy traditionally considered free from Leishmania
transmission had become focally endemic for L. infan-
tum. This was definitely shown through active investi-
gations involving canine serosurveys and phlebotomine
sandfly monitoring during the 2003 to 2006 period
in six regions (Piedmont, Valle d’Aosta, Lombardy,
Veneto, Trentino Alto-Adige and Friuli-Venezia Giulia)
[24]. With regard to human VL, cases had been regu-
larly diagnosed between 1982 and 2012 in residents
from all the above regions (a range of 5-15 cases/year,
including HIV-co-infected individuals) mainly from cit-
ies of Lombardy and Piedmont. Travel histories were
not available for cases notified to the Ministry of Health
and most of them should be considered as imported
from highly endemic southern regions of Italy or other
Mediterranean counties as the consequence of trav-
els during summer holidays. On the other hand, a few
indisputable cases classified as autochthonous have
been identified during the above active investigations
[24] and also diagnosed thereafter by our laborato-
ries, consisting of HIV-negative individuals from newly
endemic areas of Piedmont, Lombardy and Veneto.

Individual factors: age and

associated conditions

To investigate further on determinants of the lItalian
epidemic trend, we analysed the age distribution and

36

underlying/concomitant conditions associated to VL.
Full data were available for patients diagnosed from
1987 to 2005, thus representing both pre- and late epi-
demic phases. Records from 1,296 patients were con-
sidered. The resulting population is shown in Figure
3, distributed by arbitrarily ‘VL-driven’ age groups.
755 cases (about 60%) were adults (>17 years of age),
however infants (< 2 years-old) were the most numer-
ous homogeneous group (329 cases; 25% of all cases,
61% of paediatric ones, i.e. 0-16 years-old). Cases
in preschool and young school children (3-6 years-
old) and in children grouped with young adolescents
(7-16 years-old) were considered separately to show
the relatively decreasing risk for VL associated to age
increase in childhood (indeed the two age-groups have
100 cases each, yet the 3-6 years-old group spans
only a total of 4 years of age, compared to 10 years
spanned by the 7-16 years-old group). Adults and mid-
dle aged individuals (17-50 years-old) were considered
as a single group because these formed the age group
at higher risk for HIV infection, and accounted for 575
patients (44% of all cases, 76% of adults>17 years-old).
The age group between 51 and 70 years accounted for
140 cases, and the elderly group (>70 years-old, includ-
ing several individuals over 8o years of age) for 40
cases.

Patients without any recorded underlying/concomitant
conditions represented the greatest majority of the
population, including 1,049 cases (81%). 179 HIV co-
infected patients were recorded, representing 14% of
total cases (n=1,296) and 31% of the 17—-50 age-group
patients (n=575). One hundred and ninety-seven (99%)
of these HIV patients were adults. Finally, associated
conditions other than HIV infection were recorded in 68
patients representing 5% of total cases. Fifty-seven of
the 68 patients were adults, representing 8% (57/755)
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of any adults. Twenty-three underlying/concomitant
conditions other than HIV infection were recorded. They
were single in 54, or associated in 14 patients. The most
frequent conditions were organ transplantation (14
cases), hepatitis C and liver cirrhosis (12 cases each),
pregnancy (9 cases), leukaemia (7 cases), lymphoma (5
cases), hepatitis B and systemic lupus erythematosus
(4 cases each), thymoma and diabetes (3 cases each),
and haemophagocytosis (2 cases). Conditions found in
one case each were chronic glomerulonephritis, multi-
ple sclerosis, pneumonia, primitive CD4 deficit, infec-
tion with cytomegalovirus, Wegener’s granulomatosis,
rheumatoid arthritis, thalassaemia, splenectomy, peri-
carditis and chronic renal failure.

Our findings point out that even if ‘physiologically less
immunocompetent’ groups like infants and the elderly
were excluded (for a total of 369 patients), the large
majority of remaining cases (680/927, 73%) still con-
sisted of immunocompetent individuals for whom sus-
ceptibility to VL disease remains unexplained.

Canine leishmaniasis data

General distribution

CanlL is widespread in southern Europe, but the high-
est values of predicted seroprevalence are found in the
Italian peninsula. The median prevalence calculated
from 377 canine serosurveys performed in Italy from

FIGURE 3

1971 through 2006, involving about 424,000 dogs,
was 18% with a range of 11-21% in different decennia
when the surveys were performed [25]. Of 494 L. infan-
tum canine strains characterised by MLEE, the greatest
part belong to zymodeme MON-1 (457 strains), found
distributed throughout the country; a large group of
strains (n=36) from the Campania region was found
to belong to the variant zymodeme MON-72. These
homogeneous groups of canine zymodemes did not
reflect the elevated zymodeme polymorphism detected
among the agents of human disease (both VL and cuta-
neous leishmaniasis), leaving the role of dogs as res-
ervoir for all L. infantum zymodemes endemic in Italy
unexplained.

A 2005 to 2012 data mapping on the presence of
autochthonous CanL among approximately 8,100
Italian communes is shown in Figure 4. Although still
incomplete because of the lack of investigations in sev-
eral areas, about 2,700 communes (33%) have been
found endemic for CanL so far.

Canine reservoir in the Campania region

CanL has long been known to be endemic at high
prevalences in the Campania region. In 1999, one year
before the peak of 83 VL cases recorded in the region,
the local institute for zooprophylaxis had examined
1,675 dogs and found 251 seropositives at IFAT titres
»1/80, corresponding to a seroprevalence of 15% [26].

Age distribution and underlying/concomitant conditions recorded in 1,296 patients affected by visceral leishmaniasis in

Italy, 1987-2005
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In the 2005 to 2009 period, corresponding to the
drop of VL incidence in that region, the same Institute
reported 9,723/70,557 seropositive dogs at the same
IFAT titre range, corresponding to a seroprevalence
of 14% i.e. very similar to the value recorded in 1999
(2010, data from Istituto Zooprofilattico Sperimentale
del Mezzogiorno, Portici, Naples). These findings sug-
gest that canine seroprevalence rates cannot per se
explain the epidemic trends of human VL.

Discussion

At country-wide level, leishmaniasis epidemics may
consist of an increase of disease cases over the
expected baseline in the general population through-
out the territory, or represent the additive outcome of
different outbreaks occurring in particular areas and/
or affecting specific groups of individuals. Epidemic
trends have a typical bell shape where the increasing
slope represents the natural epidemic onset, whereas
the decreasing slope may either be natural or due to
aggressive human interventions to control the disease.
Our analysis indicates that the VL epidemic in Italy
was a complex phenomenon, in which more than one
component was represented: (i) an outbreak involving
infants and immunocompetent individuals in parts of
the Campania region, that appears to have declined
naturally; (ii) a second outbreak affecting HIV-infected
individuals throughout the country, that declined
via the use of HAART therapies, which also probably
applied a negative selection pressure on less virulent
Leishmania genotypes originally involved in the epi-
demic. Hence, the contribution of the HIV-VL epidemic
to the general VL trend in Italy has been limited in time,
so that the two trends peaked and started to decline in
different years. As mentioned above, the HIV-VL trend
did not affect greatly the Campania VL trend, since
the occurrence of co-infected cases in this region was
negligible.; (iii) a generalised increase of cases due to
disease spreading within traditionally endemic areas (a
major contribution in cases) as well as the appearance
of cases in previously non-endemic areas (a minor con-
tribution in cases).

While the appearance of autochthonous VL in north-
ern continental Italy could reasonably be explained
by the de novo colonisation of these areas by phle-
botomine vectors along with the frequent importa-
tion of Leishmania-infected dogs from the endemic
south [24], and the generalised increase of cases in
endemic areas by an increase in transmission potential
due to changes in vector density, both the onset and
the natural decline of the outbreak in the Campania
region, traditionally endemic for VL, will probably
remain unexplained. One reason for the decline could
be searched in the immunity levels against Leishmania
acquired by the population during the epidemic peaks,
however this hypothesis is difficult to verify because of
the sporadic nature of the disease that would require
large population cohorts to be examined prospectively.
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FIGURE 4

Map (ArcView GIS 10) showing the distribution of
communes (in blue) where autochthonous cases of canine
leishmaniasis have been recorded, Italy, 2005-2012

GIS: geographic information system.

Other investigated epidemiological compartments of
the zoonotic VL cycle, the canine reservoir and phlebot-
omine vectors, did not help in elucidating the causes
of the Italian epidemic. First of all, no aggressive pro-
grammes to control the increase of VL, that may justify
the general drop in incidence, were ever put in place at
country level. Indeed, only some regions have imple-
mented guidelines and rules to monitor infections in
pets and/or kennelled stray dogs, recommending drug
treatment of infected animals and the use of topical
insecticides against sandflies. However, as far as pet
dogs are concerned, both measures were left at the
owners’ expenses resulting in the limited coverage
of the dogs to control. Because canine topical insec-
ticides have an impact on CanlL incidence only after
repeated mass use [27] and drug treatments may have
some efficacy in decreasing transmission only when
administered during the sandfly season, the measures
actually undertaken were most probably not very effec-
tive in reducing the Leishmania transmission potential.
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Incidence of CanL may vary considerably within
endemic areas, with focal distribution. To date there is
no clear evidence for a direct association of CanL prev-
alence values and incidence of human VL disease in a
given territory. Indeed, several examples are available
in literature where very elevated prevalences recorded
in dogs did not result in human VL cases at all [28]. It
implies that although dogs are efficient sentinel hosts
for the Leishmania transmission in a given territory,
and hence the finding of autochthonous CanL cases in
previously non-endemic areas can be of value to predict
the occurrence of human cases, the prevalence rate of
canine infections does not appear an useful parameter
to explain determinants of human VL trends in endemic
areas, like we observed in Campania region.

With regards to the phlebotomine vectors, Italy is
endemic for four Phlebotomus species proven to trans-
mit L. infantum, P. perniciosus being the most wide-
spread and efficient vector. A recent atlas based on
validated bibliographical records on phlebotomine
sandflies from 1985 to 2009 reported the presence of
this species in 134 of approximately 8,100 Italian com-
munes throughout the country. Among the other vec-
tor species, P. perfiliewi was recorded in 50 communes
of peninsular Italy, P. neglectus in 41 communes from
southern and northern, but not from central Italy, and
P. ariasi in four communes at the French border [29].
Hence, considering the huge disproportion with avail-
able CanlL data, information on phlebotomine vector
distribution in Italy is still largely incomplete. On the
other hand, like for CanL, to date there is no clear evi-
dence for a direct association of phlebotomine vector
presence and the incidence of human VL in a given ter-
ritory. Indeed, many parameters necessary to a robust
definition of vectorial capacity in phlebotomine spe-
cies, such as standardised density measurements,
dog- versus man-biting rates, number and frequency
of blood meals/ovodepositions, infected vs infectious
sandfly ratio, are still lacking from the scientific litera-
ture worldwide. Hence, while the presence of compe-
tent vectors in a given territory can be predictive for
the occurrence of human VL when Canl cases are found
too, current entomological data are still of low informa-
tive value for the analysis of epidemic VL trends.
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Leishmaniasis is endemic in the south of France,
where autochthonous disease is caused by Leishmania
infantum, and affects both humans and dogs. The
prevalence of canine leishmaniasis is between 3 and
66% depending on the region and the methods used.
Human leishmaniases are also imported into France,
mainly from French Guiana and North Africa. The
surveillance of autochthonous and imported human
leishmaniases is based on passive notification to the
National Reference Centre for Leishmaniases (NRCL)
created in 1998. Between 1999 and 2012, 317 autoch-
thonous and 1,154 imported cases were notified to the
NRCL. The average number of autochthonous cases
notified per year was 22.6, mainly cases of visceral
leishmaniasis (84.5%). All cases were infected in the
south of France. Leishmaniasis incidence is 0.22 per
100,000 inhabitants in the endemic area. Imported
cases were more frequent (annual mean of 82.4 cases)
and consisted predominantly in cutaneous leishmania-
sis (CL) cases (91%), essentially L. major CL imported
from Maghreb and Sub-Saharan Africa, and L. guyan-
ensis CL from French Guiana. This national notification
system allowed a better understanding of the inci-
dence and distribution of the disease; it is also useful
to assess the temporal-spatial evolution of the disease
in France, which appears relatively stable.

Introduction

In Europe, leishmaniasis is a zoonosis endemic in coun-
tries surrounding the Mediterranean Basin. In France,
the French Ministry of Health supported the creation of
the National Reference Centre for Leishmaniases (NRCL)
in 1998 in Montpellier (http://www.parasitologie.univ-
montp1.fr/english_vers/en_index.htm), with the aim of
better understanding the epidemiological situation of
the human disease at the national level. Its true inci-
dence was unknown and the suspected increase of
imported cases and of cases in immunocompromised
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patients needed to be confirmed. In this context,
one of the first activities of the NRCL was to set up
a system for notifying autochthonous and imported
human leishmaniasis cases in France. This retrospec-
tive study reports the results of fourteen years of this
surveillance.

Epidemiological situation of

leishmaniases in France

In France, the endemic area of leishmaniases is
restricted to the south of the country. Several foci are
clearly identified along the Mediterranean coast from
the Spanish to the Italian border: the eastern Pyrénées,
the Cévennes, the Provence, the Alpes-Maritimes and
Corsica. The transmission is generally rural but two
large cities, Nice and Marseille, are known to com-
prise endemic foci within their boundaries [1,2]. Dogs
constitute the main reservoir of the pathogen, and
Leishmania infantum is the species responsible for all
autochthonous cases. Human cases due to this spe-
cies are reported every year. However, symptomatic
visceral leishmaniasis (VL) human cases represent only
‘the tip of the iceberg’ [3]. Indeed, individuals living in
endemic areas of L. infantum are frequently exposed to
biting by the sandfly vector. Epidemiological studies
conducted worldwide in endemic areas of L. infantum
and using leishmanin skin test, serology, blood culti-
vation or polymerase chain reaction (PCR), strongly
suggest that the frequency of asymptomatic carriers is
high [reviewed in 3].

Before 1999, there was no established notification of
human leishmaniasis cases to the French health sys-
tem. It was therefore difficult to have a precise picture
of the incidence and prevalence of leishmaniases in
France. Yet, the mean annual incidence of autochtho-
nous VL in France was estimated for the years from
1989 to 1995 at around 1.3, 0.66 and 0.22 cases per
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100,000 inhabitants for the foci in the Pyrénées-
Orientales, the Alpes-Maritimes and the Cévennes,
respectively [1,4]; however, these values do not reflect
the strong variations between micro-foci, which can be
evidenced using classical [5] or modern [2, 6, unpub-
lished data] epidemiological tools.

The phlebotomine sandfly vector

In France, the disease is spread by sandflies of the
genus Phlebotomus, specifically P. perniciosus and
P. ariasi, which have a seasonal activity, generally
from May/June to September/October [7,8]. In southern
France, P. perniciosus represents the most common
vector species: it is mainly present in rural and in peri-
urban areas and preferentially at altitudes less than
600 m above sea level. P. ariasi, in contrast, is found
preferentially in rural areas at altitudes between 200
and 1,400 m above sea level; it represents the main
vector in the Cévennes and Pyrénées-Orientales foci
[9, reviewed in 10].

The canine reservoir

Canine leishmaniasis, affecting essentially the domes-
tic dog (Canis familiaris), is endemic in the regions
confined by a triangle of which the apex corresponds
to the departments (French administrative territorial
divisions) of Ardéche and Dréme and the base to the
Mediterranean coast. Two national surveys, performed
in 1987 and 2004 and exclusively based on reports
from veterinary clinics [11,12], led to the creation of a
map displaying the endemic geographical areas and
the changing profile of the disease, by comparing
maps over an interval of almost 20 years. The informa-
tion was completed by a retrospective database search
and mapping about canine leishmaniasis covering the
period 1965 to 2007 [13]. The results show that the
disease is still prevalent in southern France, including
Ardéche, and that new endemic areas emerge, con-
tiguous to pre-existing endemic foci. Overall, 25 of 95
departments are affected; but for several of them, very
low numbers of cases were reported [13,14], question-
ing the endemic nature of the disease in these areas
and reducing the main endemic region to the 12 depart-
ments closest to the Mediterranean Sea. The seroprev-
alence in dogs in the latter ranges from 8.1 to 28% [11,
reviewed in 1].

In the Cévennes focus, a study conducted in 1997,
showed that among 253 domestic dogs tested sero-
logically, 29.6% were positive and 70% of them pre-
sented clinical signs of leishmaniasis [6]. However, in
the same survey, using an ultrasensitive PCR assay,
the overall prevalence of parasite carriage was found
at 80%; and at least 65% of asymptomatic dogs were
found harbouring circulating parasites in their blood
[6]. Thus, asymptomatic dogs can act as a reservoir of
the parasite and seem to allow the transmission and
spread of leishmaniasis [reviewed in 15-17]. Another
study modelling previous surveys of canine leishmani-
asis estimated the prevalence between 5.4 and 20.3%
[18].
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Human cases

It is not easy to get an accurate picture of the disease
progression in humans in southern France during the
twentieth century [1]. According to literature data,
at least 200 cases of leishmaniasis were recorded
between 1918 and 1975, and a further 22 cases from
1975 to 1984 and 65 cases from 1985 to 1992 [unpub-
lished data, 1, 4, 19]. To our knowledge, a single
attempt was made in the past to prospectively record
all national cases of VL during two years (1986-87)
[20]: a total of 89 patients were recorded, of which 70
acquired the disease in France.

The objectives of the present study are to update these
data and to report the results obtained by the NRCL
in the surveillance of the human disease in France
between 1999 and 2012.

Methods

All leishmaniasis cases notified in France between
1999 and 2012 were analysed according to the place
of infection, clinical presentation of the disease, age
and risk factors forimmunosuppression. For reasons of
data completeness, only the period from 2007 to 2012
was analysed for risk factors.

French Guiana (a French overseas territory located
in South America) is an endemic area for leishma-
niasis [21-23]. Although the Parasitology-Mycology
Department of the University Hospital of Cayenne is
associated with the NRCL, the focus of the analyses
presented here is Europe, and thus cases diagnosed in
French Guiana are not included in this study. However,
cases imported from French Guiana and diagnosed in
France are included.

Cases confirmed by at least one specific biological
test could be notified to the CNRL. Data were obtained
via the standard reporting form created in 1998 at the
NRCL. This form is available online (http://www.para-
sitologie.univ-montp1.fr/doc/Declaration_pub_2011.
pdf) and can be sent back after anonymisation of the
data, by mail or email but it cannot be filled online. The
notification is not compulsory. It is made on a volun-
tary basis and relies mainly on care facilities support-
ing patients. The following characteristics are specified
on the form: age (children defined as <16 years old),
sex, risk factors with particular reference to immuno-
suppressive conditions such as organ or bone marrow
transplantation, human immunodeficiency virus (HIV)
infection, immunosuppressive therapy, leukaemia,
solid organ cancer, clinical features (for VL: pancytope-
nia, splenomegaly, hepatomegaly, fever, weight loss;
for CL or MCL: number of lesions, localisation, type of
lesions such as ulceration, nodule) duration of symp-
toms, the presumed place of infection and laboratory
tests performed for diagnosis.

Results

During a period of 14 years between 1999 and 2012,
the NRCL received notifications of 317 and 1,142
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FIGURE 1

Notified autochthonous and imported leishmaniasis cases, France, 1999-2012 (n=1,471)
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CL: cutaneous leishmaniasis; MCL: mucocutaneous leishmaniasis; VL: visceral leishmaniasis.

2 Including 12 VL cases of undetermined origin.

autochthonous and imported cases of leishmaniasis,
respectively, as well as 12 (visceral) cases of undeter-
mined origin (Figure 1). More than 7o health centres
notified cases: they were mostly university hospital
centres but also general hospital centres, the health
services of the French army, and occasionally private
medical clinics or even a few practitioners.

Autochthonous human leishmaniasis cases

Of the 317 cases of autochthonous leishmaniasis 268
(84.5%) were VL cases, 39 (12.3%) cutaneous leishma-
niasis (CL) and 10 (3.1%) mucocutaneous leishmaniasis
(MCL) cases.

The ratio of men to women was 1.8 and the disease
affected mostly adults (222 cases; 70%); among those,
50 were over 60 years old; 73 patients (23%) were
less than five years old; the mean age of the patients
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was 35.5 years and the median 39 years (range1 to 89
years).

Figure 2 shows the number of autochthonous annual
cases from 1999 to 2012 according to the clinical pres-
entation. For the whole metropolitan France, the aver-
age number of notified cases peryearwas 22.6 (ranging
from 14 in 2010 to 35 in 2001). Infection occurred in
the south of France in all cases. The mean annual inci-
dence of leishmaniasis that may be inferred from these
data is 0.21 per 100,000 inhabitants for the endemic
area and 0.26 for the eight most affected departments
(Figure 3); it varies from 0.64 (Alpes Maritimes) to 0.01
(Aude) per 100,000 inhabitants.

Visceral leishmaniasis cases

VL was the predominant clinical presentation (268/317;
84.5%), with a mean of 19.1 (ranging from 5 to 31) cases
per year, and a peak at 32 VL cases in 2001. The two
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FIGURE 2

Annual number of notified autochthonous cases of leishmaniasis by clinical picture, France, 1999-2012 (n=317)
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departments with the highest number of notified VL
cases are the Alpes-Maritimes (97 cases) and Bouches-
du-Rhone (46 cases) (Figure 3).

An analysis of our data over the period 2007 to 2012
shows that VL cases occurred in 62% (90/145) in
men and more frequently (46.9%; 68/145) in the age
group 20 to 60 years; 19.3% (28/145) of the cases were
observed in people over 60 years (Figure 4).

Cutaneous leishmaniasis and

mucocutaneous leishmaniasis cases

Since 1999, only 39 cases of CL and 10 of MCL have
been reported. Autochthonous CL, with a mean of 2.8
cases (ranging from o to 8) per year. With respect to
MCL, only 10 cases have been reported, including three
from Eastern Pyrénées. MCL was essentially a primary
condition of mucosae, with neither visceral, nor purely
cutaneous involvement.

Imported leishmaniasis cases

Between 1999 and 2012, 1,154 imported cases were
reported to the NRCL, a mean of 82.4 cases (range 37 to
148) annually. Only 98 of these were VL cases, result-
ing in an annual mean of seven cases. CL cases repre-
sented 91% (1,051/1,154) of the total: 41.9% (440/1,051)
of these were from Africa, originating from North Africa
in 30.9% (325/1,051) of cases and in sub-Saharan
Africa in 11% (115/1,051). Imported CL cases acquired
in French Guiana represented 41.7% (438/1,051) of the
notified cases (only 44 cases, 4.2% of them having
been infected in the rest of Latin America). These three
geographical areas correspond to the main migratory
movements to metropolitan France.
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Molecular strain typing from the Old World cases for
the years 2009 to 2011, identified a large majority
(141 cases; 88%) of L. major, followed by L. tropica (18
cases; 11%); for the New World cases, L. guyanensis
was largely predominant (170 cases; 83%), followed
by L. braziliensis (27 cases; 13%). It is of note that
imported cases from French Guiana reported to the
NRCL are not necessarily representative of the epide-
miological situation of this region.

Autochthonous and imported

visceral leishmaniasis cases and
immunocompromising conditions

Taking into account all VL cases (n=366) reported to
the NRCL from 1999 to 2012, 268 autochthonous cases
and 98 imported cases, data analysis showed the asso-
ciation of an immunocompromising condition in 44.3%
of cases (162/366): 31.4% (115/366) were HIV infected,
9.6% (35/366) had an immunosuppressive treatment
and 3.3% (12/366) had received an organ or bone mar-
row transplant.

Discussion and conclusion

In France, autochthonous leishmaniasis is due to
L. infantum and is endemic mainly in the Mediterranean
region. Canine leishmaniasis remains widespread
in these foci and is the subject of studies by the
ANSES (National Agency for Health Security of Food
and Environment) as well as several national veteri-
nary (Lyon, Maisons-Alfort, Nantes) or medical (Nice,
Marseille) faculties, often in collaboration with the
NRCL. With respect to human cases, the creation of a
notification system at the NRCL in 1999 has allowed a
better understanding of the incidence and distribution

www.eurosurveillance.org



FIGURE 3

Cumulative number of notified autochthonous visceral leishmaniasis cases in the most affected departments in France,

1999-2012 (n=268)
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of the disease. Although an increase in incidence or
an extension of the endemic areas can be anticipated
in view of global warming [24,25], it appears that
autochthonous cases remain relatively rare (annual
mean 22.6) in France with a clear predominance of VL
(84.5%).

VL has long been considered a disease of young chil-
dren. The first case of Mediterranean kala-azar in a
child in France was reported in 1918 [26]. A national
survey conducted in 1986-87 showed a predominance
of the disease in children, which constituted 51% of
cases, with equal distribution between both sexes [20].
However, over the last decades, with the emergence of
immunosuppression and primarily of HIV / acquired
immunodeficiency syndrome (AIDS), the epidemiology
of the disease has changed: in particular, the incidence
in adults has increased significantly. Indeed, between
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1975 and 2004, children accounted for only 30% of
the cases [1]. This can be partly correlated with the
increasing number of cases of leishmaniasis/HIV co-
infection: HIV-positive patients are at high risk, and
leishmaniasis is considered an opportunistic disease
[27,28]. Between 1996 and 1998, 50% of new VL cases
in southwestern Europe (including France) involved
HIV-positive patients [27]. The mean age in our adult
patients with VL was 36 years [28]. Nevertheless, the
occurrence of cases among the elderly was not excep-
tional, which may be explained by ageing, declining of
immune system, association with other pathologies
such as tumours, inflammatory diseases, VL can also
affect patients with no apparent immunosuppression
nor risk factor, irrespective of their age. Overall, the
incidence of VL during the study period was relatively
stable, but a decrease of the incidence can be noted if
compared to the period from 1993 to 1997 [1, 2], this
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FIGURE 4

Notified autochthonous leishmaniasis cases by age group and risk factors, France, 2007-2012 (n=145)

80

70 A

60

40

30

Number of cases

10

<16 years

Age range

I without risk factors

mm with risk factors

16 <years < 60 > 60 years

For reasons of completeness of the data, only 2007-2012 was analysed for risk factors.

being most likely linked with the introduction of highly
active antiretroviral therapy in AIDS patients.

In contrast to VL, autochthonous cases of CL and
MCL are rare in France [29] and appear sporadic. CL is
probably underdiagnosed and certainly undernotified,
to a great extend because cutaneous lesions due to
L. infantum are often small, painless and spontane-
ously self-curing within a few months; hence these
benign lesions are essentially seen by general prac-
titioners or dermatologists, which generally do not
notify cases. The number of MCL cases notified to the
NRCL, however, reflects almost the whole of the total
seen in France, as this atypical clinical presentation
necessitates the implementation of a specific labora-
tory diagnosis and initiation of anti-Leishmania drug
treatment.

Compared to autochthonous cases, the number of
imported cases is relatively high with an annual mean
of 82.4 cases, mainly consisting in CL cases due to L.
major and L. guyanensis, while for VL cases the annual
mean of seven is not far from the nine cases per year
reported in 1986-87 [20].

The monitoring by the NRCL is also useful to assess
the temporal-spatial evolution of the disease. It is dif-
ficult to infer from these data whether the incidence
of autochthonous leishmaniasis is declining in France
or not: certain data sets suggest a medium-term (over
decades) tendency to decline [1,2,20], but our data
show that it is currently relatively stable. As to the risk
of seeing the emergence of ‘exotic’ or hybrid parasites
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[30] which would be transmitted locally by permissive
phlebotomine vectors, we consider that it is almost
null. Indeed, (i) there is no evidence for any permissiv-
ity of P. perniciosus and P. ariasi; (ii) the probability of
this occurring in nature appears extremely low, as, on
top of permissivity, it requires gathering a number of
factors allowing transmission (southern France, sum-
mer season, absence of treatment, etc.).
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Since July 2009, there has been a community outbreak
of leishmaniasis in the south-west area of the Madrid
autonomous community, Spain, affecting residents
from four towns that are geographically close together
and share extensive park areas. As of December 2012,
446 cases were reported (6 in 2009, 97 in 2010, 196 in
2011 and 147 in 2012), a mean incidence rate of 22.2 per
100,000 inhabitants during July 2009 and December
2012. The mean age was 44 years (range: 2 months
to 95 years); 61.0% were male. A total of 68 (15.2%)
had immunosuppressive conditions; 160 (35.9%) had
visceral leishmaniasis and 286 (64.1%) cutaneous. A
total of 421 (94.4%) cases were confirmed. Leishmania
infantum was identified as the agent. Monitoring
revealed high densities of the vector Phlebotomus
perniciosus. The surveillance system for canine leish-
maniasis did not detect any increase in prevalence
during the period. Environmental control measures
have been taken, such as improvements in sanitation
and disinsection in the risk areas and control of the
overpopulation of Leporidae, as xenodiagnosis stud-
ies have shown that hares play a role as active reser-
voirs. This is the largest reported community outbreak
of leishmaniasis in Europe. The discovery of the new
reservoir stands out in the multifactorial aetiology of
the outbreak. Epidemiological research and environ-
mental intervention measures are continuing.

Introduction

Human leishmaniasis is a zoonotic disease endemic
in the Mediterranean basin, including Spain [1-4].
In Spain, the vector involved in the transmission of
the parasite (genus Leishmania) is a sandfly of the
Phlebotomus genus (primarily P. perniciosus), which
is active between May and October and dogs are the
main reservoir [3-5].

There is a formal system for reporting all compulsorily
notifiable diseases, with notification protocols includ-
ing case definitions. The notification process starts
from physicians, primary care and hospitals, or from
microbiology laboratories, which report to the Spanish
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and Madrid Epidemiological Surveillance Network. All
cases are reviewed by an epidemiologist. In the Madrid
autonomous community, leishmaniasis has been moni-
tored through the notifiable diseases surveillance
system since 1997, although state-level reporting of
this disease is not compulsory [6]. The Spanish Public
Health Department’s approach to the disease calls for
coordinated research and control actions, both epide-
miological and environmental. The services in charge
of environmental research are developing surveillance
programmes for vectors and canine leishmaniasis in
the community’s animal protection centres [7].

During 2000 to 2009, between 12 and 25 leishmaniasis
cases have been reported per year in the region (with
an annual incidence rate of around 0.5 per 100,000
inhabitants) [6]. During the last quarter of 2010, a
fivefold increase was detected in the number of cases
compared with the number seen in the whole year of
previous years. Subsequent research confirmed that
an outbreak of leishmaniasis had been occurring
since July 2009 in the south-west area of the region of
Madrid [8].

The aim of this article is to describe the epidemiologi-
cal characteristics of the urban community outbreak of
leishmaniasis and the control measures adopted.

Methods

After detecting an unusual increase in the number of
leishmaniasis cases in Madrid, the Epidemiological
Surveillance Network intensified surveillance using
different strategies. Coordination was strengthened
through periodic meetings with the professionals
involved, in both primary and secondary health care,
and active case finding was conducted. A retrospec-
tive search for cases was performed using information
from microbiology laboratories and hospital discharge
records. Epidemiological research was intensified
using a questionnaire administered by telephone, to
gather information on patients’ place of residence,
their work environment and leisure activities. Patients
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were asked about the presence of dogs, sick dogs,
mosquitoes (oriented on the habitat an characteris-
tics of the sandflies), waste and rubbish dumps, and
livestock farms in these environments during last year.
Questions were also asked about their travel history
during the incubation period to areas that were highly
endemic for the disease.

A specific case definition was established for the out-
break: a case was a person who met the clinical and
laboratory criteria for leishmaniasis defined by the
Epidemiological Surveillance Network, with residence
inthetowns located onthe south-west area of the region
of Madrid and with onset date of symptoms between 1
July 2009 and 31 December 2012. People affected lived
in four towns — defined as the epidemic area — located
geographically close together (Fuenlabrada, Leganés,
Getafe and Humanes de Madrid), which share large
urban parks and have a population over half a million
inhabitants. It was considered that 1 July 2009 was the
onset date of the outbreak because from that date, a
steady increase in the number of cases was detected in
the epidemic area; in the first six months of 2009, no
cases were reported in this area. The Epidemiological
Surveillance Network uses the case definition of leish-
maniasis in the Notification system manual of notifiable
diseases [9]. A probable case is a person that meets
the clinical criteria of the case definition and may also
have a positive serology (one-time positivity or titre

FIGURE 1

increase of 1gG). According to the manual, confirma-
tory diagnosis is made through demonstration of the
presence of the parasite (visualisation, polymerase
chain reaction (PCR) in aspirated samples or biopsy
material obtained from the edges of a skin lesion
(cutaneous leishmaniasis) or in a case of visceral
leishmaniasis, from bone marrow, liver, spleen, lymph
nodes or blood, or by the isolation of the parasite [9].
Laboratory analyses were carried out in the reference
hospitals attended by each case and most cases were
confirmed in the National Reference Laboratory for
Leishmaniasis in Madrid (Instituto de Salud Carlos IlI,
WHO Collaborating Centre for Leishmaniasis), where
the pathogen was also classified.

We carried out a descriptive analysis of the epidemio-
logical variables studied: sex, age, country of origin,
onset date of symptoms, clinical presentation, classifi-
cation of cases, diagnostic tests, intrinsic risk factors
(immunosuppressive disease and/or immunosuppres-
sive treatment), extrinsic risk factors (environmental
exposure to the common vector and/or reservoir) and
reporting delay. We analysed all the cases, separated
according to their clinical presentation. The cases were
georeferenced using the patients’ place of residence.

Incidence rates for the period were calculated per town
as the number of cases per 100,000 inhabitants. The
population given in the continuous census for 2009

Outbreak cases of leishmaniasis by month of symptom onset and clinical presentation, region of Madrid, Spain, July 2009-

December 2012 (n=446)

mm Cutaneous leishmaniasis (n=286)
29 mm Visceral leishmaniasis (n=160)

Number of cases

2009 2010

The months in which the vector is active (May to October) are shown in red.
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2011 2012

Month of symptom onset
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FIGURE 2

Spatial distribution of cases by place of residence and clinical presentation, community outbreak of leishmaniasis in the
region of Madrid, Spain, July 2009-December 2012 (n=446)
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to 2012 published by the Institute of Statistics of the epidemic area was 22.2 cases per 100,000 inhabitants
Community of Madrid [10] was used as denominator. during the period under investigation. The outbreak is

under control but new cases (fewer) are being reported.
In environmental research, regional actions included

in the canine leishmaniasis programme were adopted The patients lived in the following towns in the region
and specific measures were intensified in the outbreak of Madrid: Fuenlabrada (366 cases; 52.7 per 100,000
area (monitoring of known and potential reservoirs and inhabitants), Leganés (48 cases; 7.3 per 100,000 inhab-
control measures). A sandfly surveillance system was itants), Getafe (26 cases; 4.4 per 100,000 inhabitants)
implemented in the Madrid region in 2008 [7], involv- and Humanes de Madrid (6 cases; 9.2 per 100,000
ing 10 stations in various towns from May to October inhabitants). During 2000 to 2009, between 1 and 6
each year. Surveillance activities were intensified in cases per year were detected in these four towns, with
the epidemic area, following the start of the outbreak. an incidence rate below 1.0 per 100,000 inhabitants.
Results The clinical presentation of patients in the outbreak
was 35.9% visceral leishmaniasis (160 cases; 8.0 per
Epidemiological investigation 100,000 inhabitants). Of these, 140 had classical dis-
From 1 July 2009 to 31 December 2012, 542 cases of ease and 20 atypical presentations (18 localised lym-
leishmaniasis were reported in the region of Madrid phadenopathic leishmaniasis and two with mucosal
to the Epidemiological Surveillance Network, of which leishmaniasis). The remaining 64.1% had cutaneous
446 (82.3%) met the outbreak case definition: 6 were leishmaniasis (286 cases: 14.2 per 100,000 inhabit-
identified in 2009, 97 in 2010, 196 cases in 2011 and ants). The epidemic curve by date of symptom onset and
147 cases in 2012. The mean incidence rate in the clinical presentation (Figure 1) and spatial distribution
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FIGURE 3

Distribution by sex, age group and clinical presentation, community outbreak of leishmaniasis in the region of Madrid,

Spain, July 2009-December 2012 (n=446)
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of cases by place of residence and clinical presentation
(Figure 2) are shown.

The median reporting delay was 151 days (41 days for
visceral leishmaniasis, with a minimum of 9 days and
183 days for cutaneous leishmaniasis, with a minimum
of 35 days).

The distribution of cases by sex, age group and clini-
cal presentation is shown in Figure 3. A total of 272
(61.0%) of cases were male. The mean age of all cases
was 44 years (40 years for the visceral leishmaniasis
cases and 46 years for the cutaneous cases), ranging
from 2 months to 95 years. It is worth noting that 15

www.eurosurveillance.org

Age groups (years)

cases were infants under 1 year of age (11 with vis-
ceral leishmaniasis and 4 with cutaneous leishmania-
sis) and 8 cases were aged between 12 and 23 months
(7 with visceral leishmaniasis and 1 with cutaneous
leishmaniasis).

The main clinical and epidemiological characteristics
of the cases are shown in the Table. Some 68 (15.2%) of
cases were of foreign origin: of these, 44 had visceral
forms and 24 cutaneous forms. A total of 36 patients
(8.1% of all cases) were born in sub-Saharan Africa
(mostly from Equatorial Guinea and Nigeria), of which
32 had visceral leishmaniasis (20.0% of all the visceral
leishmaniasis cases). The number of cases who were
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TABLE

Clinical and epidemiological characteristics of leishmaniasis cases by clinical presentation, community outbreak in the region
of Madrid, Spain, July 2009-December 2012 (n=446)

Characteristic

Visceral forms

Cutaneous forms

Total

Number of cases (%)?

Number of cases (%)?

Number of cases (%)

Total 160 (35.9) 286 (64.1) 446 (100.0)
Sex

Male 117 (73.1) 155 (54.2) 272 (61.0)
Female 43 (26.9) 131 (45.8) 174 (39.0)
Age in years

2 18 (11.2) 5 (1.7) 23 (5.2)
2-14 12 (7.5) 28 (9.8) 40 (9.0)
15-29 19 (11.9) 20 (7.0) 39 (8-7)
30-44 35 (21.9) 52 (18.2) 87 (19.5)
45-59 40 (25.0) 117 (40.9) 157 (35.2)
260 36 (22.5) 64 (22.4) 100 (22.4)
Country of origin

Spain 116 (72.5) 262 (91.6) 378 (84.8)
Sub-Saharan Africa 32 (20.0) 4 (1.4) 36 (8.1)
Other countries 12 (7.5) 20 (7.0) 32 (7.2)
Year the symptoms started

2009 3 (1.9) 3 (1.0) 6 (1.3)
2010 31 (19.4) 66 (23.1) 97 (21.8)
2011 70 (43.7) 126 (44.1) 196 (43.9)
2012 56 (35.0) 91 (31.8) 147 (33.0)
Classification

Confirmed 137 (85.6) 284 (99.3) 421 (94.4)
Probable 23 (14.4) 2 (0.7) 25 (5.6)
Diagnosis method

Biopsy/aspirate 126 (78.8) 283 (99.0) 409 (91.7)
Culture 13 (8.1) 23 (8.0) 36 (8.1)
Serology 100 (62.5) 0 (0.0) 100 (22.4)
Hospitalisation

Admitted to hospital 135 (84.4) 1(0.3) 136 (30.5)
Intrinsic risk factors

All 50 (31.3) 18 (6.3) 68 (15.2)
Immunosuppressive treatment 25 (15.6) 13 (4.5) 38 (8.5)
HIV infection 16 (10.0) 2 (0.7) 18 (4.0)
Other immunosuppressive conditions 20 (12.5) 6 (2.1) 26 (5.8)
Alcoholism 13 (8.1) 3 (1.0) 16 (3.6)
Drug injection 1 (0.6) 1(0.3) 2 (0.4)
Extrinsic risk factors®

Contact with dogs 52 (32.5) 62 (21.7) 114 (25.6)
Contact with sick dogs 7 (4.4) 10 (3.5) 17 (3.8)
Presence of mosquitoes® 27 (16.9) 62 (21.7) 89 (20.0)
Waste and rubbish dumps 6 (3.8) 10 (3.5) 16 (3.6)
Walks near livestock farms 5 (3.1) 9 (3.1) 14 (3.1)
Travel history during the incubation period

Travel to highly endemic areas 34 (21.3) 63 (22.0) 97 (21.7)

HIV: human immunodeficiency virus.

2 Apart from the totals, the percentages shown use the number of visceral leishmaniasis cases or number of cutaneous leishmaniasis cases

as appropriate.

® In domestic or peridomestic zones in the last year.

¢ Questions were oriented on the habitat and characteristics of sandflies. The word ‘flebotomo’ [sandfly] was not used, as it is not known by

the general population.
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born in sub-Saharan Africa was high and it should be
noted that in the outbreak area, people of sub-Saharan
origin represented less than 1% of the total population.

Most cases (n=421; 94.4%) were laboratory confirmed.
L.infantum was identified as the causative agent. The
remainder of the cases were probable.

Intrinsic risk factors that might decrease immunity
were reported in 68 (15.2%) cases: 50 (31.3%) of cases
of visceral leishmaniasis and 18 (6.3%) in the cutane-
ous leishmaniasis cases, with more than one immuno-
suppressive conditions or treatment occurring in the
same patient.

Among the environmental risk factors analysed, it is
noteworthy that 114 (25.6%) of cases had contact with
dogs in one or more places in the domestic or perido-
mestic environment. A total of 56 (12.6%) cases had
a dog in the home as a pet and all the animals were
correctly protected against sandfly bites. A total of 17
(3.8%) cases reported having had contact with dogs
that were apparently sick — without specifying the ill-
ness — which were subsequently checked to ensure
that they were not affected by leishmaniasis.

Environmental research and control measures
After the increase in the number of leishmaniasis cases
was detected in 2010, many different environmental
actions were initiated, aimed at researching and con-
trolling the vector and reservoir.

Monitoring of the vector

A sampling plan was developed in the epidemic area
with the positioning, monitoring and analysis of both
sticky and light traps for sandflies from May to October
each year. In 2011, 37 stations were monitored with
sticky traps (222 sampling sites) and 10,161 sand-
flies were studied. In 2012, 24 sampling stations (120
sampling sites) were monitored with sticky traps and
23,160 sandflies were studied, detecting a predomi-
nance of P. perniciosus (66.1%), the principal vector of
Leishmania in the region. The mean density was very
high, reaching 143.8 sandflies/m?, with more than 17
sampling stations having levels above this figure (one
was above 1,000 sandflies/m?). Light traps were used
in four stations, obtaining an average infection rate of
2.4% in the females collected.

The sandfly surveillance system implemented in the
region of Madrid, which was intensified in the years
following the start of the outbreak, showed an increase
in the density of P. perniciosus in the epidemic area (16
sandflies/m? in 2008, 30 sandflies/m? in 2010 and 50
sandflies/m? in 2012) [11].

Monitoring of dogs, the main known reservoir

In 2011 and 2012, we collected information from clini-
cal veterinarians in the epidemic area. They reported
that they had not recorded any increase in the leishma-
niasis detection tests performed in their clinics, where
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the prevalence of canine leishmaniasis was around 5%.
In 2011, they performed leishmaniasis detection tests
on 1,007 dogs during an anti-rabies vaccination cam-
paign, using the rk39 blood test (BLK Fast Test, LETI),
giving a prevalence of 1.0% in dogs that were house-
hold pets and 3.6% in dogs that were in dog pounds,
results that were similar to those estimated in other
studies performed in the region of Madrid [12,13].
Complementary analyses were also carried out on four
serologically positive dogs: all four were positive by
PCR for Leishmania and the species was analysed in 3
of them, identifying L. infantum.

Since 2012, these veterinarians have been piloting
a sentinel system for notifying canine leishmaniasis
cases. In 2012, representative sampling of 561 pet dogs
during the anti-rabies vaccination campaign in the epi-
demic area revealed a Leishmania seroprevalence of
1.6%. Similarly, a sample of 502 dogs in potentially
risky areas, such as dog pounds, hunting dog packs
and livestock units, showed a prevalence of 2.0%.

Monitoring of other potential reservoirs, in

view of the results obtained in dogs

Other potential reservoirs are being investigated, such
as hares, rabbits, cats and rats. Results obtained to
date indicate that 30% of the hares studied in 2011 and
2012 were infected with the parasite and in xenodiag-
nosis tests, evidence of the transmission of L. infantum
from hares to sandflies has been obtained [14].

Environmental control measures

Risk areas in the epidemic towns have been identi-
fied, in which environmental sanitation steps are being
carried out (removal of vegetation debris, cleaning of
wasteland, removal of rubble, as well as the issuing
of recommendations to individuals and companies).
Burrows are being destroyed in areas where this is
feasible due to the land layout. A disinsection plan
has been established in risk areas, in which periodical
treatments with biological insecticides and pyrethroids
are carried out (in 2012, there were four treatments:
every two weeks in June, one in September and one
in October). In some areas where higher sandfly den-
sities were found, intensive treatment was carried out
for seven days (in September), followed by treatment
once a week until the end of vector activity in October.

The collection of abandoned animals was stepped up:
406 dogs and 381 cats were collected in 2011 and 880
dogs and cats in 2012.

A control plan for the population of hares and rabbits
in the environment has been set up, with around 1,000
hares having been caught to date using nets, grey-
hounds and falcons, and legislation has been passed
for some areas in the epidemic area to declare them as
temporary emergency game zones [15].

In addition to reinforcing surveillance, more infor-

mation has been given to professionals from veteri-
nary centres, dog owners and the general public. The
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environmental actions have been carried out in coor-
dination with the institutions involved (Departments of
Health and the Environment, Town Councils in the area)
and experts have given their advice (Instituto de Salud
Carlos Ill Health Institute — WHO Collaborating Centre
for Leishmaniasis, Veterinary Health Surveillance
Centre, Veterinary Faculty and Biology Faculty of
Complutense University in Madrid).

Discussion

Regular epidemiological surveillance allowed an out-
break of human leishmaniasis to be detected, which
started in the second half of 2009. Up to December
2012, 446 cases were reported, representing over 80%
of the cases reported in this period in the entire region
of Madrid. To the best of our knowledge, this is the
largest community outbreak described in Spain and
in Europe. Furthermore, it occurred in an urban set-
ting where the prevalence of leishmaniasis was previ-
ously very low, a very different case to other outbreaks
described in the literature [16-22].

Under-reporting of cases becomes apparent when mon-
itoring the disease [1,2,23], which is more noticeable in
the cutaneous form. In Madrid, over the past decade
of monitoring this disease, 90% of the reported cases
were visceral [6], whereas in the current outbreak, they
represented 36% of the cases. Visceral leishmaniasis
is a serious disease that requires a specific diagno-
sis and treatment, normally with hospital admission,
a factor that favours the notification of the disease to
the surveillance network. Cutaneous leishmaniasis is
a less serious disease, which can heal spontaneously,
and where an aetiological diagnosis is not reached if
the disease is not suspected and specific tests are not
requested, such as PCR of the skin sample. Such cases
are therefore generally under-represented in surveil-
lance data. In this outbreak, given that the healthcare
system in the south-west area of Madrid had been
alerted, a thorough diagnosis was probably requested
in patients with signs of cutaneous leishmaniasis.

The median time between the date of symptom onset
and reporting to the Public Health Service was 41 days
for cases of visceral leishmaniasis, as opposed to 183
days for cutaneous leishmaniasis cases. The delay
arises from a number of factors that may be related
to the patient (delay in seeking care) or the healthcare
system (delay in diagnosis and reporting). The delay
was greater for cases with cutaneous leishmaniasis
due to the fact that patients take longer to request care
and doctors take longer to consider the differential
diagnosis of leishmaniasis and must wait for confirma-
tion in order to be able to report the case [23].

Cases were found in all age groups. In those with vis-
ceral leishmaniasis, more men have been affected in
almost all the age groups - the sex difference being
particularly obvious in those over 30 years of age. In
the cutaneous forms, distribution according to sex was
similar. The clinical manifestations were typical for the
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disease (although it was remarkable that 11% of cases
with visceral leishmaniasis had localised lymphad-
enopathic leishmaniasis as the sole clinical presenta-
tion) and the evolution was favourable after receiving
the recommended treatment [2,4]. It is notable that
15 cases were infants under 1 year of age and 8 cases
were aged between 12 and 23 months. It is also worth
mentioning that 8% of the patients originated from
sub-Saharan Africa, a percentage that rose to 20% for
the visceral leishmaniasis cases.

During 2009 to 2012, there were four periods of sand-
fly’s active life cycle, with most leishmaniasis cases
occurring in the winter of 2010/11. The incubation
period for the disease is variable [2]; it ranged from
one week to several months and was generally longer
in cases of visceral leishmaniasis, which may explain
why these cases appeared more frequently during the
cold months of the year. The epidemic curve allowed us
to generate a hypothesis that favourable conditions for
the transmission of Leishmania in the reservoir and/
or vector began in the summer of 2009; it reached its
peak in the summer of 2010 and continued in 2011. A
gradual decrease in the number of cases was seen in
2012, following the introduction of control measures.
Our hypothesis could be modified, depending on the
evolution of the outbreak after 2012.

In most of the patients, there were no intrinsic risk
factors that could alter their susceptibility to disease,
although important differences were found accord-
ing to the clinical form: 31% of visceral leishmaniasis
cases and 6% of cutaneous leishmaniasis cases had
intrinsic risk factors. In recent decades, leishmaniasis
has been linked to decreased immunity and has been
particularly associated with human immunodeficiency
virus (HIV) infection [2-4,16]. In the outbreak described
here, only 4% of all leishmaniasis cases were coin-
fected with HIV.

None of the cases had travelled during the incubation
period to countries or areas that were highly endemic
for the disease [1,2]: therefore, the infection cannot be
considered imported.

In Spain, dogs are considered to be the main reservoir
for L. infantum [1-5,11-13]; in this outbreak, only 26% of
cases acknowledged contact with dogs in their domes-
tic or peridomestic environment and the cases with
dogs as pets in their homes had already applied suit-
able methods to protect against sandfly bites [3,24].
In order to evaluate the possible presence of vectors,
we asked patients about their environment (house,
neighbourhood, work, leisure pursuits and holidays).
In a low percentage of cases, there were rubbish
dumps, presence of mosquitoes, etc. in their perido-
mestic zones. We also asked patients about the areas
where they walked, but no areas could be identified
through which most people had passed. Therefore, our
epidemiological research did not identify any of the
classic environmental risk factors [2,3].
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During 2011, many environmental control measures
were started, aimed at monitoring and controlling the
reservoir and vector: these have been intensified and
optimised during 2012. Given the role that dogs clas-
sically play as the reservoir, actions initially concen-
trated on their study, but the surveillance system did
not detect any increase in the prevalence of leishma-
niasis in these animals, with level being around 5%
[11-13].

Monitoring of the vector showed that P. perniciosus
was present, a species that has been traditionally
described in Spain and Madrid [25-27] and was found
in high density in the epidemic area. An extension of
the presence of this vector both in latitude and alti-
tude has also been observed. Recent changes in the
environment (large road-improvement works in some
towns of the outbreak, warm autumns) [28,29] may
have contributed to the high density.

As a high percentage of hares may be a source of infec-
tion for sandflies and may also be infected by them,
these animals may be considered at least as second-
ary reservoirs for the infection. This would suggest the
existence of a stable wild transmission cycle linked to
the urban outskirts [14]. Although some of the urban
parks in the areas around the four towns were recently
created, there was traditionally a high rabbit and hare
population in the land used for the parks. Town plan-
ning modifications over the past decade have probably
modified the ecology of these Leporidae, moving from
a woodland cycle to an urban one, encouraging their
multiplication, as there are no predators such as birds
of prey, wild boars, etc. This has also allowed their
closeness to people, with whom they live alongside
peacefully. The discovery of hares as reservoir has led
to measures being taken aimed at controlling the hare
and rabbit overpopulation [15].

Environmental aspects such as climate change, grow-
ing urbanisation, socio-economic development, etc.
are causing changes in the epidemiology of infec-
tious diseases [2,23,30,31]. Known environmental
factors might have contributed to the genesis of this
leishmaniasis outbreak, with the discovery of hares
as secondary reservoirs being particularly significant.
Epidemiological research and environmental interven-
tion measures are continuing.
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Leishmaniasis is an imported disease in the
Netherlands. We report data for the period between
2005 and 2012, on clinical presentation, country where
leishmaniasis was acquired, and causative species,
for 195 civilian and military patients who had trav-
elled abroad. Most patients were affected by cutane-
ous leishmaniasis (CL) (n=185 patients), while visceral
leishmaniasis (VL) (n=8 patients) and mucocutane-
ous leishmaniasis (n=2 patients) were less frequently
observed. All VL patients had been infected in Europe.
CL was mainly acquired in Afghanistan, Surinam,
Morocco and Spain. The majority of CL patients con-
sisted of military personnel (55%, 102/185), 78 of whom
had been infected during an outbreak in Afghanistan.
Parasitological diagnosis was made by a combina-
tion of polymerase chain reaction (PCR), microscopy
and culture. Compared to a standard of parasitologi-
cal proof by any method other than the one under
consideration, sensitivities of the individual methods
ranged from 73% to 98%. Microscopy was least sen-
sitive, but is fast and cheap. Mini-exon repeat PCR
combines high sensitivity and specificity, and allows
differentiation between species by sequencing of the
PCR product. Eight different species or species com-
plexes were identified, allowing species-specific ther-
apy. Four patients proved infected with Leishmania
naiffi, a hitherto rarely described cause of leishmania-
sis. In comparison to previous decennia, an increase
in cutaneous leishmaniasis was observed in our hos-
pital, both in civilian and military patients who had
travelled abroad. This calls for increased awareness
among clinicians, availability of diagnostic tests and
species-specific treatment guidelines in non-endemic
countries.

Introduction

In non-endemic countries such as the Netherlands,
leishmaniasis is an imported disease with increasing
numbers of cases, probably due to increased travel
to, migration from, and military operations in endemic
regions [1-4]. Moreover, in Europe both visceral (VL) and
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cutaneous leishmaniasis (CL) have started a northward
spread to new foci, including northern lItaly, central
Europe [5], and the Jura region in France [6], resulting
in increasing areas where travellers can be exposed.

There are more than a dozen species of Leishmania
parasites that can cause a wide spectrum of clinical
manifestations, ranging from localised CL and disfig-
uring mucocutaneous leishmaniasis (MCL) to poten-
tially lethal VL. These clinical manifestations depend
on both pathogen and host genetic factors [7]. In the
Netherlands, most cases of visceral leishmaniasis are
acquired in the south of Europe [2,8]. In contrast, cuta-
neous leishmaniasis is acquired in Africa, Asia, Europe
and the New World (the Americas) [4]. Travel history is
often not sufficient for excluding certain species, as
different species may coexist in geographical areas,
and incubation times may vary widely. Also, patients
may travel through several endemic areas with differ-
ent species requiring different clinical management [9].
Therefore, species determination is of importance for
prognosis and correct treatment.

Traditionally, diagnosis was based on microscopical
examination of Giemsa stained smears, culture and
histopathology of material from suspected leishmania-
sis patients. Molecular methods have been introduced
more recently, and are generally reported to be at least
as sensitive as the combination of microscopy and
culture [10]. Polymerase chain reaction (PCR)-based
methods allow correct species discrimination by iden-
tification of the PCR amplicon by restriction fragment
length polymorphism analysis [11] or sequencing [12].

Leishmaniasis is not a notifiable disease in the
Netherlands, which hampers surveillance. The
Academic Medical Center of the University of
Amsterdam serves as a referral centre for leishma-
niasis in our country. Therefore, our data may serve
as an approximation for the leishmaniasis incidence
in the Netherlands as a whole [4]. We here report the
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changing epidemiology of imported leishmaniasis
in 195 patients in the Netherlands in the period from
2005 to 2012. Moreover, we compared diagnostic tech-
niques, and present the results of mini-exon repeat
sequence typing of causative species.

Methods
Patients

A total of 195 patients for whom the parasitological
diagnosis CL, MCL or VL was made at the Academic

TABLE 1

Medical Center in the period between June 2005
and December 2012 were included for this study.
180 patients were seen at the outpatient clinics of
Dermatology or Tropical Medicine at the Academic
Medical Center while 15 patients were seen in other
hospitals. For the latter, data on travel were limited for
this report. Demographic and clinical data of all 195
patients were aggregated in a database, including age,
sex, areas visited, results of culture, impression smear,
PCR and sequencing. Suspected country of acquisition

Number of imported laboratory-confirmed leishmaniasis patients according to clinical presentation and suspected country
of acquisition, Academic Medical Center, University of Amsterdam, the Netherlands, 2005-2012 (n=195)

Continent and country of acquisition

Clinical presentation
Total patients?® (military patients)

cutaneous mucocutaneous visceral
Europe 19 (0) o (o) 6 (0)
France 1 (0) o (0) 1 (0)
Italy 1(0) o (0) 1(0)
Malta 1 (0) o (0) o (o)
Portugal 1(0) o (0) o (0)
Spain 13 (0) o (0) 2 (0)
Southern Europe® 2 (0) o (o) 2 (0)
Asia 98 (86) o (o) o (0)
Afghanistan 88 (86) o (o) o (0)
Iran 1 (0) o (0) o (0)
Iraq 1 (0) o (o) o (0)
Israel 3 (0) o (0) o (0)
Jordan 2 (o) o (0) o (0)
Pakistan 1 (0) o (o) o (o)
Saudi Arabia 1 (0) o (o) o (o)
Syria 1 (0) o (0) o (0)
Africa 17 (0) o (o) o (0)
Eritrea 1 (0) o (o) o (o)
Kenya 1 (0) o (o) o (0)
Morocco 15 (0) o (0) o (0)
The Americas 46 (16) 2 (0) o (0)
Belize 9 (9) o (0 0 (0)
Bolivia 1 (0) o (0) o (0)
Brazil 4 (0) o (0) o (o)
Costa Rica 8 (0) o (0) o (o)
Peru 1 (0) o (o) o (0)
Suriname 17 (7) 1 (0) o (0)
Central and south America® 6 (0) 1 (0) o (0)
Multiple continents 2 (0) o (0) 1 (0)
East Africa/Mediterranean® 1 (o) o (o) 1 (o)
Mediterranean® (North Africa/Europe) 1 (0) o (0) o (0)
Not recorded 3 (0) o (o) 1 (0)
Total 185 (0) 2(0) 8 (0)

2 The total number of patients comprises the number of leishmaniasis patients who had travelled abroad as part of the military (which is
given in parentheses) and the number of patients who had travelled abroad as civilians.

® These patients visited multiple countries where the causative species is endemic.
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was based on travel history in combination with spe-
cies typing.

Methods for confirming leishmaniasis species
Procedures for parasitological diagnosis by micros-
copy, culture, mini-exon repeat PCR based on the
method of Marfurt et al. [13], or combinations thereof,
were previously described [14]. For CL and MCL,
two biopsies were taken from the edge of the lesion
whereby one was used for culture, and the other for
microscopy of a Giemsa stained smear and PCR. For VL,
bone marrow was used for PCR, microscopy, or culture.
Sequences for species determination were generated
by amplification, as detailed earlier, with primer Rme2
as one of the two primers[13], followed by single strand
sequencing with primer Rmeseq (5’-ACA GAA ACT GAT
ACT TAT ATA GCG TTA GTT-3’). Sequence analysis and
comparison was performed using the CodonCode soft-
ware (CodonCode Corporation, Dedham, MA), using
consensus sequences for different species as refer-
ences. References were composed of previously pub-
lished sequences [11,15] from GenBank, sequences
derived from reference strains, and iteratively added
patient sequences. Discrimination between the geno-
typically highly similar Leishmania braziliensis and
L. peruviana, and between L. infantum and L. donovani,
is not feasible for the mini-exon. The clinical relevance
of such distinction is limited, as preferred treatment in
the Netherlands is identical for both species, and only
depends on the clinical presentation. Of note, discrimi-
nation between these species is impossible or difficult
by other targets as well [16,17], and therefore their tax-
onomic status has been a continuing matter of debate
[18]. We therefore refer to these species as L. brazilien-
sis/peruviana and L. donovani/infantum, respectively.
Other species that can be can be discriminated include
L. major, L. tropica, L. aethiopica, L. mexicana, L. ama-
zonensis, L. guyanensis, L. panamensis, L. lainsoni, and
L. naiffi.

Sensitivity of diagnosis techniques

Sensitivity of different diagnostic techniques was cal-
culated relative to parasitological evidence of leishma-
niasis by at least one other method than the technique
under consideration, assuming 100% specificity of cul-
ture, microscopy and PCR each. This is warranted, as
stringent measures were used to avoid contamination
in PCR [19], and typing by sequence analysis should
reveal possible contamination for both PCR and culture.

Results

Patients

From June 2005 to December 2012, leishmaniasis was
diagnosed and laboratory confirmed in 195 patients.
The endemic countries visited and clinical forms of
leishmaniasis are listed in Table 1. The vast major-
ity of patients (95%, 185/195) presented with CL. VL
(n=8 patients) and MCL (n=2 patients) were only rarely
encountered. Patients consisted of 102 military person-
nel who had travelled as part of their duties, and 93

www.eurosurveillance.org

FIGURE 1

Distribution over three time periods of imported
laboratory-confirmed cutaneous leishmaniasis patients,
according to military or civilian status, and geographical
area of infection, Academic Medical Center, University of
Amsterdam, the Netherlands, 1999-2012 (n=302)
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civilian patients who had been travelling abroad (which
comprise tourists, business travellers and travellers
originating from an endemic country visiting family
and friends). Median age for military patients, who all
had CL, was 24 years (range: 19-50). Median age for
civilian patients with MCL was 46 years (range: 2-78),
and for travellers with VL 55 years (range: 2-62). The
male to female ratio in the total 93 civilian patients was

1.53:1.

A previous study described an increasing incidence
of imported CL in our population in the period from
1990 to 2000 (78 cases) as compared to between
1979 and 1989 (39 cases) [4]. For the current, shorter,
study period between 2005 and 2012, the number of
detected CL patients was 185 (Figure 1), including 78
military personnel, who had acquired CL in an out-
break in north Afghanistan [20-22]. Even if the latter
are not considered, the 107 remaining patients in the
current study represent more patients than in previous
periods.

Between 1990 and 2000, most patients acquired CL
in the New World (78%, 61/78). In the present study,
more than twice as many patients acquired CL in the
Old World (Europe, Asia and Africa) (n=136) as in
the New World (n=46). The number of patients who
acquired CL in the Old World was still higher (n=58)
when the military patients who had been deployed to
north Afghanistan (n=78) were put aside [20-22].
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FIGURE 2

Distribution of laboratory-confirmed leishmaniasis imported patients, according to military and civilian status, by month
of diagnosis, Academic Medical Center, University of Amsterdam, the Netherlands, 2005-2012 (n=195)
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More than half of the total CL patients (102/185) in
the present study were military personnel. This con-
stitutes an increase in military personnel with CL
compared to the previous study periods (with a total
of 34 cases in 1990-2000 and none in 1979-1988).
Most military patients got infected in the Old World
in Afghanistan (n=86), whereas infections in the New
World were acquired in Belize (n=9) and Suriname
(n=7). An increase in imported infected civilian CL
patients (n=83), which comprise tourists and business
travellers as well as those originating from an endemic
country visiting family and friends, was also observed
compared to previous studies (44 in 1990—2000 and
39 in 1979-1988), as shown in Figure 1. Most civilian
patients who were infected in the New World acquired
CL in Suriname (10 of 30), but by different species than
the military patients. Most civilian patients infected
in the Old World contracted CL in various countries in
Europe (19 of 48), as was also the case for VL (Table 1).

As shown in Figure 2, the distribution of patients per
month is different for military patients when compared
to civilian patients. Military patients usually present as
groups after duty abroad. In contrast, imported civilian
patients present throughout the year with only a rela-
tively small increase towards the end of the year.
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Diagnostic methods for cutaneous
leishmaniasis and sequence-based typing

The sensitivity of PCR, microscopy and culture, and
combinations thereof for diagnosis of CL (including
MCL), are listed in Table 2.

Sequencing of the mini-exon repeat PCR product
obtained from either direct biopsy material or from cul-
tured parasites, allowed identification of the causative
species in patients affected with VL, CL or MCL by com-
parison to consensus sequences. Altogether the spe-
cies responsible for the disease was identified in 186
of the 195 patients.

Leishmania species distribution according

to geographical region of acquisition

Eight different species or species groups were
detected, three in the Old World and six in the New
World (Figure 3).

In patients infected in the Old World, L. major, L. trop-
ica and L. donovani/infantum were detected. The high
number of L. major patients was predominantly found
among the Dutch soldiers deployed to Afghanistan.
Patients infected in Europe were exclusively infected
with L. infantum/donovani. In the New World, L.
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TABLE 2

Sensitivity of different (combinations) methods for diagnosis of (muco)cutaneous leishmaniasis, Academic Medical Center,
University of Amsterdam, the Netherlands, 2005-2012 (n=187)

Diagnostic methods Positive Negative Sensitivity
PCRP 183 4 o 98%
Microscopy 127 47 13 73%
Culture 138 29 20 83%
Microscopy and/or culture® 151 15 21 91%
Microscopy and/or PCRe 172 2 13 99%
Culture and/or PCR¢ 164 2 21 99%
Microscopy, culture and/or PCR® 166 o 21 100%

ND: not determined; PCR: polymerase chain reaction.

2 These samples represent either requests from other hospitals or patients for which no biopsy was taken for culture due to the small size of

the lesion.
® Mini-exon repeat PCR based on the method of Marfurt et al [13].

¢ Patients for whom not all methods were performed were included in the group labelled as ND.

guyanensis was most prevalent (Figure 3), and mainly
found among patients that visited Suriname (Table 1).

Leishmania species distribution among

civilian and military travellers

The species distribution differed markedly between
military and civilian patients, with L. tropica, L. pana-
mensis and L. donovani/infantum exclusively found in
civilian patients, and L. naiffi only in military patients
(Table 3). This difference reflects the endemic countries
visited, as military patients acquired leishmaniasis in
Afghanistan (n=86), Belize (n=9) and Suriname (n=7).
For the latter country, infection with L. naiffi has been
related to different epidemiological circumstances dur-
ing military manoeuvres [14].

Discussion

Visceral and cutaneous leishmaniases are imported
diseases in the Netherlands. The cases of VL are

FIGURE 3

mostly imported from countries in southern Europe, as
confirmed in our study where all VL patients were civil-
ians who had been infected there. Also among the 83
civilian CL patients, 19 (23%) of the CL infections were
acquired in Europe, with 13 in Spain. This is notewor-
thy, as misdiagnosis, due to the misconception that
leishmaniasis is a tropical disease, has occurred in
the Netherlands for cases acquired in southern Europe
[8]. CL for civilians and military combined was mainly
acquired in Afghanistan, Suriname, Morocco and Spain
(Table 1). Our data show an increase in patients diag-
nosed with CL in our hospital between 2005 and 2012
compared to the periods from 1979 to 1988 and 1990 to
2000 [4] (Figure 1). An analysis of nationwide pathologi-
cal records from 1996 to 2007 found an increase during
that period as well [2]. Comparison of the pathological
data available only until 2007 [2] to our data shows
that our patient population represented 56% (39/70) of
the CL cases in 2006 and 45% (14/31) in 2007 in the

Distribution of Leishmania species derived from leishmaniasis patients according to geographical region of infection,
Academic Medical Center, University of Amsterdam, the Netherlands, 2005-2012 (n=183)

Africa (n=16)

The Americas (n=48)

L. panamensis

L. infantum/ 8 (17%)

donovani
5 (31%)

L. tropica
4 (25%)

L. mexicana
6 (13%)

L. donovani/
infantum
2 (4%)
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Asia (n=95) Europe (n=24)

L. tropica

L. donovani/infantum 5 (4%)

2 (2%)
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TABLE 3

Causative Leishmania species identified in military and civilian populations, Academic Medical Center, University of
Amsterdam, the Netherlands, 2005-2012 (n=195)

. (Muco)cutaneous Visceral

Species - B R
military civilian civilian

L. braziliensis/peruviana 5 9? o 14
L. donovani/infantum o 29 8 37
L. guyanensis 3 112 o} 14
L. major 77° 14 o 91
L. mexicana 4 2 o 6
L. naiffi 4 o] 4
L. panamensis o o 8
L. tropica o} 12 o} 12
ND¢ 9 o o] 9
Total 102 85 8 195

2 0Of these patients, one patient presented with mucocutaneous disease due to L. braziliensis and one due to L. guyanensis.
® These patients belonged to troops deployed to north Afghanistan, and were part of a larger outbreak described elsewhere [20-22].

¢ Of these patients, two were positive by microscopy only. Seven patients obtained prior treatment; polymerase chain reaction was weakly
positive but yielded insufficient product for sequence analysis in these seven patients.

Netherlands. Therefore, our observations with respect
to epidemiology and causative species are probably
valid for most patients in the Netherlands.

Part of the increase in cases is due to increased expo-
sure, due to larger numbers of military personnel sent
to endemic countries. An increase in imported leish-
maniasis is a common problem in non-endemic coun-
tries that send troops abroad, both for training and
active duty [23-25]. Military patients usually present
as groups after duty abroad, and awareness in a unit
is high after initial cases are identified. As a result,
diagnosis of leishmaniasis patients among military are
more clustered in time (Figure 2).

The number of infected civilian travellers increased
also as compared to previous years [4] (Figure 1), and
patients presented throughout the year (Figure 2). This
more evenly spread distribution probably reflects a
combination of travel throughout the year, variation in
incubation times, health seeking behaviour and varia-
tion in delay before referral for diagnosis. Only a rela-
tively small increase towards the end of the year was
noted, which is probably the consequence of increased
travel during summer.

Apart from increased exposure and possible changes
in health seeking behaviour for CL in immigrant com-
munities [26], improved diagnostic methods, and
awareness among clinicians may also have contrib-
uted to the increased number of leishmaniasis patients
detected. During the study period, PCR was a routine
diagnostic procedure for leishmaniasis, in contrast to
the previous study periods [4]. In the preceding years,
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both specificity and sensitivity have benefited from
improved measures to avoid contamination of PCR
[19] and higher quality of reagents and equipment for
PCR and DNA extraction. In the present study, sensi-
tivity of PCR was higher (98%, Table 2) as compared
to previous years (89%) [4]. Though PCR alone has a
high sensitivity, both microscopy and culture have
added value (Table 2). Apart from increasing overall
sensitivity, microscopy can be used as point of care
test, and results are available within one hour at low
cost. Culture allows expansion of strain collections for
research purposes, e.g. for quality control programmes
and comparison of different typing methods as advo-
cated by the LeishMan consortium [27].

Follow-up of CL is based on clinical evaluation. Only if
therapy failure is suspected, are laboratory diagnos-
tics performed. Whole parasites as demonstrated by
microscopy, culture, or the detection of Leishmania
RNA [28] are considered a sign of relapse. Detection of
parasite DNA by PCR is no definitive proof of relapse,
since this can also be present in scars of successfully
treated patients [29,30].

For accurate treatment and precise prognosis of CL,
characterisation of the causative Leishmania species
is often needed, e.g. pentamidine is effective for treat-
ment of L. guyanensis but less efficient against disease
caused by L. braziliensis [4]. This was accomplished
by sequence analysis in the vast majority (95.1%) of
our patients, detecting eight different species or spe-
cies groups (Figure 3). The species distribution was
different between military and civilan patients (Table
3), probably as a result of different endemic countries
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visited and different epidemiological circumstances
encountered [14].

The relevance of typing is best illustrated in our popu-
lation for the CL and MCL patients that were infected
in Suriname (Table 1). Because of its historic ties with
the Netherlands, Suriname is a popular destination for
Dutch tourists, persons visiting friends and relatives,
and has been used for jungle training by the Dutch
military. Traditionally, L. guyanensis was regarded as
the causative species of CL from Suriname. Recently,
L. amazonensis, L. lainsoni, L. naiffi, and L. brazilien-
sis have been reported for the first time in Suriname
as well [31,32]. Awareness that any of these species
can be present in patients returning from Suriname is
important, as the differences between these species
influence clinical management.

In conclusion, the number of imported leishmaniasis
patients in our hospital, and probably the Netherlands
as a whole, continues to increase. This increase affects
both civilian and military patients. Although most
patients in this study were infected with CL, however
it is noteworthy that all patients with VL had acquired
their infection in European endemic countries. CL was
also acquired in Europe for approximately 20% of civil-
ian patients. Among all imported cases, eight different
Leishmania species or species groups were identified.
Improved diagnostic procedures, including sequence-
based typing, allow species-specific treatment.
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Leishmaniasis is endemic in south-west Europe.
Recent data point to the spread and (re-)emergence of
this disease in previously endemic and non-endemic
European countries. A recent example is the urban
community outbreak of cutaneous and visceral leish-
maniasis in the south-west of Madrid autonomous
community, Spain, which began on 1 July 2009. A
total of 446 cases associated to this outbreak were
reported up to 31 December 2012. We show molecu-
lar typing data for 73 Leishmania infantum isolates
obtained from January 2008 to July 2012 from different
areas of Madrid, including those affected by the out-
break. Seven different genotypes were identified by
combining data from two targets: the ribosomal inter-
nal transcribed spacers (ITS)-1 and -2 and the haspb
(k26) gene. The results contribute to a better under-
standing of the parasite population circulating in the
region, and indicate that most of the outbreak-asso-
ciated isolates (22/31) were infected by parasites with
the same combined genotype. Additional data from 82
L. infantum isolates typed as either MON-1 or MON-24
by isoenzyme analysis indicate that far from conclud-
ing that the outbreak was caused by a ‘new’ emerging
genotype, further molecular typing-based surveillance
studies are required to better understand the epidemi-
ology of leishmaniasis in the region.

Introduction

Leishmania infantum is the causative agent of autoch-
thonous cutaneous and visceral cases of leishma-
niasis in Spain, and female sandflies of the species
Phlebotomus perniciosus and P. ariasi are responsible
of its transmission; this depends on a zoonotic cycle,
in which dogs are considered the main reservoir hosts
[1]. However, reports on Leishmania infection in other
animals from Spain, such as wild carnivores, cap-
tive macropods, rabbits and hares, are increasing in
number [2-5]. Although, their role in transmission to
humans has yet to be elucidated, L. infantum trans-
mission from naturally infected hares to P. perniciosus
sandflies has been recently proven [5].

In Spain, leishmaniasis is considered a hypoendemic
disease (0.41 cases per 100,000 inhabitants in 2012)
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[1]. However, figures for both visceral (VL) and par-
ticularly cutaneous leishmaniasis (CL) are underesti-
mates, due to the absence of a centralised surveillance
system and because leishmaniasis is not a mandato-
rily notifiable disease in all autonomous communi-
ties of the country [1]. After the first description of a
case of acquired immune deficiency syndrome (AIDS)-
associated leishmaniasis in 1985 [6], Spain faced a re-
emergence of leishmaniasis related to the spread of
the human immunodeficiency virus (HIV). Of the 1,911
cases of coinfection reported from south-west Europe
to the World Health Organization (WHO) between
1990 and 2001, Spain accounted for 1,099 of them [7].
Fortunately, the introduction of highly active antiret-
roviral therapy (HAART) therapy in the late 1990s con-
tributed to a marked decrease of coinfection cases in
south-west Europe: 299 cases were reported to WHO,
130 of which were from Spain, between 2001 and 2006
[8].

In spite of the worrying Leishmania/HIV coinfection
phenomenon, leishmaniasis seems to have been under
control in south-west Europe. Nevertheless, attention
has been recently been drawn to the probable spread/
re-emergence of leishmaniasis in Europe, including
discussion of the contributing factors [9,10]. At the
same time, examples appeared, such as the northward
spread of human and canine leishmaniasis in Italy (in
2003) [11,12] and canine leishmaniasis in Spain (in
2011) [13], and endemic transmission of L. infantum to
dogs in Hungary (in 2007), which until then had been
regarded as free of leishmaniasis [14,15].

An urban community outbreak of CL and VL in the
south-west of Madrid autonomous community (here-
after referred to as Madrid), Spain, provides a further
example [16]. In Madrid, leishmaniasis surveillance has
been carried out through a reporting system of man-
datorily notifiable diseases since 1997, with regular
records of 12 to 25 leishmaniasis cases per year [16].
However, in the last quarter of year 2010, a marked
increase in the number of reported cases was noticed;
subsequent investigation indicated that the outbreak
had started on 1 July 2009 in the south-west of the
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TABLE 1

Distribution by year, Health Area and pathology of the cases of leishmaniasis?, Madrid, Spain, 1 January 2008-31 July 2012

(n=475)
e A Year Total per Clinical form of leishmaniasis
2008 2009 2010 2011 2012 Health Area CL VL Other®

A1 2 4 o} ¢} o} 6 e} 6 e}
A2 2 o] 3 5 o] 10 3 7 o]
A3 0 0 1 2 0 3 3 0
A4 4 10 3 5 4 26 18 2
Asg 20 8 13 11 6 58 13 45 0
A6 1 o] o] 3 2 6 3 2 1
A7 1 3 1 2 2 9 1 3 5
A8 7 8 7 4 3 29 3 23 3
Ag°© 5 2 16 141 126 290 211 73 6
A10°¢ 3 1 2 9 10 25 10 14 1
A1 (o] o] o 8 5 13 1 12 o]
Total 45 36 46 190 158 475 251 206 18

CL: cutaneous leishmaniasis; VL: visceral leishmaniasis.

2 Cases diagnosed during the period stated by polymerase chain reaction at the World Health Organization Collaborating Centre for

Leishmaniasis in Madrid, Spain (Instituto de Salud Carlos IIl).

® ‘Other’ comprises mucosal leishmaniasis (ML), localised lymphadenopathy (LL) (A4: 2 ML in 2009; A6: 1 ML in 2008; A7: 2 LL in 2009-2011,
and 3 ML in 2011-2012; A8: 1 LL in 2009 and 2 ML in 2009-2012; A9: 5 LL in 2010-2012, and 1 ML in 2011; A10: 1 LL in 2012).

¢ Health Areas 9 and 10 were affected by the outbreak that began on 1 July 2009.

region. The outbreak affected four geographically close
municipalities, which share wide areas in urban green
parks, with a population of half a million inhabitants
[16]. As reported by Arce et al. [17], a total of 446 cases
of leishmaniasis associated with this outbreak were
reported up to 31 December 2012, with epidemic peaks
in the winter of 2010 and 2011. Of the 446 cases, 160
(35.9%) had visceral and 286 (64.1%) cutaneous forms
of the disease. The median age was 44 years (range: 2
months—95 years). Risk factors associated with immu-
nosuppression appeared only in 15.2% of the cases.

The WHO Collaborating Centre for Leishmaniasis in
Madrid (Instituto de Salud Carlos 1), which acts as the
reference laboratory for leishmaniasis in Spain, con-
tributed to the diagnosis of the outbreak-associated
cases through molecular and serological methods, as
well as parasite isolation in culture. As part of these
activities, we also performed molecular typing of an
assembly of 73 isolates from the outbreak area and
other regions of Madrid obtained from January 2008,
the year before the outbreak started, to July 2012. The
results of this investigation are here presented.

Concurrently, additional data from a second assembly
of 83 L. infantum human isolates, collected in Madrid
between 1988 and 2005 and typed by multilocus
enzyme electrophoresis (MLEE) as MON-1 and MON-24,
zymodemes responsible of most of the CL and VL cases
in Spain [18], are also presented.
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Methods

First assembly: isolates from the outbreak area
and other regions of Madrid, 2008-2012

In the WHO Collaborating Centre for Leishmaniasis,
diagnosis of leishmaniasis is made on the basis of
molecular and serological methods, as well as by
isolation in Novy-MacNeal-Nicolle (NNN) culture.
Additionally, Leishmania isolates are received from dif-
ferent hospitals to be kept in our cryobank.

From 1 January 2008 to 31 July 2012, we diagnosed a
total of 475 cases of leishmaniasis in Madrid by poly-
merase chain reaction (PCR) [19]. Samples of patients
came from the 11 Health Areas into which the region is
divided. The mean number of cases for 2008 to 2010
was 42, while 190 were diagnosed in 2011 and 158 in
the first six months of 2012; this large increase was
related to the outbreak of leishmaniasis in Health
Areas 9 and 10, in the south-west of the region. Of the
475 cases, 251 were CL, 206 VL and 18 other forms of
leishmaniasis (namely mucosal and localised lymphad-
enopathy). Details of the leishmaniasis cases diag-
nosed by PCR and their distribution by year and Health
Area are shown in Table 1.

On the basis of the distribution of cases shown in
Table 1 and on the availability of culture isolates suc-
cessfully obtained from diagnostic samples at the WHO
Collaborating Centre for Leishmaniasis or received
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TABLE 2A

Molecular typing of selected Leishmania infantum isolates from Madrid, Spain, obtained from 1 January 2008-31 July 2012
(n=73)

Health -
solate WHO code? Jearor el fmor AEEOI rsune  Sreinbase | Combined
origin eishmaniasis pairs
MHOM/ES/2008/LLM-1665 2008 1 VL NEG »18 LOMBARDI 962 L-962
MHOM/ES/2008/LLM-1695 2008 1 VL NEG »18 LOMBARDI 836 L-836
MHOM/ES/2008/LLM-1643 2008 5 VL POS »18 A 794 A-794
MHOM/ES/2008/LLM-1657 2008 5 VL POS »18 LOMBARDI 920 L-920
MHOM/ES/2008/LLM-1676 2008 5 VL NEG >18 LOMBARDI 920 L-920
MHOM/ES/2008/LLM-1667 2008 5 VL POS »18 A 584 A-584
MHOM/ES/2008/LLM-1644 2008 8 VL NEG »18 LOMBARDI 920 L-920
MHOM/ES/2008/LLM-1646 2008 8 CL POS »18 LOMBARDI 920 L-920
MHOM/ES/2008/LLM-1653 2008 8 VL POS >18 A 584 A-584
MHOM/ES/2008/LLM-1681 2008 8 VL POS »18 A 626 A-626
MHOM/ES/2008/LLM-1648 2008 9 VL NEG »18 LOMBARDI 920 L-920
MHOM/ES/2009/LLM-1707 2009 1 VL POS »18 A 626 A-626
MHOM/ES/2009/LLM-1725 2009 1 VL NEG »18 A 626 A-626
MHOM/ES/2009/LLM-1734 2009 1 VL NEG >18 A 626 A-626
MHOM/ES/2009/LLM-1750 2009 1 VL NEG >18 LOMBARDI 920 L-920
MHOM/ES/2009/LLM-1729 2009 4 CL NEG >18 A 794 A-794
MHOM/ES/2009/LLM-1756 2009 4 VL POS >18 A 626 A-626
MHOM/ES/2009/LLM-1790 2009 5 CL POS >18 LOMBARDI 920 L-920
MHOM/ES/2009/LLM-1703 2009 8 VL POS »18 A 626 A-626
MHOM/ES/2009/LLM-1712 2009 8 VL NEG >18 A 626 A-626
MHOM/ES/2009/LLM-1714 2009 8 VL NEG »18 LOMBARDI 920 L-920
MHOM/ES/2009/LLM-1896 2010 1 VL NEG »18 A 626 A-626
MHOM/ES/2010/LLM-1920 2010 2 VL NEG <5 LOMBARDI 962 L-962
MHOM/ES/2010/LLM-1873 2010 4 VL NEG »18 A 626 A-626
MHOM/ES/2010/LLM-1858 2010 5 VL NEG »18 A 626 A-626
MHOM/ES/2010/LLM-1859 2010 8 VL NEG <5 LOMBARDI 962/920 L-962/920
MHOM/ES/2010/LLM-1888 2010 8 VL NEG <5 LOMBARDI 962 L-962
MHOM/ES/2010/LLM-1854 2010 9 VL NEG >18 LOMBARDI 920 L-920
MHOM/ES/2010/LLM-1918 2010 9 LL NEG >18 LOMBARDI 962 L-962
MHOM/ES/2010/LLM-1886 2010 9 VL NEG >18 LOMBARDI 920 L-920
MHOM/ES/2010/LLM-1899 2010 9 VL POS >18 LOMBARDI 920 L-920
MHOM/ES/2011/LLM-2027 2011 1 VL NEG »18 A 626 A-626
MHOM/ES/2011/LLM-2032 2011 1 VL NEG »18 LOMBARDI 962/920 L-962/920
MHOM/ES/2011/LLM-2005 2011 3 VL NEG <5 LOMBARDI 920 L-920
MHOM/ES/2011/LLM-2051 2011 4 VL NEG »18 A 626 A-626
MHOM/ES/2011/LLM-1948 2011 5 CL NEG »18 A 626 A-626
MHOM/ES/2011/LLM-2033 2011 5 VL NEG <5 A 626 A-626
MHOM/ES/2011/LLM-2047 2011 5 VL POS »18 A 626 A-626
MHOM/ES/2011/LLM-1946 2011 7 LL NEG »18 LOMBARDI 920 L-920
MHOM/ES/2011/LLM-2018 2011 8 VL NEG »18 LOMBARDI 920 L-920
MHOM/ES/2011/LLM-2037 2011 9 VL NEG »18 LOMBARDI 920 L-920
MHOM/ES/2011/LLM-1988 2011 9 VL NEG »18 LOMBARDI 962 L-962
MHOM/ES/2011/LLM-1964 2011 9 VL NEG 18 LOMBARDI 836 L-836

CL: cutaneous leishmaniasis; HIV: human immunodeficiency virus; haspb: hydrophilic acylated surface protein B gene; ITS: ribosomal internal
transcribed spacers; LL: localised lymphadenopathy; ML: mucosal leishmaniasis; NEG: negative; POS: positive; VL: visceral leishmaniasis;
WHO: World Health Organization.

2 |solates ordered by year of isolation and Health Area.
 Health Areas 9 and 10 were affected by the outbreak that began on 1 July 2009.
¢ Combined genotypes are derived from combining the results of ITS sequence type and haspb (k26) polymerase chain reaction product size.
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TABLE 2B

Molecular typing of selected Leishmania infantum isolates from Madrid, Spain, obtained from 1 January 2008-31 July 2012
(n=73)

Health _
solate WHO code? Jearot Aol fmor AEEOI  rsype  Sheinbase | Combined
Gt eishmaniasis pairs
MHOM/ES/2011/LLM-1929 2011 9 VL NEG »18 LOMBARDI 920 L-920
MHOM/ES/2011/LLM-1956 2011 9 VL NEG >18 LOMBARDI 920 L-920
MHOM/ES/2011/LLM-1974 2011 9 CL NEG >18 LOMBARDI 920 L-920
MHOM/ES/2011/LLM-1982 2011 9 LL NEG »18 LOMBARDI 920 L-920
MHOM/ES/2011/LLM-1983 2011 9 CL NEG >18 LOMBARDI 920 L-920
MHOM/ES/2011/LLM-1984 2011 9 VL POS »18 LOMBARDI 962/920 L-962/920
MHOM/ES/2011/LLM-1998 2011 9 ML NEG >18 LOMBARDI 962/920 L-962/920
MHOM/ES/2011/LLM-2001 2011 9 CL NEG »18 LOMBARDI 920 L-920
MHOM/ES/2011/LLM-2039 2011 9 VL NEG >18 LOMBARDI 962/920 L-962/920
MHOM/ES/2011/LLM-2046 2011 9 CL NEG »18 LOMBARDI 920 L-920
MHOM/ES/2011/LLM-2048 2011 9 CL NEG »18 LOMBARDI 920 L-920
MHOM/ES/2011/LLM-1937 2011 10 VL NEG »18 LOMBARDI 962/920 L-962/920
MHOM/ES/2011/LLM-1954 2011 10 VL NEG »18 LOMBARDI 962 L-962
MHOM/ES/2011/LLM-2025 2011 11 VL NEG 5—18 LOMBARDI 962/920 L-962/920
MHOM/ES/2012/LLM-2096 2012 1 VL NEG »18 LOMBARDI 920 L-920
MHOM/ES/2012/LLM-2134 2012 1 VL POS »18 LOMBARDI 920 L-920
MHOM/ES/2012/LLM-2098 2012 5 VL NEG <5 A 626 A-626
MHOM/ES/2012/LLM-2118 2012 6 CL NEG »18 A 626 A-626
MHOM/ES/2012/LLM-2109 2012 6 VL NEG »18 LOMBARDI 962 L-962
MHOM/ES/2012/LLM-2139 2012 9 VL NEG >18 LOMBARDI 920 L-920
MHOM/ES/2012/LLM-2059 2012 9 CL NEG »18 LOMBARDI 920 L-920
MHOM/ES/2012/LLM-2063 2012 9 VL NEG >18 LOMBARDI 920 L-920
MHOM/ES/2012/LLM-2064 2012 9 CL NEG »18 LOMBARDI 920 L-920
MHOM/ES/2012/LLM-2072 2012 9 CL NEG >18 LOMBARDI 920 L-920
MHOM/ES/2012/LLM-2074 2012 9 CL NEG »18 LOMBARDI 920 L-920
MHOM/ES/2012/LLM-2076 2012 9 CL NEG »18 LOMBARDI 920 L-920
MHOM/ES/2012/LLM-2077 2012 9 CL NEG »18 LOMBARDI 920 L-920
MHOM/ES/2012/LLM-2079 2012 9 VL POS »18 LOMBARDI 920 L-920
MHOM/ES/2012/LLM-2097 2012 9 VL NEG »18 LOMBARDI 962/920 L-962/920
MHOM/ES/2012/LLM-2113 2012 9 VL NEG »18 LOMBARDI 920 L-920

CL: cutaneous leishmaniasis; HIV: human immunodeficiency virus; haspb: hydrophilic acylated surface protein B gene; ITS: ribosomal internal
transcribed spacers; LL: localised lymphadenopathy; ML: mucosal leishmaniasis; NEG: negative; POS: positive; VL: visceral leishmaniasis;
WHO: World Health Organization.

2 |solates ordered by year of isolation and Health Area.
® Health Areas 9 and 10 were affected by the outbreak that began on 1 July 2009.
¢ Combined genotypes are derived from combining the results of ITS sequence type and haspb (k26) polymerase chain reaction product size.
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FIGURE 1

Distribution and combined genotype of analysed Leishmania infantum isolates from Madrid, Spain,
1 January 2008-31 July 2012 (n=73)
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The numbers 1-11 represent the 11 Health Areas in Madrid. The combined genotypes of the isolates are shown.
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from referral hospitals, we prepared an assembly of
Leishmania isolates from the cases diagnosed by the
WHO Collaborating Centre during 1 January 2008 to 31
July 2012. The assembly was not solely focused on the
Health Areas affected by the outbreak (Health Areas
9 and 10): in order to have a fuller picture of the con-
text in which the outbreak occurred, isolates from all
11 Health Areas in Madrid were included. For the same
reason, we also decided to include isolates obtained
in 2008 (the year before the outbreak started). A total
of 73 L. infantum isolates were included in our analy-
sis: 16 from CL patients, 53 from VL patients, 3 from
patients affected by localised lymphadenopathy and 1
from a patient with mucosal leishmaniasis. A total of 15
isolates were obtained from patients with concomitant
human immunodeficiency virus (HIV) infection. Further
details of the isolates included in the assembly for
molecular typing concerning year of isolation, Health
Area of origin, clinical form of leishmaniasis, HIV sta-
tus, age and sex are shown in Table 2 and Figure 1.

Second assembly: L. infantum

MON-1 and MON-24 isolates, 1988-2005

The intraspecies variability of L. infantum has long
been studied by MLEE. This approach, and the subse-
quent identification of different zymodemes, consti-
tuted an extremely useful taxonomic tool, which has
contributed much to understand the epidemiology of
leishmaniasis [20,21]. Although MLEE has been used
for Leishmania typing during the past 25 years, some
drawbacks have been attributed to this methodology
when compared with molecular methods [22], which
are being increasingly used for epidemiological stud-
ies of visceral and cutaneous leishmaniases and are
widely available in various laboratories.

As L. infantum MON-1 and MON-24 zymodemes are
known to be responsible for most CL and VL cases in
Spain [18], we also included in this study 83 L. infan-
tum isolates from Madrid that had been typed by
MLEE as MON-1 (n=55) and MON-24 (n=28) at the WHO
Collaborating Centre for Leishmaniasis, to have a refer-
ence at the MLEE level in our analysis. Details of these
isolates are given in Table 3 and Figure 2.

DNA extraction

DNA was extracted from culture pellets cryopreserved
at the WHO Collaborating Centre for Leishmaniasis
using the QlAamp DNA mini kit (QIAGEN). The DNA was
eluted in PCR-grade water and adjusted to a final con-
centration of1o ng/ul with NanoDrop ND-1000 spectro-
photometer (NanoDrop Technologies). For further PCR
reactions, 5 pl of each DNA sample were used.

Molecular typing

Two different targets of the Leishmania genome were
selected for molecular typing analyses. ITS1 and ITS2
were amplified following the protocol described by
Kuhls et al. [23] and the haspb (k26) gene (hydrophilic
acylated surface protein B) was amplified as described
by Haralambous et al. [24]. For species identification of

70

isolates from the first assembly, the heat shock protein
70 (hspyo) gene was amplified as described by Fraga
et al. [25]; species identification was not performed
on the second assembly of isolates because they had
been previously typed as L. infantum MON-1 or MON-
24 by MLEE. PCR products were run on 2% agarose
gels stained with ethidium bromide and visualised
under ultraviolet light.

Direct sequencing of the ITS1, ITS2 and hsp7o PCR prod-
ucts was performed with the corresponding forward
and reverse primers; internal primers for sequencing
were also used for hspyo, as described elsewhere [25].
Before DNA sequencing, the PCR products were excised
from agarose gels and purified using the QlAquick Gel
Extraction Kit (QIAGEN). The Big-Dye Terminator Cycle
Sequencing Ready Reaction Kit V3.1 and the automated
ABI PRISM 377 DNA sequencer (Applied Biosystems)
were used. Sequences obtained were analysed and
edited using the software BioEdit Sequence Alignment
Editor, version 7.0.9.0 [26]. ITS1 and ITS2 sequences
were compared with sequences of the ITS types
described by Kuhls et al. [23], these sequences were
aligned with BioEdit Sequence Alignment Editor using
ClustalW multiple alignment algorithm and were manu-
ally adjusted.

For accurate estimation of the k26 PCR product size,
the bands were excised from agarose gels, purified
using the QIlAquick Gel Extraction Kit (QIAGEN), and
analysed by capillary electrophoresis using the Agilent
2100 Bioanalyzer and the Agilent DNA 1000 kit (Agilent
Technologies).

ITS genotypes were assigned to each isolate according
to the sequence polymorphism of the 12 microsatel-
lite regions in ITS1 (four sites) and ITS2 (eight sites).
k26 genotypes were assigned according to the size of
the PCR product, and adjusted considering the gene
size variability is due to the number of 42 nucleotide
repeated motifs [24,27-29]. A combined genotype,
derived from combining the results of ITS sequence
type and k26 PCR product size, was then assigned to
each isolate (first assembly only).

For the second assembly, we present data on ITS geno-
types only; information on the k26 gene analysis will
be published separately.

Phylogenetic analysis

Phylogenetic analysis based on the nucleotide
sequences of the Leishmania ITS1 and ITS2 was per-
formed based on maximum parsimony using PHYLIP
(PHYLogeny Inference Package), version 3.69 [30]. To
test the robustness of the internal branches generated,
we performed bootstrap analysis using 10,000 rep-
lications. We included DNA sequences retrieved from
GenBank (A)634341, AJ000288, AJ000294, A)634356,
AJ634367, A)634373, AJo00297, AJ634376) that are
representative for each of the ITS types A to H, respec-
tively, described by Kuhls et al. [23]. According to these
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TABLE 3A

Selected Leishmania infantum MON-1 and MON-24 isolates from Madrid, Spain, 1988-2005 (n=83)

Isolate WHO code® i:ggrti(z)fn I?:gll;?eAJﬁagi?]f " I%Irr#lcs; . Aﬁeyi?rl;p Zymodeme ITS type
eishmaniasis

MHOM/ES/1988/LLM-180 1988 1 VL NEG »18 MON-1 A
MHOM/ES/1990/LLM-195 1990 1 VL Unknown Unknown MON-1 A
MHOM/ES/1991/LLM-326 1991 4 VL POS Unknown MON-1 A
MHOM/ES/1991/LLM-328 1991 4 VL NEG Unknown MON-1 A
MHOM/ES/1992/LLM-339 1992 1 VL Unknown Unknown MON-1 A
MHOM/ES/1992/LLM-335 1992 1 VL POS Unknown MON-1 LOMBARDI
MHOM/ES/1992/LLM-315 1992 4 VL Unknown Unknown MON-1 LOMBARDI
MHOM/ES/1992/LLM-323 1992 5 VL POS »18 MON-1 A
MHOM/ES/1992/LLM-306 1992 5 VL POS Unknown MON-1 A
MHOM/ES/1993/LLM-404 1993 5 VL POS Unknown MON-1 A
MHOM/ES/1994/LLM-410 1994 5 VL POS »18 MON-1 A
MHOM/ES/1995/LLM-442 1995 2 VL POS »18 MON-1 A
MHOM/ES/1995/LLM-468 1995 3 VL Unknown Unknown MON-1 A
MHOM/ES/1995/LLM-450 1995 4 VL POS Unknown MON-1 A
MHOM/ES/1995/LLM-464 1995 5 VL POS »18 MON-1 A
MHOM/ES/1995/LLM-470 1995 5 VL POS »18 MON-1 A
MHOM/ES/1995/LLM-482 1995 5 VL NEG »18 MON-1 A
MHOM/ES/1996/LLM-554 1996 4 VL POS Unknown MON-1 A
MHOM/ES/1996/LLM-549 1996 5 VL POS »18 MON-1 A
MHOM/ES/1996/LLM-556 1996 5 VL POS »18 MON-1 A
MHOM/ES/1996/LLM-548 1996 5 VL POS Unknown MON-1 A
MHOM/ES/1997/LLM-607 1997 4 CL POS >18 MON-1 A
MHOM/ES/1997/LLM-465 1997 5 VL POS >18 MON-1 LOMBARDI
MHOM/ES/1997/LLM-616 1997 5 VL POS »18 MON-1 A
MHOM/ES/1997/LLM-623 1997 5 VL POS Unknown MON-1 A
MHOM/ES/1997/LLM-674 1997 5 VL POS »18 MON-1 A
MHOM/ES/1997/LLM-666 1997 5 CL POS Unknown MON-1 A
MHOM/ES/1997/LLM-665 1997 9 VL POS 5-18 MON-1 A
MHOM/ES/1997/LLM-690 1997 11 VL POS »18 MON-1 LOMBARDI
MHOM/ES/1998/LLM-739 1998 3 VL POS »18 MON-1 A
MHOM/ES/1999/LLM-755 1998 5 VL POS Unknown MON-1 A
MHOM/ES/1998/LLM-789 1998 8 VL NEG »18 MON-1 A
MHOM/ES/1999/LLM-896 1999 5 VL POS Unknown MON-1 LOMBARDI
MHOM/ES/1999/LLM-883 1999 8 cL POS »18 MON-1 A
MHOM/ES/1999/LLM-826 1999 11 VL POS »18 MON-1 A
MHOM/ES/2000/LLM-936 2000 4 VL Unknown Unknown MON-1 LOMBARDI
MHOM/ES/2001/LLM-983 2001 5 VL POS >18 MON-1 A
MHOM/ES/2001/LLM-980 2001 8 VL NEG »18 MON-1 LOMBARDI
MHOM/ES/2001/LLM-984 2001 8 VL NEG »18 MON-1 LOMBARDI
MHOM/ES/2002/LLM-1220 2002 1 VL POS Unknown MON-1 A
MHOM/ES/2002/LLM-1181 2002 1 VL POS Unknown MON-1 A
MHOM/ES/2002/LLM-1166 2002 5 VL POS »18 MON-1 LOMBARDI
MHOM/ES/2003/LLM-1262 2003 1 VL POS Unknown MON-1 A
MHOM/ES/2003/LLM-1304 2003 1 VL NEG »18 MON-1 LOMBARDI

CL: cutaneous leishmaniasis; HIV: human immunodeficiency virus; ITS: ribosomal internal transcribed spacers; NEG: negative; POS: positive;
VL: visceral leishmaniasis; WHO: World Health Organization.

2 |solates ordered by year of isolation, Health Area and zymodeme.
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TABLE 3B
Selected Leishmania infantum MON-1 and MON-24 isolates from Madrid, Spain, 1988-2005 (n=83)

Clinical
form of
leishmaniasis

Year of Health Area of
isolation isolate origin

Age group

Isolate WHO code?® ;
in years

Zymodeme ITS type

MHOM/ES/2003/LLM-1327 2003 5 VL NEG <5 MON-1 A

MHOM/ES/2003/LLM-1258 2003 8 VL NEG »18 MON-1 LOMBARDI
MHOM/ES/2004/LLM-1372 2004 1 VL POS »18 MON-1 A

MHOM/ES/2004/LLM-1377 2004 1 VL POS »18 MON-1 A

MHOM/ES/2004/LLM-1337 2004 5 VL POS Unknown MON-1 A

MHOM/ES/2004/LLM-1461 2004 5 VL POS Unknown MON-1 A

MHOM/ES/2004/LLM-1405 2004 5 VL POS Unknown MON-1 A

MHOM/ES/2004/LLM-1347 2004 10 VL POS Unknown MON-1 A

MHOM/ES/2005/LLM-1524 2005 1 VL Unknown »18 MON-1 A

MHOM/ES/2005/LLM-1523 2005 1 VL Unknown »18 MON-1 A

MHOM/ES/2005/LLM-1492 2005 8 VL POS Unknown MON-1 A

MHOM/ES/1995/LLM-443 1995 4 VL POS Unknown MON-24 LOMBARDI
MHOM/ES/1995/LLM-441 1995 5 VL POS Unknown MON-24 LOMBARDI
MHOM/ES/1995/LLM-485 1995 5 VL POS »18 MON-24 LOMBARDI
MHOM/ES/1995/LLM-465 1995 5 VL POS »8 MON-24 LOMBARDI
MHOM/ES/1995/LLM-456 1995 8 VL NEG 18 MON-24 LOMBARDI
MHOM/ES/1996/LLM-587 1996 2 CL POS »18 MON-24 LOMBARDI
MHOM/ES/1996/LLM-576 1996 5 VL POS 18 MON-24 LOMBARDI
MHOM/ES/1996/LLM-598 1996 5 VL POS »18 MON-24 LOMBARDI
MHOM/ES/1996/LLM-569 1996 11 VL POS Unknown MON-24 LOMBARDI
MHOM/ES/1997/LLM-713 1997 2 CL POS »18 MON-24 LOMBARDI
MHOM/ES/1997/LLM-711 1997 11 VL POS »18 MON-24 LOMBARDI
MHOM/ES/1998/LLM-779 1998 8 VL POS >18 MON-24 LOMBARDI
MHOM/ES/1998/LLM-730 1998 11 VL POS »18 MON-24 LOMBARDI
MHOM/ES/1999/LLM-845 1999 8 VL POS Unknown MON-24 LOMBARDI
MHOM/ES/2000/LLM-957 2000 5 VL Unknown Unknown MON-24 LOMBARDI
MHOM/ES/2001/LLM-1078 2001 1 VL POS Unknown MON-24 LOMBARDI
MHOM/ES/2001/LLM-1065 2001 3 VL POS »18 MON-24 LOMBARDI
MHOM/ES/2001/LLM-1027 2001 8 VL POS Unknown MON-24 LOMBARDI
MHOM/ES/2001/LLM-1032 2001 8 VL POS Unknown MON-24 LOMBARDI
MHOM/ES/2001/LLM-982 2001 1 VL POS »18 MON-24 LOMBARDI
MHOM/ES/2002/LLM-1177 2002 8 CL NEG Unknown MON-24 LOMBARDI
MHOM/ES/2003/LLM-1305 2003 5 VL POS »18 MON-24 LOMBARDI
MHOM/ES/2004/LLM-1346 2004 3 VL POS >18 MON-24 LOMBARDI
MHOM/ES/2004/LLM-1367 2004 8 VL POS Unknown MON-24 LOMBARDI
MHOM/ES/2005/LLM-1475 2005 5 CL NEG <5 MON-24 LOMBARDI
MHOM/ES/2005/LLM-1526 2005 1 VL Unknown Unknown MON-24 LOMBARDI
MHOM/ES/2005/LLM-1478 2005 8 VL NEG »18 MON-24 LOMBARDI
MHOM/ES/2005/LLM-1525 2005 10 VL NEG Unknown MON-24 LOMBARDI

CL: cutaneous leishmaniasis; HIV: human immunodeficiency virus; ITS: ribosomal internal transcribed spacers; NEG: negative; POS: positive;
VL: visceral leishmaniasis; WHO: World Health Organization.

2 |solates ordered by year of isolation, Health Area and zymodeme.
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FIGURE 2
Distribution and ITS type of analysed Leishmania infantum isolates from Madrid, Spain, 1988-2005 (n=83)

ITS types for each zymodeme
@® MON-1ITStypeA

® MON-1ITS type LOMBARDI
9 MON-24 ITS type LOMBARDI

ITS: ribosomal internal transcribed spacers.
The numbers 1-11 represent the 11 Health Areas in Madrid. The ITS types for each zymodeme are shown.
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FIGURE 3

Partial alignment of the eight ITS sequence types for
strains of the Leishmania donovani complex® and the ITS
sequence type LOMBARDI identified in 52 L. infantum
isolates from Madrid, Spain, 2008-12

ITSL poly(Cl+paly(A) ITS1 poly(TA) ITS1 poly(A)

Type A (...)ACCCAAAAAA--—CAT(...)GTATATATAT-----GT(. .. JTAAAAAAAAGG (. . . )
Type 2 E...gACCCAMAM———CATE...gGmTﬂT.ATAT—————!?[E...gTP.MMAAMiEE.. %
ype C (...)ACCCAAAAAA--—CAT(. .. )GTATATATAT-----GT(. .. TAAAAAAA-GGC. .
Type LOMBARDI (...)ACCCAAAAAA---CAT(...)GTATATATAT-----GT(...)TAAARAAAAGGC. ..)
Type D E . .gACCCAMAM———CATE...gGmTﬂT.ATAT—————!?[E. . .gmumm—ess.. %
ype E (...JACC-AAAAAAAA-CATC. ..)GTATATATATATAT-GTL. . . JTAAAAAAAAGGC. .
Type F (...)ACC-AAAAAAAAACATC. .. JGTATATATATAT---GT(. . . JTAAAAAAA-GG(. . . )
Type & E...gacc ARAAAAAA— CATE. .gcmm‘umm‘rfffms...g‘rmmmfess. %
ype H (...JACC-AAAAAAAA-CAT ETATATATATAT---GT(. . . JTAAAMAAA-GGC.
24 33 6l 76 124 134
IT5Z poly(AT) ITS2 poly(TA) IT52 poly(G)
Type & E . .gmr.\mmnr ———TAmcc.AT.qcpmmameuTrE . %
ype B (...)ACATATATATAT----TATACCATACACAGTATATATATAATT
Type C (...)ACATATATATAT--—-TATACCATACACAGTATATATA--ATT(. . .) .
Tope LBARO] {1 AT IAOTOCCITIT T e
ype D (... - -
Type E (...)ACATATATATAT----TATACCATACACAGTATATATATAATTC. . . cend
Type F E . .gACATATATATAT ———TAmcc.AT.qcmmameuTrs + . ) AGGGEG %
ype G (...)ACATATATATAT----TATACCATACACAGTATATATATAATTC. . . ——--TCC...
Type H C...)ACATATATATATATATTATACCATACACAGTATATATATAATTC. . JAGGTEE----TCC... )
453 495 740 751
ITS2 poly(G)+paly(TGE) ITS2 poly(GT) ITS2 poly(AT) ITS2 poly(C)
Type A (...)T-GGGGGGAGGTGG-—-GT(...) TTGTGTGTGTGIGTAL. . .) CATATATATATC(. . . JACCCCC-G(. . .0
PEISRIE - R
ype - GEEGGEAGET GG ———=CC...
Type LOMBARDI (...)T-GGGGGGAGGTGG———GT(...) TTGTGTGTGTGTGTA(. . .) CATATATATATCC. . . JACCCCC-GC. ..}
Type D E gT—GGGGGGAGGrGG—— FI'E. gﬁmcrmmcr fAE...gO\TATATWWC g | ACCCCC E g
ype E ——-GT(...JTTGIGIGTGIGIGTAL . . .JCATATATATATCC. . . JACCCCCCG
Type F ( ~——GT(...)TTGTGTGTGTGTGTA(. . . CATATATATATCC. . . JACCCCCCGC. . . )
Type & E gr—mms...gﬁmmmmﬁg . .gO\TATAT.lTATCE...gACCCCCCGE ;
ype H T-GEGGGEAGETGE——-GT L. . . TTGTGTGTGTGTGTAL. . .J CATATATATATCC. . . JACCCCCCG

834 852 3911 925 937 948 1022 1023

ITS: ribosomal internal transcribed spacers.

Differences between the sequence types are based solely on
polymorphisms of the 12 microsatellites.

2 The eight ITS types were described by Kuhls et al. [23]. Types
A and B were described in L. infantum strains isolated in the
Mediterranean basin, China and Brazil; type C in a L. donovani
strain from China; types D, E and F in L. donovani strains from
Ethiopia and Sudan; type G in L. donovani strains from Kenya
and India and type H in L. donovani strains from India.

authors [23], ITS types A and B correspond to L. infan-
tum from the Mediterranean basin, China and Brazil,
ITS type C corresponds to L. donovani from China, ITS
types D, E and F are associated with L. donovani from
East Africa, ITS type G is found in L. donovani from
Kenya and India, and ITS type H in L. donovani from
India.

Results

Analysis of the 12 microsatellite sites of the ITS1 and
ITS2 concatenated sequences returned two different
ITS types among the 73 isolates in the first assembly
(isolates from the leishmaniasis outbreak area and
other regions of Madrid from 2008 to 2012). ITS type A
was present in 21 of the isolates; the remaining 52 iso-
lates were of a type that had not been described previ-
ously by Kuhls et al. [23]. The concatenated sequence
of both ITS1 and ITS2 corresponding to this second
ITS type was subjected to a BLASTn search [31], which
returned the best score with a sequence correspond-
ing to the L. infantum strain MHOM/ES/87/Lombardi
(Gen Bank Accession Number AJo00295). The 12 micro-
satellite sites found in MHOM/ES/87/Lombardi were
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identical to those observed in the second ITS type we
found (hereafter called ITS-LOMBARDI). Comparison
of ITS-LOMBARDI with the polymorphic microsatellite
types described by Kuhls et al. for the L. donovani com-
plex [23] is shown in Figure 3. ITS-LOMBARDI was com-
mon to all 31 isolates we analysed from the outbreak
that affected Health Areas 9 and 10. These isolates
were confirmed to be L. infantum by hsp7o PCR and
DNA sequencing and further comparison to the DNA
sequences of strains from the L. donovani complex
(GenBank Accession Numbers FN395027-FN395033),
described elsewhere [24].

For the second assembly (L. infantum MON-1 and MON-
24 isolates from 1988 to 2005), 44 of the 55 L. infantum
MON-1 isolates were ITS type A, while 11 were ITS-
LOMBARDI. All 28 L. infantum MON-24 isolates were
ITS-LOMBARDI.

In both assemblies, ITS-A and ITS-LOMBARDI sequence
types were found in isolates from CL and VL cases, as
well as in patients who were HIV-positive and -nega-
tive. Both ITS types are widespread in Madrid, having
being detected in almost all Health Areas, since 1988
(ITS-A) and since 1992 (ITS-LOMBARDI) (Tables 2 and
3). ITS-LOMBARDI was found in all the L. infantum
MON-24 isolates studied, but is not specific to this
zymodeme, given that 11 of the 55 L. infantum MON-1
isolates studied also had this ITS type.

Our phylogenetic analysis included ITS-LOMBARDI in a
cluster — supported by a bootstrap value of 87% — with
ITS types A, B, C and D. However, it is further sepa-
rated from types A and B in a subsequent subcluster
(Figure 4).

Capillary electrophoresis revealed seven different
k26 PCR products sizes for the 73 isolates of the first
assembly studied by this method, ranging from 584 to
962 base pairs (bp). A single PCR product was obtained
for 65 of the 73 isolates, while the other eight showed
a double PCR product of 920 bp and 962 bp. When k26
and ITS data were combined, again, seven genotypes
were obtained, because ITS-A appears to be associ-
ated only with k26 PCR products of 584-794 bp and
ITS-LOMBARDI with larger k26 PCR products (836-962
bp). Four combined genotypes were identified among
the 32 isolates analysed from Health Areas 9 and 10
(31 of which were related to the outbreak), with L-920
(ITS-LOMBARDI in combination with a k26 PCR product
of 920 bp) the most frequent (present in 23 of the 32
isolates). In the other Health Areas (those not affected
by the outbreak), the most frequent combined geno-
type was A-626 (present in 17/41 isolates), followed by
L-920 (present in 12/41 isolates).

No particular association was found between the com-
bined genotypes and the HIV status of the patients or
clinical form of leishamaniasis (cutaneous or visceral).
Of the three cases with localised lymphadenopathy
(LL), two were caused by the combined genotype L-920
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FIGURE 4

Phylogenetic relationships of Leishmania infantum ITS-LOMBARDI within the L. donovani complex
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ITS: ribosomal internal transcribed spacers.

The most parsimonious tree found by heuristic search is presented. It was inferred by parsimony analysis of the nucleotide sequences of
ITS1 and ITS2. The numbers above the branches indicate the percentages with which a given branch is supported in 10,000 bootstrap

replications. ITS types A—H are those described by Kuhls et al. [23].

and one by L-962. The case with mucosal leishmaniasis
(ML) was caused by L-962/920. Two of the LL cases and
the ML case occurred in Health Area 9 (Table 2).

Discussion

To the best of our knowledge, this is the first molecular
typing study of the leishmaniasis outbreak in Madrid
that began in July 2009 and the most comprehen-
sive molecular typing study carried out in Spain with
isolates obtained within such a short period of time
(2008-12) and small geographical area (Table 2). We
also provided further information on 83 L. infantum
MON-1 and MON-24 isolates collected in Madrid during
1988 to 2005.

A previous molecular typing study, which included
L. infantum isolates from Madrid and other regions in
Spain (isolated between 1986 and 1993), reported only
the presence of ITS types A and B for this Leishmania
species [23]. However, in our study 71% (52/73) of the
L. infantum isolates from the first assembly had an ITS
type, ITS-LOMBARDI, which had not been previously
described. This ITS type was also present in all of the

www.eurosurveillance.org

MON-24 and 20% (11/55) of the MON-1 L. infantum iso-
lates from the second assembly. It is noteworthy that
this ITS type was also present in L. infantum MON-24
strain MHOM/ES/87/Lombardi, which was isolated
in Spain (location unknown) in 1987, and its ITS DNA
sequence (AJooo295) was submitted to the GenBank
in year 1998, although no report on this ITS type was
published. Unfortunately, neither this ITS sequence
nor any other obtained from a MON-24 isolate were
included by Kuhls et al. in their study of ITS sequence
analysis of the L. donovani complex [23]. Our phyloge-
netic analysis, following a similar procedure, revealed
that isolates with ITS-LOMBARDI, in spite of being
L. infantum (as shown by MLEE and hsp7o gene DNA
sequence analyses), do not form a clear phylogenetic
group with ITS types A, B (Mediterranean basin, Brazil,
China) and C (China), and are not well separated from
the second main group that includes all strains from
East Africa and India. ITS-LOMBARDI has been circu-
lating in Spain (region unknown) since at least 1987,
based on the WHO code of the strain Lombardi (MHOM/
ES/87/Lombardi). According to our data on the first and
second assemblies presented here, ITS-LOMBARDI is
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frequent in L. infantum isolates from Madrid and has
been present in this region since at least 1992 (Table
3). L. infantum isolates obtained through xenodiag-
nosis from hares captured in an urban park during a
study related to the Madrid outbreak described here
were also typed as ITS-LOMBARDI [5] and this ITS
type is also the only ITS type seen in isolates from all
human cases associated with this outbreak that have
been typed to date.

Another molecular typing study targeting the haspb
(k26) gene included Spanish L. infantum isolates and
revealed PCR product sizes of approximately 626 bp,
870/980 bp, 870/1200 bp and 870/1300 bp [24]. In
our study k26 PCR products sizes of 584-962 bp were
found, with those of 626 and 920 bp being the most
frequent, although among the outbreak-associated
cases only k26 PCR products of 836-962 bp were
found (Table 2). A product size of 920 bp was the most
frequent.

The epidemiological picture of the leishmaniasis out-
break affecting Health Areas 9 and 10 is consistent with
focal transmission of the parasite [16]. This, together
with the fact that the L. infantum isolates obtained
from patients in these areas presented mostly the com-
bined genotype L-920, might suggest that an emerg-
ing, less common or ‘new’ L. infantum strain was the
causative agent of the outbreak. Care must be taken,
however, before drawing this conclusion. Molecular
typing-based surveillance studies of leishmaniasis
are scarce in Madrid and in other parts of Spain, and
probably elsewhere too. Genotype L-920 has been iso-
lated in another five of the 11 Health Areas of Madrid
and has been present in two of them (Health Areas 5
and 8) since at least 2008. Additionally, ITS-LOMBARDI
has been described in an isolate from Spain obtained
in 1987, and in L. infantum MON-1 and MON-24 isolates
from Madrid since 1992 and 1995, respectively, in dif-
ferent Health Areas (Table 3, Figure 2). We believe that
more comprehensive molecular typing-based surveil-
lance studies should be carried out in Spain, as well as
in other leishmaniasis endemic countries. Given that
leishmaniasis is currently re-emerging and spreading
to previously non-endemic areas [21], activities aimed
at bridging research with surveillance, as suggested
by Dujardin et al. [9], will contribute to a better under-
standing of the epidemiology of leishmaniasis and will
allow control strategies to be developed.

In terms of molecular typing, further studies are needed
to ascertain the magnitude and origin of the outbreak
in Madrid, particularly those aiming to identify the par-
asite genotypes circulating among sandflies, dogs and
other alternative reservoirs: the WHO Collaborating
Centre for Leishmaniasis is currently working on this.
The simple analysis of the k26 PCR product size indi-
cates that the outbreak was not caused by a single par-
asite strain (four combined genotypes were found). It
seems more likely that the spread of a long-established
transmission cycle from a nearby area, with its own
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degree of parasite diversity, into an area with a pop-
ulation with little or no immunity against Leishmania
could have originated this outbreak.

In spite of the wide application of molecular methods
to assess Leishmania population structure and to help
in epidemiological studies [32], there are few opportu-
nities to validate molecular markers for leishmaniasis
outbreak investigations. We believe that the results
here presented will contribute to this and, together
with the material collected, we would be able to vali-
date other approaches such as multilocus sequence
typing or multilocus microsatellite typing, taking
advantage of this ‘experiment in nature’ — the outbreak
in south-west Madrid.

Acknowledgements

We would like to give thanks to our colleagues from the
Subdireccion General de Sanidad Ambiental y Epidemiologia,
Direccion General de Atenciéon Primaria y Servicio de
Epidemiologia, and Servicio de Salud Piblica del Area 9,
Comunidad de Madrid (Spain), for their enthusiastic and col-
lective nature during our collaboration on the studies of this
outbreak. We would also like to thank our colleagues from
referral hospitals which routinely contribute to our L. infan-
tum cryo-bank. Last but not least we want to express our sin-
cere gratitude and appreciation to the WHO Department for
the Control of Neglected Tropical Diseases (HTM/NTD/IDM),
Leishmaniasis Control Program, for its continuous support
to the WHO Collaborating Centre for Leishmaniasis at the
Instituto de Salud Carlos Ill. This study was supported in part
by Instituto de Salud Carlos Il (Grant number MPY-1248/12).
Ivonne Pamela Llanes Acevedo is granted by Fundacién para
el Futuro de Colombia, COLFUTURO).

www.eurosurveillance.org



References

1.

10.

11.

12.

13.

14.

15.

16.

Alvar J, Vélez ID, Bern C, Herrero M, Desjeux P, Cano J, et al.
Leishmaniasis worldwide and global estimates of its incidence.
PLoS One. 2012;7(5):e35671. http://dx.doi.org/10.1371/journal.
pone.0035671 PMid:22693548 PMCid:PMC3365071

Chitimia L, Mu-o0z-Garcia Cl, Sanchez-Velasco D, Lizana V, Del
Rio L, Murcia L, et al. Cryptic Leishmaniosis by Leishmania
infantum, a feature of canines only? A study of natural infection
in wild rabbits, humans and dogs in southeastern Spain.

Vet Parasitol. 2011;181(1):12-6. http://dx.doi.org/10.1016/j.
vetpar.2011.04.016 PMid:21592669

Ramirez GA, Pe-afiel-Verd( C, Altimira J, Garcia-Gonzélez
B, Vilafranca M. Naturally acquired visceral leishmaniosis
in a captive Bennett’s wallaby (Macropus rufogriseus
rufogriseus). Vet Pathol. 2013;50(1):188-90. http://dx.doi.
0rg/10.1177/03009858124 46155 PMid:22692623

Sobrino R, Ferroglio E, Oleaga A, Romano A, Millan ], Revilla
M, et al. Characterization of widespread canine leishmaniasis
among wild carnivores from Spain. Vet Parasitol. 2008;155(3-
4):198-203. http://dx.doi.org/10.1016/j.vetpar.2008.05.009
http://dx.doi.org/10.1016/j.vetpar.2008.05.003 PMid:18579311

Molina R, Jiménez MI, Cruz I, Iriso A, Martin-Martin |,
Sevillano O, et al. The hare (Lepus granatensis) as potential
sylvatic reservoir of Leishmania infantum in Spain. Vet
Parasitol. 2012;190(1-2):268-71. http://dx.doi.org/10.1016/].
vetpar.2012.05.006 PMid:22677135

de la Loma A, Alvar J, Martinez Galiano E, Blazquez J,
Alcalda Mu-oz A, Najera R. Leishmaniasis or AIDS? Trans
R Soc Trop Med Hyg. 1985;79(3):421-2. http://dx.doi.
0rg/10.1016/0035-9203(85)90400-6

Desjeux P, Alvar ). Leishmania/HIV co-infections: epidemiology
in Europe. Ann Trop Med Parasitol. 2003;97 Suppl 1:3-15.
http://dx.doi.org/10.1179/000349803225002499
PMid:14678629

Alvar ), Aparicio P, Aseffa A, Den Boer M, Ca-avate C, Dedet

JP, et al. The relationship between leishmaniasis and AIDS:
the second 10 years. Clin Microbiol Rev. 2008;21(2):334-59.
http://dx.doi.org/10.1128/CMR.00061-07 PMid:18400800
PMCid:PMC2292576

Dujardin JC, Campino L, Ca-avate C, Dedet JP, Gradoni

L, Soteriadou K, et al. Spread of vector-borne diseases

and neglect of Leishmaniasis, Europe. Emerg Infect Dis.
2008;14(7):1013-8. http://dx.doi.org/10.3201/eid1407.071589
PMid:18598618 PMCid:PMC2600355

Ready PD. Leishmaniasis emergence in Europe. Euro
Surveill. 2010;15(10):pii=19505. Available from: http://www.
eurosurveillance.org/ViewArticle.aspx?Articleld=19505
PMid:20403308

Maroli M, Rossi L, Baldelli R, Capelli G, Ferroglio E, Genchi
C, et al. The northward spread of leishmaniasis in Italy:
evidence from retrospective and ongoing studies on the canine
reservoir and phlebotomine vectors. Trop Med Int Health.
2008;13(2):256-64.
http://dx.doi.org/10.1111/j.1365-3156.2007.01998.x
PMid:18304273

Biglino A, Bolla C, Concialdi E, Trisciuoglio A, Romano A,
Ferroglio E. Asymptomatic Leishmania infantum infection in
an area of northwestern Italy (Piedmont region) where such
infections are traditionally nonendemic. J Clin Microbiol.
2010;48(1):131-6.

http://dx.doi.org/10.1128/)CM.00416-09 PMid:19923480
PMCid:PMC2812267

Miré G, Checa R, Montoya A, Hernandez L, Dado D, Galvez
R. Current situation of Leishmania infantum infection in
shelter dogs in northern Spain. Parasit Vectors. 2012;5:60.
http://dx.doi.org/10.1186/1756-3305-5-60 PMid:22452948
PMCid:PMC3348073

Farkas R, Tanczos B, Bongiorno G, Maroli M, Dereure J,

Ready PD. First surveys to investigate the presence of canine
leishmaniasis and its phlebotomine vectors in Hungary. Vector
Borne Zoonotic Dis. 2011;11(7):823-34.
http://dx.doi.org/10.1089/vbz.2010.0186 PMid:21254904

Tanczos B, Balogh N, Kiraly L, Biksi I, Szeredi L, Gyurkovsky
M, et al. First record of autochthonous canine leishmaniasis
in Hungary. Vector Borne Zoonotic Dis. 2012;12(7):588-94.
http://dx.doi.org/10.1089/vbz.2011.0906 PMid:22607079
PMCid:PM(C3398396

Servicio de Epidemiologia de la Comunidad de Madrid. Brote
comunitario de leishmaniasis en la zona suroeste de la
Comunidad de Madrid, 2009-2012. [Community outbreak of
leishmaniasis in the southwest region of Madrid Autonomous
Community]. Boletin Epidemiolégico de la Comunidad de
Madrid. 2011;17(12):25-32. Spanish. Available from: http://
www.madrid.org/cs/Satellite?blobcol=urldata&blobheader=a
pplication%2Fpdf&blobheadername1=Content-Disposition&bl
obheadervaluei=filename%3DDiciembre2o11.pdf&blobkey=id

www.eurosurveillance.org

17.

18.

19.

20.

21.

22.

23.

24.

25,

26.

27.

28.

29.

30.

31.

32.

&blobtable=MungoBlobs&blobwhere=13109620315498&ssbin
ary=true

Arce A, Estirado A, Ordobas M, Sevilla S, Garcia N, Moratilla
L, et al. Re-emergence of leishmaniasis in Spain: community
outbreak in Madrid, Spain, 2009 to 2012. Euro Surveill.
2013;18(30):pii=20546. Available from: http://www.
eurosurveillance.org/ViewArticle.aspx?Articleld=20546

Chicharro C, Jiménez MI, Alvar J. Iso-enzymatic
variability of Leishmania infantum in Spain. Ann Trop
Med Parasitol. 2003;97 Suppl 1:57-64. http://dx.doi.
0rg/10.1179/000349803225002534 PMid:14678633

Cruz I, Chicharro C, Nieto J, Bailo B, Ca-avate C, Figueras MC,
et al. Comparison of new diagnostic tools for management
of pediatric Mediterranean visceral leishmaniasis. ] Clin
Microbiol. 2006;44(7):2343-7. http://dx.doi.org/10.1128/
JCM.02297-05 PMid:16825347 PMCid:PMC1489479

Pratlong F, Rioux JA, Marty P, Faraut-Gambarelli F, Dereure

J, Lanotte G, et al. Isoenzymatic analysis of 712 strains of
Leishmania infantum in the south of France and relationship
of enzymatic polymorphism to clinical and epidemiological
features. ) Clin Microbiol. 2004;42(9):4077-82. http://dx.doi.
0rg/10.1128/JCM.42.9.4077-4082.2004 PMid:15364993
PMCid:PMC516332

World Health Organization (WHO). Control of the
leishmaniases: report of a meeting of the WHO Expert
Committee on the Control of Leishmaniases, Geneva, 22-26
March 2010. Geneva: WHO; 2010. WHO technical report series;
no. 949. Available from: http://whqlibdoc.who.int/trs/WHO_
TRS_949_eng.pdf

Schénian G, Kuhls K, Mauricio IL. Molecular approaches for

a better understanding of the epidemiology and population
genetics of Leishmania. Parasitology. 2011;138(4):405-25.
http://dx.doi.org/10.1017/50031182010001538 PMid:21078222

Kuhls K, Mauricio IL, Pratlong F, Presber W, Schénian G.
Analysis of ribosomal DNA internal transcribed spacer
sequences of the Leishmania donovani complex. Microbes
Infect. 2005;7(11-12):1224-34. http://dx.doi.org/10.1016/j.
micinf.2005.04.009 PMid:16002315

Haralambous C, Antoniou M, Pratlong F, Dedet JP, Soteriadou
K. Development of a molecular assay specific for the
Leishmania donovani complex that discriminates L. donovani/
Leishmania infantum zymodemes: a useful tool for typing
MON-1. Diagn Microbiol Infect Dis. 2008;60(1):33-42. http://
dx.doi.org/10.1016/j.diagmicrobio.2007.07.019 PMid:17889482

Fraga ], Montalvo AM, De Doncker S, Dujardin JC, Van der
Auwera G. Phylogeny of Leishmania species based on the heat-
shock protein 70 gene. Infect Genet Evol. 2010;10(2):238-45.
http://dx.doi.org/10.1016/j.meegid.2009.11.007 PMid:19913110

Hall TA. BioEdit: a user-friendly biological sequence alignment
editor and analysis program for Windows 95/98/NT. Nucleic
Acids Symp Ser. 1999;41:95-8.

Depledge DP, Maclean LM, Hodgkinson MR, Smith BA, Jackson
AP, Ma S, et al. Leishmania-specific surface antigens show
sub-genus sequence variation and immune recognition. PLoS
Negl Trop Dis. 2010;4(9):€829. http://dx.doi.org/10.1371/
journal.pntd.0000829 PMid:20927190 PMCid:PMC2946902

Zackay A, Nasereddin A, Takele Y, Tadesse D, Hailu W,
Hurissa Z, et al. Polymorphism in the HASPB repeat region
of East African Leishmania donovani strains. PLoS Negl Trop
Dis. 2013;7(1):e2031. http://dx.doi.org/10.1371/journal.
pntd.0002031 PMid:23358849 PMCid:PMC3554577

Bhattacharyya T, Boelaert M, Miles MA. Comparison of
visceral leishmaniasis diagnostic antigens in African and Asian
Leishmania donovani reveals extensive diversity and region-
specific polymorphisms. PLos Negl Trop Dis. 2013;7(2):e2057.
http://dx.doi.org/10.1371/journal.pntd.oo02057
PMid:23469296 PMCid:PM(C3585016

Felsenstein ). PHYLIP-Phylogeny Inference Package (version
3.2). Cladistics.1989; 5: 164-6.

BLAST. Basic local alignment search tool. [Accessed 15 Mar
2012]. Available from: http://blast.ncbi.nlm.nih.gov/
Schénian G, Mauricio I, Gramiccia M, Ca-avate C, Boelaert M,
Dujardin JC. Leishmaniases in the Mediterranean in the era of
molecular epidemiology. Trends Parasitol. 2008;24(3):135-42.
http://dx.doi.org/10.1016/j.pt.2007.12.006 PMid:18262469

77



RESEARCH ARTICLES

Leishmania infantum in free-ranging hares, Spain, 2004-

2010

F Ruiz-Fons (josefrancisco.ruiz@uclm.es), E Ferroglio?, C Gortazar:

1. Instituto de Investigacion en Recursos Cinegéticos, Animal Health and Biotechnology (SaBio) Group, Ciudad Real, Spain
2. Dipartimento di Produzioni Animali, Epidemiologia ed Ecologia, Facolta di Medicina Veterinaria, Universita degli Studi di

Torino, Grugliasco, Italy

Citation style for this article:

Ruiz-Fons F, Ferroglio E, Gortazar C. Leishmania infantum in free-ranging hares, Spain, 2004-2010. Euro Surveill. 2013;18(30):pii=20541. Available online: http://

www.eurosurveillance.org/ViewArticle.aspx?Articleld=20541

Iberian hares (Lepus granatensis) were recently
deemed responsible for an outbreak of human leish-
maniasis affecting metropolitan Madrid, Spain.
However, the reservoir potential of hares in Europe
is poorly known. We report a retrospective survey on
Leishmania infantum, the causal agent of zoonotic
endemic leishmaniasis in the Mediterranean basin,
infection status of Iberian, European (Le. europaeus)
and Broom (Le. castroviejoi) hares in Spain. Spleen
samples from 94 hares were tested by polymerase
chain reaction. Sequencing and restriction fragment
length polymorphism (RFLP) assays were performed
on positive samples and RFLP patterns compared with
those of strains reported in the scientific literature.
DNA prevalence in hare spleen samples was 43.6%
(95% confidence interval: 33.6-53.6). In all six regions
studied at least one positive sample was found. RFLP
revealed existence of specific hare strains of L. infan-
tum differing from those reported in wild carnivores in
Spain. The widespread presence of L. infantum in the
most abundant Spanish hare species and the recent
evidence of the ability of naturally infected hares to
transmit the pathogen to Phlebotomus perniciosus,
its main vector in the western Mediterranean, suggest
that hares may have an unexpected role in the epide-
miology of L. infantum in Spain.

Introduction

Diseases at the wildlife-livestock-human interface are
an increasing concern for public health, animal health
and animal conservation authorities worldwide [1].
Also, wildlife-associated infectious diseases are at
the top of human emerging diseases [2]. Basic epide-
miologic knowledge would constitute the foundation
for targeted prevention and control measures of wild-
life-associated diseases, but knowledge is scarce for
many of the currently emerging threats; Leishmaniasis
in Europe is a good example. Endemic Mediterranean
leishmaniasis is a disease of animals and humans
caused by Leishmania infantum, a protozoan causing
both visceral and cutaneous zoonotic leishmaniasis
in the Mediterranean basin. L. infantum has recently
spread northward from Mediterranean to temperate
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climates in Europe (e.g. Hungary and northern ltaly),
apparently linked to climate change [3] but perhaps
also linked to increased movements of infected hosts,
mostly dogs, from endemic Mediterranean areas [4].
Thus, leishmaniasis caused by L. infantum can be con-
sidered as a potentially emerging threat for central and
northern European countries [4].

Dogs are deemed as major reservoirs of L. infantum
since they efficiently replicate the protozoan parasite
and are preferred hosts for vector phlebotomine sand-
flies [4]. Wild carnivores such as the wolf (Canis lupus),
the red fox (Vulpes vulpes), the Egyptian mongoose
(Herpestes ichneumon), the genet (Geneta geneta), the
pine marten (Martes martes) or the Iberian lynx (Lynx
pardinus) have also been implicated in the maintenance
of L. infantum [5,6]. Recently, naturally infected Iberian
hares (Lepus granatensis) were found to efficiently
allow infection of Phlebotomus perniciosus sandflies
with L. infantum [7]. Iberian hares were deemed as the
main reservoirs of a leishmaniasis outbreak causing
more than 260 human cases in the southwestern met-
ropolitan area of Madrid since 2009 [7,8].

Three different hare species inhabit the Iberian
Peninsula: (i) the Iberian hare that is present in vast
areas of the Iberian Peninsula, (ii) the European brown
hare (Le. europaeus) that lives in northern and north-
eastern Spain, and (iii) the Broom hare (Le. castrovie-
joi) that can be found in the Cantabrian Mountains [9].
Since basic information on the relationship between L.
infantum and Iberian hare species is only anecdotal [7]
and Le. granatensis populations are abundant and sta-
ble [10, unpublished data], we designed a retrospec-
tive survey on samples collected from Spanish hares
through wildlife disease surveillance programs.

Methods

Spleen samples from a subset of hares (n=94) col-
lected during necropsies performed over carcasses of
animals found dead or harvested by hunters in Spain
from 2004 to 2010 were used in this study. Sample
collection was opportunistic since they were obtained
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FIGURE

Location of hare sampling points by geographic region, Spain, 2004-2010
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through Spanish wildlife disease surveillance pro-
grams. Hare tissues were preserved frozen at -202C
until analysed.

According to their origin, samples were allocated to six
geographic regions (listed here from north to south):
Atlantic, Northern plateau, Northeast, Centre, Southern
plateau and Guadalquivir river valley (Figure).

Total genomic DNA from spleen samples was extracted
using a commercial kit (GenomeElute, Sigma-Aldrich,
St. Louis, MO) following the manufacturer’s protocol. A
previously described polymerase chain reaction (PCR)
targeting a 145 bp fragment present on the high copy
of kDNA minicircles of L. infantum was performed on
spleen samples [11]. PCR products were elicited by PCR
fragment size estimation in comparison with two molec-
ular weight standards: PCR 100 pb Low Ladder and pBR
322 Haelll Digest (Sigma-Aldrich, St. Louis, MO) after

www.eurosurveillance.org

electrophoresis in 2% agarose gel. Amplicons from 23
positive hares were sequenced to confirm L. infantum
infection. Moreover, a restriction fragment length poly-
morphism (RFLP) assay was performed on all positive
samples to compare amplicon patterns with previous
studies from peninsular Spain [5]. For the RFLP assay,
15 pl of PCR product were digested with restriction
enzymes BsiY I and Mlun NI as previously reported [12].

Basic comparison of prevalence values between sexes,
species and geographic regions was performed by
means of chi-squared tests. Statistical uncertainty was
assessed by calculating the 95% confidence interval
(CI) for each of the proportions according to the expres-
sion 95% Cl. = 1.96[p(1 — p)/n]*/> (where “p” is the pro-
portion in its unitary value and “n” is the sample size)
and expressed in percentage.
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TABLE 1

Prevalence of Leishmania infantum infection in hares by geographic region and species, Spain, 2004-2010 (n=94)

Geographic region

Hare species

Number of samples

.. Prevalence in percent
Positive P

(95% CI)

. Le. europaeus 14 9 64.3 (39.2-89.4)

Atlantic —

Le. castroviejoi 2 o 0.0 (n.a.)
Northern plateau Le. granatensis 5 1 20.0 (0.0-55.1)

Le. europaeus 2 o 0.0 (n.a.)
Northeast -

Le. granatensis 5 3 60.0 (17.1-100.0)
Centre Le. granatensis 10 6 60.0 (29.6-90.3)
Southern plateau Le. granatensis 54 21 38.8 (21.8-51.8)
Guadalquivir river valley Le. granatensis 2 1 50.0 (0.0-100.0)
Total 94 41 43.6 (33.6-53.6)

Cl: confidence interval; Le: Lepus; n.a.: not applicable.

IBM SPSS 19.0 Statistical Package software (IBM
Corporation, New York, USA) was employed for statisti-
cal analyses.

Results

Spleen samples analysed belonged to Le. granaten-
sis (n=76; 24 males, 29 females and 23 unsexed), Le.
europaeus (n=16; 5 males, 8 females and 3 unsexed)
and Le. castroviejoi (n=2; both females).

The collected hare species were from the (i) Atlantic
region:14 Le. europaeus and two Le. castroviejoi ; (ii)
Northern plateau region: five Le. granatensis; (iii) the
Northeastern region: five Le. granatensis and two Le.
europaeus; (iv) Centre region: 10 Le. granatensis; (v)
Southern plateau region: 54 Le. granatensis; and (vi)
Guadalquivir river valley region: two Le. granatensis.

Overall, 41 out of 94 Spanish hares (43.6%; 95% Cl:
33.6 to 53.6) were positive for the presence of L. infan-
tum DNA. At least one positive hare was found in each
of the six geographic regions surveyed (Table 1). Both
Iberian and European hares tested positive for pres-
ence of L. infantum DNA by PCR.

No statistically significant differences in prevalence
were observed between sexes: males (n=29) 44.8%
(95% Cl: 26.8 to 62.8) and females (n=39) 46.2% (95%
Cl: 30.2 to 62.2); species: Le. granatensis 42.1% (95%
Cl: 31.1 to 53.1), Le. europaeus 56.3% (95% Cl: 32.3
to 80.3) and Le. castroviejoi 0%; and regions (Table
1). Interestingly, the highest prevalence value was
observed in hares from Central and Atlantic regions.

Sequencing was successful from nine hares and homol-
ogy with L. infantum kinetoplast DNA ranged from 94%
t0 99%.

Twenty-two RFLP patterns were obtained from 32 hares

(see Table 2). Thirteen RFLP patterns were found in
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thirteen individuals; six from the Atlantic region, six
from Southern plateau region and one from Centre
region. Eight patterns were each present in two differ-
ent hares; two of the patterns were exclusively present
in hares from Southern plateau region and one was
only present in hares from Centre region, while five of
these eight patterns were present in hares from differ-
ent geographic regions — two in hares from Atlantic and
Southern plateau regions respectively, one in hares
from Northern plateau and Southern plateau regions,
one in hares from Centre and Southern plateau regions
and one in hares from Atlantic and Centre regions.
Finally, one of the 22 patterns was present in three dif-
ferent hares: two from Southern plateau and one from
Northeast region.

Nine different patterns were found in the nine positive
hares (all Le. europaeus) from Atlantic region (Table
2). Five hares from Centre region (all Le. granatensis)
presented four different patterns. Sixteen hares from
Southern plateau (all Le. granatensis) presented 13 dif-
ferent patterns. RFPL patterns identified in one hare
from Northeast region and one hare from Northern pla-
teau were also present in other regions.

No similarities were found between hare RFLP patterns
and those previously found in wild carnivores from
continental Spain [5].

Discussion

This study shows that L. infantum is present in two of
the three Spanish hare species and that specific ‘hare
strains’ of L. infantum circulate in Spain. However,
the low number of samples from Le. castroviejoi — an
endangered species — prevented determining if they
are exposed to L. infantum. We selected testing the
presence of L. infantum DNA in spleen samples instead
of detecting antibody presence because we aimed to
measure the occurrence of effective infections rather
than detecting exposure. The effect of possible local
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TABLE 2

Allocation to geographic region of the 22 Leishmania
infantum restriction fragment length polymorphism
patterns identified from hares, Spain 2004-2010 (n=32)

Hare

RFLP pattern

number number Species Geographic region
1 1 Le. europaeus Atlantic
2 2 Le. europaeus Atlantic
3 3 Le. granatensis Southern plateau
4 4 Le. granatensis Southern plateau
5 4 Le. granatensis Southern plateau
6 5 Le. europaeus Atlantic
7 6 Le. europaeus Atlantic
8 6 Le. granatensis Southern plateau
9 7 Le. europaeus Atlantic
10 8 Le. granatensis Northern plateau
11 8 Le. granatensis Southern plateau
12 9 Le. granatensis Southern plateau
13 10 Le. granatensis Centre
14 11 Le. granatensis Southern plateau
15 12 Le. europaeus Atlantic
16 13 Le. granatensis Southern plateau
17 13 Le. granatensis Centre
18 14 Le. europaeus Atlantic
19 14 Le. granatensis Centre
20 15 Le. granatensis Southern plateau
21 15 Le. granatensis Southern plateau
22 16 Le. granatensis Southern plateau
23 17 Le. granatensis Southern plateau
24 18 Le. granatensis Centre
25 18 Le. granatensis Centre
26 19 Le. granatensis Southern plateau
27 19 Le. granatensis Northeast
28 19 Le. granatensis Southern plateau
29 20 Le. granatensis Southern plateau
30 21 Le. granatensis Southern plateau
31 21 Le. europaeus Atlantic
32 22 Le. europaeus Atlantic

Le: Lepus; RFLP: restriction fragment length polymorphism.

temporal trends in L. infantum prevalence caused by
changes in vector and host population dynamics could
have had an effect on prevalence rates found in this
study.

In spite of sample size limitations in this study, overall
L. infantum DNA prevalence in Le. granatensis and Le.
europaeus seems to be above the 30% (lower limits of
estimated confidence intervals). The finding of positive
hares in each of the six geographic regions surveyed
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suggests that L. infantum is widely spread in Spanish
hare populations. These findings together with the
recent evidence of the ability of Ph. perniciosus to get
infected through feeding on Le. granatensis [7], evi-
dences the reservoir potential of hares for L. infantum.
Infection by L. infantum in Iberian hares seems not to
cause clinical disease [7] and thus L. infantum may not
be of direct concern for hare conservation purposes.
However, since L. infantum is an important pathogen
for humans and other mammals, animal health and
conservation authorities in Spain should be aware of
the indirect consequences on conservation and wildlife
management caused by their potential role as L. infan-
tum reservoir.

Both Iberian and European hares are widely distrib-
uted in Spain, and their impact in the epidemiology
of Mediterranean leishmaniasis deserves further
research. Our findings suggest that hares have the
potential to modulate the ecology of L. infantum in
the near future as already evidenced in the outskirts
of Madrid. The European hare inhabits vast areas of
central Europe [13], constituting a potential European
reservoir for L. infantum. This should be carefully con-
sidered when modeling the spread of L. infantum in
those areas. Translocation of European and lIberian
hares for hunting purposes between European coun-
tries is frequent e.g. between Spain and France [14,15].
This increases the chance of introducing L. infantum
to new areas or other European countries via infected
hares. It could also explain the great diversity of RFLP
patterns found in European hares from the Atlantic
region in Spain, where introduction of animals from
French farms is common [15]. Moreover, transloca-
tion of hares at the national scale is frequent, which
could explain the finding of similar PCR-RFLP patterns
from hares surveyed in different geographic regions.
Otherwise, our findings would indicate the existence
of a widespread pattern of L. infantum strains in hares
across Spain.
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We describe Leishmania species determination on
clinical samples on the basis of partial sequencing
of the heat-shock protein 70 gene (hsp70), without
the need for parasite isolation. The method is espe-
cially suited for use in non-endemic infectious disease
clinics dealing with relatively few cases on an annual
basis, for which no fast high throughput diagnostic
tests are needed. We show that the results obtained
from this gene are in nearly perfect agreement with
those from multilocus enzyme electrophoresis, which
is still considered by many clinicians and the World
Health Organization (WHO) as the gold standard in
Leishmania species typing. Currently, 203 sequences
are available that cover the entire hsp7o gene region
analysed here, originating from a total of 41 leishma-
niasis endemic countries, and representing 15 spe-
cies and sub-species causing human disease. We also
provide a detailed laboratory protocol that includes a
step-by-step procedure of the typing methodology, to
facilitate implementation in diagnostic laboratories.

Introduction

As a result of current human mobility, European infec-
tious disease clinics are occasionally confronted with
leishmaniasis patients who got infected in an area
endemic for Leishmania outside their own country.
Typically it concerns tourists, expatriates, military
staff, migrants, and relatives visiting friends or fam-
ily. In many of these centres, the number of such cases
seen annually is limited, and investing in the valida-
tion of high-throughput methods for discriminating
the medically relevant species is therefore too costly.
Nevertheless, especially in the case of tegumentary
leishmaniasis, knowledge of the aetiological agent is
highly relevant, as the disease prognosis and treat-
ment choice depend on it [1-8]. However, one cannot
always rely on the known epidemiology in the sus-
pected region of infection. Firstly, because such infor-
mation is often inaccurate or outdated, and secondly,
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because the geographic area where the patient got
infected may not be known exactly if they resided in
different endemic areas or countries. Moreover, even
if the exact location of infection and epidemiology are
known, different species may circulate sympatrically in
a given region. Hence, there is a need for easily appli-
cable, straightforward and standardised species dis-
crimination methods that must above all be accurate,
rather than allowing to handle many samples in a high-
throughput fashion.

Over the past few years, we have been investing in
the use of the heat-shock protein 70 gene (hspyo) for
discrimination of medically important Leishmania spe-
cies worldwide [9-12]. Initially developed for species
discrimination in the New World subgenus L. (Viannia)
by restriction fragment length polymorphism (RFLP)
analysis [13], we have upgraded the specificity and
sensitivity of the hsp7o PCR amplification strategy to
suit all Leishmania species [12]. In this paper we report
on the power of Leishmania species typing on the basis
of hsp7o sequences rather than RFLP. The approach is
directed specifically towards diagnosis in clinical labo-
ratories dealing with relatively few cases on an annual
basis, such as our Institute of Tropical Medicine in
Antwerp where an average of 15 patients are diagnosed
each year. The method described here was developed
in the framework of a European consortium of tropi-
cal infectious disease clinics called ‘LeishMan’ (www.
leishman.eu), embedded in the European network for
tropical medicine and travel health TropNet (www.tro-
pnet.net). LeishMan aims at characterising Leishmania
parasites using a standardised molecular assay that
can be applied for clinical samples, without the need
for parasite culture.

Several other single-locus assays have been used for

sequence-based species discrimination, such as the
mini-exon, the 7SL-RNA, and the ribosomal DNA-ITS1
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FIGURE 1

Position of PCR primers and products used for sequencing on the hsp70 coding region of Leishmania major strain

<« HSP70-R617 <« HSP70-R1310

MHOM/IL/81/Friedlin
HSP70-F25 » HSP70-6F »
PCR-N (593 bp) [552 bp]
PCR
fragments

PCR-T (766 bp) [723 bp]

PCR-F (1,286 bp) [1,245 bp]

PCR fragment from [13]

GenBank accession number FR796424.

The size of the PCR products is indicated between round brackets. The size of the sequenced fragments between the PCR primers is indicated

between square brackets.

Black arrow in 5’ to 3’ direction. P primer extending in the sense direction of the gene; « primer extending in the antisense direction of the

gene. The region in the white box is the PCR fragment reported in [13].

[14-17]. We found that hsp7o has some advantages
over these (data not shown): it is easily comparable
across all Leishmania species worldwide as there is no
size variation in the gene [9], it discriminates all rel-
evant species in both subgenera L. (Leishmania) and
L. (Viannia), and PCRs have been optimised for direct
amplification from clinical samples [10,12]. The gene
is arranged as a tandem repeat unit, with almost no
sequence variation between the coding sequences of
the different copies [18,19]. In this paper we assess the
concordance of Leishmania species typing with hsp7o
sequences on the one hand, and results obtained from
other genetic targets and multilocus enzyme electro-
phoresis (MLEE) on the other hand.

Methods

Hsp70 amplification and sequencing

Leishmania hsp7o sequences from 64 cultures and
36 rDNA-PCR-confirmed [20,21] clinical samples were
determined on the basis of a single PCR amplicon,
i.e. PCR-F in Figure 1. Ca. 50 of these cultures were
obtained from the Centre National de Référence des
Leishmania (Montpellier, France). Among the clini-
cal samples, 27 were from cutaneous lesions (mostly
biopsies), one from a mucocutaneous lesion, two
from visceral leishmaniasis patients, and six from an
unknown clinical background. In the rare occasions
where direct amplification of PCR-F failed from the
clinical sample DNA extract, or when an insufficient
amount of amplicon was obtained for sequencing, two
shorter PCRs were used that together cover the same
fragment: PCR-N and PCR-T (Figure 1). These can be run
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directly on the sample DNA, or alternatively as hemi-
nested PCRs using the PCR-F amplicon as first round
PCR. A detailed protocol is available from www.itg.be/
LeishmaniaHSP7o.

All PCRs were performed in 25 pl 1x standard PCR
buffer (Qiagen, Hilden, Germany), supplemented by
1 mM MgCl? and 1x Qiagen Q-solution. Each reaction
used 200 pM of each dNTP, 0.8 pM of each PCR primer
(Table), and 1U of HotStarTaq Plus DNA polymerase
(Qiagen). Up to 2.5 pl of template were used. Cycling
conditions were as follows: 5 min at 95 °C denatura-
tion; 35 cycles of 40 sec at 94 °C, 1 min at 61 °C, 2 min
at 72 °C; and finally 10 min at 72 °C. For PCR-N and PCR-
T, the elongation step was shortened to 1 min at 72 °C.

PCR products were analysed on a 2% agarose gel to
check for sufficient and specific amplification, based
on the expected product sizes outlined in Figure 1.
The fragments were sequenced with primers inter-
nal in the PCR fragment (see protocol on www.itg.be/
LeishmaniaHSP70). In some strains, a second nucleo-
tide was detected below the main trace signal at some
sequence positions. In such cases, IUPAC ambiguity
codes [22] were introduced in the sequence when-
ever the secondary nucleotide showed at least 20%
of the intensity of the main peak in each sequence
read covering the respective position. The sequences
from reference strains were submitted to the European
Nucleotide Archive (www.ebi.ac.uk/ena).

Sequence analysis and typing
For the analysis presented in this paper, we compiled
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TABLE

PCR primers used for amplification of the partial hsp70 coding region

Annealing end

Annealing start

Primer name Sequence (5'-3") Orientation 6 G iy oG
HSP70-F25 PCR-F/N GGACGCCGGCACGATTKCT 19 Sense 480 498
HSP70-6F PCR-T GTGCACGACGTGGTGCTGGTG 21 Sense 1,000 1,020
HSP70-R617 PCR-N CGAAGAAGTCCGATACGAGGGA 22 Antisense 1,072 1,051
HSP70-R1310 PCR-F/T CCTGGTTGTTGTTCAGCCACTC 22 Antisense 1,765 1,744

2Annealing position in GenBank entry FR796424 (hspyo of L. major Friedlin strain).

Primers are listed in order of annealing in the coding sequence of the gene, from 5’-3’ terminus.

107 available sequences covering the 1,245 bp hsp7o
PCR-F fragment (Figure 1) from GenBank (www.
ncbi.nlm.nih.gov/genbank, accessed on 25 June
2013). These were aligned with the 100 sequences
determined in this study. From the total of 207
sequences, 84 were typed by MLEE, and 54 on the
basis of genes other than hsp7o. Many MLEE-typed
isolates were analysed with genetic methods as
well. For 12 sequences, we relied on the species
identification as listed in GenBank, where the typing
method is not specified. Finally, no typing data were
available for the remaining 57 sequences, which
included those determined for diagnosis. For the
sequences described in the paper by Zhang et al. [23],
we did not rely on the GenBank identification, as this
was in conflict with data in the paper itself. Aligning
was done manually, which was straightforward as
no size variation was detected in 205 sequences,
while two sequences showed a deletion of three
nucleotides, corresponding to one amino acid.

Species delineation was based upon the clustering
of aligned sequences in a comparative dendrogram,
which was constructed with the freely available soft-
ware package MEGAs5 [24]. Dendrograms were built
from the variable sites in the alignment using the
neighbour-joining method, with pairwise gap deletion
and 2,000 bootstrap replicates. As our aim was to find
the most discriminative analysis method rather than to
study evolution, we based our dendrograms on p dis-
tances, and not on other models such as the popular
Kimura 2-parameter method for calculating corrected
distances. More details are available from the protocol
on www.itg.be/LeishmaniaHSP7o.

Results

The final alignment contained 207 sequences from 42
Leishmania-endemic countries, representing 18 spe-
cies of which 15 are causing human disease (Figure
2 and supplementary dendrogram available at www.
itg.be/LeishmaniaHSP70). As further detailed in the
Discussion, four GenBank entries contained sequences
that did not correspond to the indicated isolate,
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reducing the number of trustworthy sequences to 203
from 41 countries.

The clustering of a representative selection of the
hsp7o sequences is depicted in Figure 3. A dendrogram
of the complete set of available hsp7o sequences can
be found at www.itg.be/LeishmaniaHSP70. The medi-
cally relevant clusters indicated in bold in these figures
could be easily discriminated, and were supported
by bootstrap values between 89 and 99% (Figure 3).
These generally coincided with recognised species
complexes. Within these complexes, a further distinc-
tion was possible, as indicated by the dotted lines.
These subdivisions had a lower bootstrap support,
between 53 and 71% (Figure 3).

Almost all hspyo clusters showed a perfect agree-
ment with MLEE-based classifications (isolates identi-
fied with ‘M. species’) and typing results from genetic
loci different from hspyo (identified with ‘G. species’).
There were nevertheless a few exceptions, which are
indicated with * and ** following the taxon designation.
Of the 81 isolates typed on the basis of MLEE and from
which a trustworthy hsp7o sequence was reported, 76
(94%) grouped in the respective hspyo cluster. Of the
54 isolates typed on the basis of non-hsp7o genetic
loci, 50 (93%) grouped in the respective hspyo clus-
ter. A few isolates did not group with any known spe-
cies clade, notably IMON/CN/90/KXG-Y, MHOM/--/94/
CRE58, MHOM/PE/--/CU00181, MHOM/PE/95/LQ-8,
and MCAN/IR/96/LON-49.

The L. braziliensis isolates separated into two clearly
distinct clusters, named L. braziliensis outlier and L.
braziliensis complex, which also contained L. peruvi-
ana. Even though these two clusters are sister taxa,
the bootstrap support was weak (53%). In some den-
drograms, the two clusters did not form sister clades,
and the outliers rather grouped with L. naiffi (results
not shown). One strain, MHOM/PE/--/CU00181, was
intermediate between both L. braziliensis clusters.
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FIGURE 2

Geographic origin of Leishmania hsp70 sequences analysed in this study (n=190)
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Of 203 trustworthy sequences, this figure includes the 190 with known origin of infection and species.

The shaded areas are considered endemic for Leishmania, the darkly shaded areas carry the heaviest burden of visceral and/or cutaneous
leishmaniasis according to [46]. Strains are assigned at country level, the position of the symbols within a country has no meaning. The
former Soviet Union is considered as one country; Costa Rica and Panama are joined because of their small size. If one symbol represents
several strains, the number is given on the right, otherwise it represents only one strain.

Species: aet: L. aethiopica; ama: L. amazonensis; arc: L. archibaldi; bra: L. braziliensis; braO: L. braziliensis outlier; bra-braO: hybrid; cha:
L. chagasi; don: L. donovani; gar: L. garnhami; ger: L. gerbilli; guy: L. guyanensis; inf: L. infantum; \ai: L. lainsoni; maj: L. major; mex:

L. mexicana; nai: L. naiffi; pan: L. panamensis; per: L. peruviana; sia: L. siamensis; tar: L. tarentolae; tro: L. tropica; tur: L. turanica.

Using the here presented hspyo clustering system, we
have so far been able to determine the infecting spe-
cies in 33 clinical samples presented for diagnosis
in our institute, and three from military personnel on
mission in Afghanistan. These were from 14 different
countries and represented eight Leishmania species
(Figure 3 and supplementary dendrogram). The major-
ity (h=27) were from cutaneous lesions (mostly biop-
sies), one from a mucocutaneous lesion, and two from
visceral leishmaniasis patients. From six samples the
clinical presentation was not known.

Discussion

In general there is good agreement between typing
results on the basis of hsp7o and those based on other
genes and MLEE, with the following exceptions: (i)
L. chagasi isolates could not be distinguished from
L. infantum, which agrees with previous studies
showing that both are in fact one species, whereby
L. chagasi is synonym of South-American L. infantum
[25]. (ii) L. archibaldi grouped with L. donovani, in line

86

with the current notion that it is not a separate spe-
cies [26]. (iii) Two L. infantum isolates, MHOM/CN/94/
KXG-LIU and MHOM/CN/93/KXG-XU, were found clus-
tering with L. donovani. According to the authors who
published these sequences, however, the species iden-
tification is disputable and depends on the technique
applied [23]. (iv) The MLEE identified L. donovani iso-
late MHOM/SU/84/MARZ-KRIM clustered with L. infan-
tum. On the basis of at least eight other genes, this
strain was indeed identified as L. infantum (data not
shown). (v) Two L. guyanensis strains, MHOM/CO/83/
REST417 and MHOM/EC/90/Ul.031 were found in the
L. panamensis cluster. Although it has been argued that
L. panamensis is merely a geographically confined sub-
cluster of L. guyanensis rather than a distinct species
[9,27-29], both strains merit a more profound genetic
analysis to evaluate their hspyo classification. (vi) The
L. braziliensis isolate MHOM/PE/2001/LH2140 clus-
tered with L. peruviana, even though its sequence is
different from those of the other L. peruviana strains. A
genome-wide amplified fragment length polymorphism
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FIGURE 3

Dendrogram of selected Leishmania hsp70 sequences analysed in this study, including for each indicated cluster the most
divergent sequences (n=91)
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FIGURE 3 NOTES

Dendrogram of selected Leishmania hsp70 sequences analysed in this study, including for each indicated cluster the most

divergent sequences (n=91)

Each taxon is identified as follows:

(i) Identification method if available: G: genetic analysis other than hsp7o; M: multilocus enzyme electrophoresis; U: unknown typing

method.

(ii) Species based on this identification method: aet: L. aethiopica; ama: L. amazonensis; arc: L. archibaldi; bra: L. braziliensis; braO:
L. braziliensis outlier; bra-braO: hybrid; cha: L. chagasi; don: L. donovani; gar: L. garnhami; ger: L. gerbilli; guy: L. guyanensis; inf:
L. infantum; \ai: L. lainsoni; maj: L. major; mex: L. mexicana; nai: L. naiffi; pan: L. panamensis; per: L. peruviana; sia: L. siamensis; tar:

L. tarentolae; tro: L. tropica; tur: L. turanica.
(iii) EBI/GenBank accession number if available.

(iv) World Health Organization (WHO) code: Missing data are indicated by .

(v) Clinical samples diagnosed in this study are indicated with + in front of the taxon name, and those from the Institute of Tropical Medicine
Antwerp are identified by ITM without WHO code, whereby identical sequences are presented as one taxon. CL following the WHO code

indicates that the sample was taken from a cutaneous lesion.

(vi) Strains indicated with * cluster differently compared with other methods, those indicated with ** do not represent the strain as reported

in GenBank.

The dissimilarity scale is presented at the bottom. Bootstrap values higher than 50% from a 2,000 replicate analysis are shown in
percentages at the internodes. Clusters strongly supported are indicated in bold, those less supported are indicated by dotted lines. For
each recognised cluster, the number of strains in the total of 207 available sequences is given between brackets.

(AFLP) analysis clearly identified this strain as L. brazil-
iensis [19]. (vii) The MLEE-typed L. braziliensis isolate
MCAN/PE/91/LEM2222 clustered with the L. brazil-
iensis outliers, confirming results from several other
genes (data not shown). This is in line with the fact that
MLEE does not separate both L. braziliensis groups.
(viii) L. braziliensis isolate MHOM/PE/--/CU00181 clus-
tered intermediate between L. braziliensis and L. bra-
ziliensis outliers, which agrees with AFLP data [19]. (ix)
Two sequences were found in an incorrect species clus-
ter: MRHO/CN/60/Gerbilli and MHOM/FR/78/LEM7s5.
According to GenBank data, JX021436 is the sequence
from the WHO L. gerbilli reference strain MRHO/CN/60/
Gerbilli, but it clustered among L. donovani, apart from
the other L. gerbilli sequences. As the strain was not
included in the publication describing related GenBank
entries [23], there are no independent data to confirm
the identity of the sequence. Moreover, several species
designations in this set of GenBank entries (especially
those listed as L. donovani) do not match those in the
corresponding paper. MHOM/FR/78/LEM75 is a type
strain of L. infantum, but it strongly grouped with L.
tropica. Given that all 17 other L. infantum strains clus-
tered correctly with hspyo, it is reasonable to assume
that the sequence in GenBank is erroneous. (x) Finally,
four isolates, MHOM/PE/95/LQ-8, MCAN/IR/96/LON-
49, MHOM/--/94/CRE58, and IMON/CN/90/KXG-Y, did
not group with any of the designated species com-
plexes, the reason for which is unclear. The sequences
reported for MHOM/PE/95/LQ-8 and MCAN/IR/96/LON-
49 were found related to the Leptomonas sp. sequence
described in [30], and hence these do not match with
the Leishmania isolates listed in GenBank (results not
shown). MHOM/--/94/CRE58 and IMON/CN/90/KXG-Y
were typed as L. naiffi and L. turanica, respectively,
using several genes, and it is unclear why they did not
group with their respective species.
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Taken all evidence together, of the 135 trustwor-
thy sequences for which either MLEE or independ-
ent genetic species identification was done, 130
(96.3%) grouped with the correct species in the hspyo
sequence dendrogram; two (1.5%) did not group with
any species; and three (2.2%) were assigned to the
correct species complex, but the wrong species. Since
we started routine species typing on the basis of
hsp7o sequences, we could type 33 clinical samples
that were sent to our clinic for diagnosis, along with
three samples sent to us by other institutes (acces-
sions HF586387, HF586390, HF586391). In the same
period, amplification failed from two samples with an
extremely low parasite load. We provide a detailed pro-
tocol and sequence reference set on the website www.
itg.be/LeishmaniaHSP70, which outlines a step-by-
step guideline of the PCRs, sequencing, and interpre-
tation. We acknowledge that implementing sequence
analysis in a routine diagnostic laboratory may be
difficult in some settings and that the entire analysis
may take a few days. Nevertheless, in our hands the
method proved highly convenient, and in view of the
few samples diagnosed per year, more cost-effective
than validating a high-throughput system with a sim-
ple readout. Alternatively, sequencing could provide a
clear identification in case other assays fail .

The more disputable species designations are L. infan-
tum, L. panamensis, and L. peruviana, as all these
were moderately bootstrap-supported subgroups of
the highly robust L. donovani, L. guyanensis, and L.
braziliensis complexes, respectively, as previously
documented [9,19,26-29,31-35]. In case of doubt, the
complex level should be reported rather than the exact
species. From a clinical point of view, discriminating L.
infantum from L. donovani is not highly relevant, since
both species can cause visceral leishmaniasis and
treatment is the same [26,36]. Also the discrimination
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between L. guyanensis and L. panamensis is not a pri-
ority in clinical practice [36]. Separating L. braziliensis
from L. peruviana is considered more relevant, because
L. braziliensis potentially causes mucocutaneous com-
plications, while L. peruviana generally does not [34].
As no markers are currently available that discriminate
strains that do from those that do not cause mucocuta-
neous leishmaniasis, identification at the species level
is the only option. Both MLEE and genetic analyses
have revealed that L. peruviana is a subcluster in the
L. braziliensis complex, but discrimination is impaired
by the fact that many parasites of this complex seem to
have a composite genotype carrying signatures of both
species [19,32-35]. The situation is further complicated
by the fact that occasionally, L. peruviana can cause
mucocutaneous disease [34]. Isolates belonging to the
L. braziliensis outlier group have been isolated from
mucous lesions as well (data not shown), but whether
these were primary or secondary infections is not
known. Two other tightly linked species in the hsp7o
dendrogram are L. tropica and L. aethiopica. Although
the L. tropica isolates cover the entire endemic region,
from Morocco to eastern Africa, the Middle-East, and
India, they form a clearly separated recognisable
group. The same applies to separating L. mexicana
from L. amazonensis, even though the latter could not
be distinguished from L. garnhami.

One may wonder why some of the above species in the
recognised larger complexes seem less clearly defined
by sequencing than by single-nucleotide polymor-
phism (SNP) assays such as species-specific PCRs or
RFLP analysis. The reason is that these assays use a
point mutation in the genome of the parasite, which is
either present or absent, thereby allowing a binary dis-
crimination. When using sequences, much more infor-
mation is provided from many polymorphisms and is
sometimes contradictory. Typing based on sequencing
can therefore be more difficult, but it is more reliable
as it uses more data. An accidental mutation may lead
to erroneous conclusions in a SNP-based assay, while
this is less likely when analysing entire sequences.

The current complete set of trustworthy sequences
that can be used for typing amounts to 203, represent-
ing 15 species of human medical importance, and origi-
nating from 41 endemic countries. This reference set is
updated continuously for further improvement of the
geographic and genetic coverage, to ensure an ade-
quate representation of the existing inter- and intra-
species variability. Some species are over-represented
from some regions (such as in Peru), but that does not
interfere with the typing outcome. It is of crucial impor-
tance to base species typing upon sequences that have
been quality-checked. In practice, BLAST searches are
often used for identification purposes, on the basis
of hsp7o sequences found in public databases such
as GenBank. We have found several instances where
the species designation reported in these databases
was incorrect. For example, in entries JXo21425 up
to JX021443 and JX970993 up to JX970996, several
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erroneous L. donovani sequences are reported, even
disagreeing with the species assignment as listed
in the related publication [23]. Two entries were here
shown related to Leptomonas rather than Leishmania
(Figure 3 and supplementaty dendrogram). Two entries
were determined from the L. infantum type strain
MHOM/FR/78/LEM75: Yo8020 and X85798. Both
sequences clearly grouped with L. tropica, unlike all
genuine L. infantum sequences in our analysis. This
illustrates that one should be extremely careful when
using sequences that have not been quality-controlled
for species typing by comparison with other sequences
from the same species, as this could result in incorrect
typing outcomes, with potential adverse consequences
for the patient.

As with all other assays based on the analysis of a
single genomic locus, it is assumed that the relation-
ship between the sequences mirror the relationship
between the parasites. A first requirement to meet this
objective is to avoid the use of paralogous sequences.
This poses no problem in the case of hspyo because,
although this gene is part of a gene family [18], the
primers used in our protocol specifically amplify only
one of the family members. Another problem is pre-
sented by the occasional inter-species hybrids that
have been reported [19,34,37-40], and that are not
necessarily evidenced in all genes. Nevertheless,
such hybrids do not necessarily go undetected when
looking at single genomic loci. For instance, isolate
MHOM/PE/2006/CU00181, by AFLP clearly identified
as a hybrid between L. braziliensis and L. braziliensis
outliers [19], also holds an intermediate position in
hsp7o sequences (Figure 3 and supplementary den-
drogram). On the contrary, MHOM/PE/2003/LH2538,
also shown to be a hybrid between these two clusters,
grouped with L. braziliensis. As this isolate derived
a much smaller proportion of its genome from the L.
braziliensis outliers, such classification is however
not problematic. In natural L. donovani-L. aethiopica
hybrids, both species alleles were present in all genes
investigated, including hsp7o [38]. In an L. infantum-L.
major hybrid, both genomes were present [39], hence
enabling to type the parasite based on a single gene
assay. Theoretically, the chance of detecting inter-spe-
cies recombinants increases as more loci are analysed,
such as in multilocus-microsatellite, -sequence and
-enzyme electrophoresis assays, but this also raises
the cost and time of species typing. Given all currently
available evidence on the potential of hsp7o to detect
reported inter-species hybrids, and as such hybrids
are rare, we consider this a negligible setback of using
the hsp7o single-locus assay for routine species typ-
ing. Nevertheless, additional more variable genes may
be able to perform better in discriminating within the
complexes, but this would probably require a separate
approach for each complex or subgenus [32,41,42].

Ultimately, the use of single-locus sequencing for spe-

cies discrimination could be substituted by whole-
genome sequencing [43]. With this method becoming
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cheaper, it may soon be the standard in clinical studies.
Comparison of whole-genome information could reveal
clinically relevant intra-species differences, and has
the highest chance of detecting recombination events.
Such typing methodology could even make abstrac-
tion of the classical concept of typing at the taxonomic
levels of species and species complexes [44]. It could
open up a whole new era of relating strains on the basis
of a selection of genes relevant for disease progression
and treatment options, rather than based upon species
definitions that may at times not correlate with clini-
cal outcome. Nevertheless, whole-genome sequencing
seems at present miles away from being implemented
in everyday clinical practice, not only because of the
complexity of data analysis, but also because it is
complicated by the presence of human DNA contamina-
tion in clinical samples and related ethical issues. In
the meantime there is a need for standardised meth-
ods to identify Leishmania strains. We advocate that
hsp7o has this potential: the gene is easily amplified,
it can be analysed by sequencing in high-resource set-
tings, and by simpler methods such as RFLP in limited-
resource endemic areas [12,45]. If a global database
of hsp7o sequences from endemic regions were to be
established, new sequences found in imported leish-
maniasis could immediately be related to documented
parasites, with clinical information on the patients from
whom they were isolated. Such analysis could even be
independent of currently used species boundaries, and
provide adequate links based on genetic similarity irre-
spective of the species.

Conclusion

We present in this paper a complete validation and
globally applicable standardised protocol for the use
of hsp7o sequences in Leishmania typing. As this vali-
dation includes a detailed comparison with other spe-
cies identification methods currently used in various
laboratories, we feel that implementation of the here
presented typing strategy in a clinical diagnostic labo-
ratory should be straight-forward, and could entail the
validation of only the sequencing process itself rather
than the actual species assignment, in view of this
report. We intend to further promote our strategy, to
identify additional strains with linked clinical informa-
tion, and to establish a global database of circulating
Leishmania parasites.
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A number of published case reports suggest an asso-
ciation of tumor necrosis factor (TNF) alpha antagonist
use and manifest leishmaniasis. Despite increasing
popularity of antagonising TNF alpha for the treatment
of autoimmune disorders, systematic research on the
risk of opportunistic leishmaniasis in patients receiv-
ing these drugs is lacking. This perspective identifies
areas of uncertainty regarding the safety profile of
TNF alpha antagonist drugs and their clinical use in
patients at risk of leishmaniasis. Then, we reflect on
how current pharmacovigilance activities in Europe
could be enhanced to help reduce these uncertainties.
Our aim is to stimulate a debate about this important
drug safety issue with potential consequences for
patients receiving TNF alpha antagonists living in or
travelling to areas endemic for leishmaniasis.

Introduction

Since their introduction about a decade ago, tumour
necrosis factor (TNF) alpha antagonist drugs have
greatly improved the clinical management of autoim-
mune disorders and are now widely used in rheumatol-
ogy. The flipside of the coin is an increase in infectious
disease risk in patients treated with these drugs. Both
reactivation of latent infections and increased suscepti-
bility to new infections have been observed in patients
receiving TNF alpha antagonist therapy. Depending on
their mode of action, the TNF alpha antagonist drugs
most widely used can be distinguished in two major
groups: monoclonal antibodies, such as infliximab and
adalimumab, and the receptor construct etanercept [1].

Leishmaniasis is endemic in large parts of southern
Europe [2-5] where studies suggest a focal prevalence
of latent infection of up to 53% in the adult popula-
tion [5]. Two species, Leishmania infantum and L. trop-
jca are transmitted around the Mediterranean basin
by the bite of sandfly species (order Diptera, family
Psychodidae, subfamily Phlebotominae) [4]. The spec-
trum of manifest infection ranges from a well localised,
self-healing cutaneous papule or ulceration to rapidly
fatal visceral disease. Host immunity is known to be a
key determinant of the clinical manifestation and out-
come. Immuno-suppression, in particular conditions
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that alter the type 1 helper T-cell-mediated immune
response of which TNF alpha is an important compo-
nent, is generally regarded as a risk factor for manifest
leishmaniasis and has been identified as a major con-
tributor to its re-emergence in Europe [4]. A number of
published case reports suggest an association of TNF
alpha antagonist use and manifest leishmaniasis [6, 7].
Despite this, no systematic research on opportunistic
leishmaniasis in patients receiving TNF alpha antago-
nists has been conducted.

Based on a brief summary of published information
on opportunistic leishmaniasis and use of TNF alpha
antagonists, this perspective identifies areas of uncer-
tainty regarding their safety profile and their clinical
use in patients at risk of leishmaniasis. We then reflect
on how current pharmacovigilance activities in Europe
could be enhanced to help reduce these uncertainties.
Our aim is to stimulate a debate about this important
drug safety issue with potential consequences for
patients receiving TNF alpha antagonists living in or
travelling to areas endemic for leishmaniasis.

Current knowledge on tumor

necrosis factor alpha antagonist

therapy and leishmaniasis

Published research on therapy with TNF alpha antago-
nists and leishmaniasis is scarce and limited to case
reports and case series. We recently reviewed the lit-
erature [6] and identified 19 descriptions of patients
with leishmaniasis while receiving TNF antagonists,
published between 2004 and 2011. Nearly all of the
identified cases (18/19) occurred in Europe, and
more than two thirds were published in 2010-11. The
vast majority were reported from endemic regions of
southern Europe (14/18) whereas fewer occurred after
travel to and migration from endemic areas (4/18). The
reported time period from initiation of treatment to
onset of leishmaniasis ranged from o.5 to 48 months,
consistent with both reactivation of latent infection
and increased susceptibility to new infection.

Only one reported case was treated with etaner-
cept while all others received either infliximab or

www.eurosurveillance.org



Box 1

Aims and objectives of a coordinated research effort on opportunistic leishmaniasis in patients treated with tumor necrosis

factor

alpha antagonists in Europe

Aims

Estimate the impact of TNF alpha use on the occurrence of leishmaniasis in Europe.
Reduce leishmaniasis risk by tailoring TNF alpha antagonist therapy to individual risk profile.

Optimise anti-parasitic and anti-rheumatic therapy in patients with opportunistic leishmaniasis.

Objectives

Define the absolute risk of leishmaniasis in patients treated with TNF alpha antagonists. Define the relative risk of leishmaniasis
in patients treated with TNF alpha antagonists

o with respect to classic immunosuppressive regimens; and
o with respect to type of TNF alpha antagonist used.

Define the proportionate contribution of new infection and reactivation towards the burden of leishmaniasis in patients treated
with TNF alpha antagonists

o overall; and
o by type of TNF alpha antagonist used.

Define the role of screening (serology, intradermal leishmanin) in patients treated with TNF alpha antagonists for clinical decision
making by determining their predictive values

o  with regard to the overall risk of leishmaniasis; and
o depending on the type of TNF alpha antagonist used.

Identify groups at risk of and factors associated with developing leishmaniasis during TNF alpha antagonist therapy namely
o environmental/behavioural (e.g. companion animals, travel, region of residence) factors;

o  host factors (e.g. co-morbidity); and

o  others (e.g. immunosuppressive co-medication).

Optimise therapy of leishmaniasis as complication of TNF alpha therapy through either

o interruption or continuation of TNF alpha antagonist; and
o systemic or local treatment of cutaneous leishmaniasis.

Explore whether TNF alpha antagonists can be restarted after cure of leishmaniasis and if

there is a need for potential modifications of this therapy;

0O 00O

treatment can be continued with identical or alternative TNF alpha antagonist;
immunosuppressive co-medication needs to be modified; and
anti-parasitic maintenance therapy is necessary to prevent relapses (secondary prevention).

TNF: tumor necrosis factor.

adalimumab. This was surprising, since prescription
data from the countries where the cases occurred
showed that each of the three drugs was prescribed
about equally often. These findings suggest that
opportunistic leishmaniasis is more likely to occur in
patients receiving TNF alpha monoclonal antibodies
than in patients treated with etanercept. This interpre-
tation is supported by similar findings for tuberculosis
[8, 9] and by studies in mice [10] and in vitro [11].

Interestingly, published case reports describe various
approaches including discontinuation as well as con-
tinuation of TNF alpha antagonist therapy during and
after anti-parasitic treatment while using the same or
a different type of drug for ongoing TNF alpha antago-
nisation [6]. Their number, however, is too small and

www.eurosurveillance.org

the data and observation period reported too hetero-
geneous to decide whether one or the other approach
is associated with an increased risk of recurrent
leishmaniasis.

Although it provided us with a hypothesis on the pos-
sible differences of leishmaniasis risk by type of TNF
alpha antagonist used, our analysis of case reports is
limited by potential publication bias and confounding
underlying the observed associations. Moreover, the
number of published cases is likely to represent only
a small fraction of patients treated with TNF alpha
antagonists with opportunistic leishmaniasis, leaving
the magnitude of this drug safety issue unclear. Hence
more systematic research is needed to improve our
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understanding of opportunistic leishmaniasis in these
patients.

Unsolved questions

The main areas of uncertainty pertaining to opportunis-
tic leishmaniasis in patients receiving TNF alpha antag-
onist therapy, to be addressed by future research, are
outlined below and summarised in Box 1.

There is a clear need to estimate the potential impact
of TNF alpha antagonist use on the incidence of leish-
maniasis. This information is required to clarify to
what extent there is a need to further investigate and
corroborate this association and to justify funding of
research activities that aim at elucidating risk factors
for leishmaniasis among those treated with TNF alpha
antagonists.

Any study on risk factors should attempt to answer
whether there truly is a difference in risk of leishma-
niasis depending on the type of TNF alpha antagonist
used. Once supported by evidence from prospective
studies, physicians (mainly clinical rheumatologists)
could directly translate this knowledge into practice
by choosing the TNF alpha antagonist with the lowest
risk for opportunistic leishmaniasis for patients living
in or travelling to endemic areas. Moreover, the role of
behavioural and host-associated risk factors for clini-
cally manifest leishmaniasis under TNF alpha antago-
nist therapy should be evaluated as knowledge gained
could be relevant in clinical decision-making or coun-
selling of patients.

Once arisk difference for the various types of TNF alpha
antagonists has been established, it will be important
to clarify if this is due to reactivation of latent leishma-
niasis or increased susceptibility to new infection.

It needs to be determined whether screening for latent
infection before initiation of TNF alpha antagonist ther-
apy can play a role in preventing opportunistic leish-
maniasis. Studies evaluating the predictive values of
serologic and intradermal leishmanin testing have
great potential to inform clinical decision-making and
will equally contribute to our understanding of latent
versus newly acquired infection for the onset of oppor-
tunistic leishmaniasis in patients receiving anti-TNF
alpha therapy.

Apart from defining risk factors, there is a need for
clinical research to improve medical care for patients
suffering from opportunistic leishmaniasis. In par-
ticular, better evidence on whether TNF alpha antago-
nists can be continued in patients with clinically active
leishmaniasis, or after its cure, is of high clinical rel-
evance since many of these patients depend on TNF
alpha antagonists to adequately control the underly-
ing autoimmune disease. Besides, future research
has to address whether there is a need for secondary
prevention of opportunistic leishmaniasis in patients
that require sustained antagonisation of TNF alpha.
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For instance, type and duration as well as indicators
for the initiation of anti-parasitic maintenance therapy
need to be established. Of note, anti-TNF alpha ther-
apy has been continued or re-initiated in several cases
of opportunistic leishmaniasis without subsequent
relapse [6, 12], indicating that a first episode does not
justify long-term anti-parasitic treatment.

Finally, we have to learn more about the risk of general-
ised infection secondary to localised cutaneous leish-
maniasis in patients receiving TNF alpha antagonists.
Published case reports indicate that most clinicians
fear this complication and opt for systemic anti-para-
sitic therapy. This, however, has to be balanced against
increased toxicity when compared to local treatment
which could be an option in a setting where close moni-
toring of the patient is ensured.

Research challenges concerning opportunistic leish-
maniasis and tumor necrosis factor alpha antagonist
therapy

Traditionally, spontaneous notification of adverse
events to national pharmacovigilance systems has
been used to define a drug’s safety profile with regard
to rare events and long-term effects that may have
remained undetected during pre-licensure clinical tri-
als. This approach, however, is subject to significant
underreporting, does not allow analysing the number
of reported events relative to the number of subjects
treated, and cannot provide an estimate of the baseline
risk.

Inresponse to these shortcomings and with the support
of the pharmaceutical industry, national rheumatology
societies in several European countries have initiated
national drug registers as post-marketing surveillance
tools [13]. Many of these were put in place simultane-
ously to the licensing of the first TNF alpha antagonists
about a decade ago. Their methodologies were recently
reviewed in detail by Zink et al. [13]. In brief, selected
care providers in rheumatology enrol patients receiv-
ing TNF alpha antagonists or other biotherapies into
epidemiological cohort studies or into registers, thus
overcoming some of the limitations of traditional phar-
macovigilance activities.

Although a huge improvement compared to the tradi-
tional reporting systems, it has been called into ques-
tion whether national drug registers cover a sufficient
patient base to detect rare adverse events. Zink et al.
estimate that events with an incidence equal or below
one in 1,000 patient-years may not be adequately
detected by this approach [13]. With regard to leish-
maniasis, we observed that the French register only
detected half of leishmaniasis cases reported in pub-
lications from France over a defined time period [6],
implying that underreporting may not be adequately
addressed by the national registers. Besides, none
of these registers had detected sufficient numbers of
cases to allow analysing whether leishmaniasis risk

www.eurosurveillance.org



TABLE

Components of a coordinated research effort on opportunistic leishmaniasis in Europe

Component Function/role

Coordinating board hosted by

European institution including representatives
from existing European network structures

in clinical parasitology/ tropical medicine,
dermatology, rheumatology, infectious diseases
and supported by public health experts

Design of post-authorisation safety studies (cohort studies) and observational clinical
studies

Ensure uniform methodology and data collection

Enhance national drug registers in countries endemic for leishmaniasis (where
necessary)

Host online platform for case registration by non-endemic countries (i.e. travellers,
migrants)

Increase awareness among policy-makers and professional societies

National drug registers hosted by professional
societies in rheumatology

Implementation of cohort studies
Increase awareness/ case reporting among clinicians

Institutions specialised in diagnosis and
therapy of leishmaniasis, represented through
existing European network structures in clinical
parasitology/ tropical medicine, dermatology,
infectious diseases

Implementation of clinical studies
Detection of cases outside endemic countries
Increase awareness / case reporting among clinicians

Pharmaceutical industry

Data on drug sales with sufficient detail allowing geographically high resolution in
leishmaniasis endemic areas
Funding

varies by type of TNF alpha antagonist. As pointed
out before, this was possible by combining published
information from different European countries. Based
hereon, it becomes obvious that fragmentation of data

registers is a prerequisite. A uniform reporting scheme
has so far only been adopted by Great Britain, Sweden,
and Germany, but not by France and Spain, countries
where leishmaniasis is endemic [13].

at national level hampers a better description of the

safety profile of TNF alpha antagonists with regard to
rare opportunistic infections. Therefore, evaluation of
data across registers and at European level has been
suggested to increase the ability to detect such events
[13]. Although this approach has potential to contribute
to our understanding of opportunistic leishmaniasis, a

range of challenges remain.

Firstly, transmission of leishmaniasis occurs geograph-
ically in confined foci since it is bound to the presence

Thirdly, it is unclear, whether all countries with leish-
maniasis endemic regions have an active national drug
register or cohort. For instance, from a number of coun-
tries in the Balkan region, there are no peer-reviewed
publications available on PubMed reporting on such
activities.

The Table outlines potential components of a coordi-
nated research effort on opportunistic leishmaniasis in
Europe and Box 2 the resulting strengths.

of the phlebotomine vector. This is reflected in the

large variation of sero-prevalence reported in regions
around the Mediterranean basin [2, 3, 5]. Hence, to
further advance our knowledge on opportunistic leish-
maniasis in patients receiving biotherapies, it will be
crucial that national drug registers adequately cover
the population in areas where transmission occurs.
The variation in transmission risk also implies that
estimates of the absolute risk of leishmaniasis in TNF
alpha antagonist users calculated from register data
will vary according to the proportion of subjects live in
endemic regions enrolled in the register.

Secondly, European national drug registers on the
safety of TNF alpha antagonist drugs and other bio-
therapies use different methodology and do not record
data in a uniform manner. To facilitate collaboration
between national drug registers and to allow supra-
national data analyses, harmonisation of European
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Conclusions

Although the initiation of national registers with sup-
port of the pharmaceutical industry was a major step
forward in better defining the safety profile of TNF
alpha antagonist drugs and other biotherapies, there
are shortcomings of this system with regard to oppor-
tunistic leishmaniasis. Crucial for improved case detec-
tion and reduced underreporting will be a closer link
between existing national drug registers and insti-
tutions specialised in the diagnosis and therapy of
leishmaniasis, e.g. tropical medicine institutes, der-
matology departments, etc. This will likely enable the
detection of a considerable number of additional cases
of opportunistic leishmaniasis that are either directly
seen at these institutions or were suspected elsewhere
but laboratory confirmed there. Using existing net-
work structures in Europe such as TropNet (www.tro-
pnet.net) and EuroTravNet (www.istm.org/eurotravnet/
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Box 2

References

Strengths of a coordinated research effort at European
level on opportunistic leishmaniasis in patients treated
with tumor necrosis factor alpha antagonists

e Impact — a coordinated research effort will allow
estimating the public health impact of tumor necrosis
factor alpha (TNF) alpha antagonists on leishmaniasis in
Europe.

e Statistical power — a coordinated research effort will
increase statistical power through improved case detection
and more comprehensive coverage of populations in
endemic regions.

e Defragmentation — a coordinated research effort will
ensure that data available is not restricted to single
countries.

e Standardisation — a coordinated research effort will
improve database quality for supra-national analysis
through uniform methodology, reporting scheme, and
common denominators (e.g. data on drug sales).

e Flexibility — a coordinated research effort will allow rapid
incorporation of newly emerging biotherapies and rare
infections other than leishmaniasis.

main.html) could facilitate the creation of such links.
An extended network of clinical specialists in rheu-
matology, infectious diseases, tropical medicine, and
dermatology will be necessary to answer the research
questions pertaining to the clinical management of
patients with opportunistic leishmaniasis set out in
this paper.

Prospective data from a well-defined population at risk
of acquiring or being latently infected with leishma-
nia will be needed to obtain meaningful estimates of
the incidence of clinical manifest infection that can be
attributed to TNF alpha antagonist use and to evaluate
the clinical role of screening for latent infection. This
can only be achieved through focused post-marketing
safety studies that make use of large cohorts in areas
endemic for leishmaniasis. To ensure uniform meth-
odology and data collection, such activity should be
designed and coordinated at European level before
being implemented by the existing national registers.
In European countries endemic for leishmaniasis but
without a well-functioning register or cohort, this may
require enhancing or newly creating such structures.
Taken together, these activities will need adequate
funding and most importantly, substantial collabora-
tion across disciplines including input from epidemi-
ologists and public health experts.
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An updated view of the establishment and spread of
the leishmaniases in Europe is presented, mostly with
respect to newly emerging and re-emerging foci and
the incrimination of neglected as well as new reser-
voir hosts. At the same time, a concept of specific ver-
sus permissive vectors reassesses the potential role
of various sandfly species in Leishmania transmis-
sion and considers the risk of introduction of exotic
Leishmania species in Europe. The leishmaniases are
dynamic diseases and the circumstances of transmis-
sion are continually changing in relation to environ-
mental, demographic and human behavioural factors.
Changes in the habitat of the natural hosts and vec-
tors, immunosuppressive conditions (like infection
with human immunodeficiency virus (HIV) or organ
transplantation-associated therapies in humans) and
the consequences of war, all contribute to the trans-
formation of the epidemiology of leishmaniasis. Such
changes should be considered when studying the
spread of the disease throughout Europe for targeted
control measures to safeguard public health.

Endemic burden of human

leishmaniases in Europe

The leishmaniases are vector-borne diseases that have
been endemic in southern Europe for centuries. They
are transmitted by the bite of phlebotomine sandflies
belonging to the genus Phlebotomus and most often
exhibit one of two endemic clinical entities in humans,
zoonotic visceral leishmaniasis (VL) and sporadic cuta-
neous leishmaniasis (CL). Four Leishmania species
occur in the Mediterranean basin: L. infantum, the most
frequent species, causing both VL and CL; L. major,
occurring in North Africa and the Middle East, caus-
ing CL; L. tropica, found in Greece, Turkey, the Middle
East and North Africa, causing CL; L. donovani, recently
introduced in Cyprus, causing both VL and CL. These
species are able to spread in new geographical areas
where suitable sandfly vectors are present in sufficient
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numbers and under favourable ecological conditions.
The risk is greater when the anthroponotic species, L.
tropica and L. donovani, are involved, because reser-
voir hosts other than human are not required to com-
plete the transmission cycle. It is widely accepted
that the leishmaniases are dynamic diseases. As the
conditions of transmission change (environmental,
demographic, human behaviour and health), epide-
miological studies and control measures to safeguard
public health should be adapted for the application of
successful monitoring measures.

The incidence of zoonotic VL caused by L. infantum in
humans is relatively low (0.02-0.49/100,000 in the
general population) with an average of about 700 clini-
cal cases reported each year in southern Europe [1,2].
However, outbreaks or recrudescence may occur peri-
odically in foci like the new focus in Spain where inci-
dences increased up to 56 per 100,000 [3]. Incidence
rates of sporadic CL, although generally accepted as
high (in the range of one to a few 100), are not avail-
able because of poor notification.

Visceral leishmaniasis constitutes a problem in immu-
nocompromised individuals. Starting from the early
1990s, the impact of co-infections with Leishmania
and human immunodeficiency virus (HIV) was recog-
nised as an alarming problem by international health
authorities. Cases were reported from 35 countries
worldwide, mostly in south-western Europe (France,
Italy, Portugal and Spain), showing an association
between the HIV pandemic and the zoonotic entity of
VL caused by L. infantum. The cumulative number of
co-infections recorded by a surveillance network from
the World Health Organization (WHO) and UNAIDS was
692 by early 1995, 965 by 1998, and 1911 by early 2001.
Spanish cases accounted for 57% of all co-infections
worldwide, probably reflecting a relatively large area of
Leishmania/HIV sympatry in Spain. The demonstration
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of unusual modes of anthroponotic transmission (i.e.
by syringe exchange) and the high rate of relapses
following anti-leishmanial treatments, were alarm-
ing features indicating a trend toward an even higher
incidence. By the end of the 1990s, however, several
reports indicated that the L. infantum/HIV epidemic
peak declined due to the introduction of the highly
active antiretroviral therapy (HAART) which not only
reduced the number of new cases of co-infection, but
also the rate of VL relapses in individuals with restored
immunological parameters (i.e. with a CD4+ count>200/
pL). Currently, very few HIV-infected individuals with
clinical VL are recorded annually in southern Europe,
mainly in patients with acquired immunodeficiency
syndrome (AIDS) who are unresponsive to HAART.
Other countries, such as Germany, Greece, Switzerland
and the United Kingdom currently report sporadic
imported cases [4].

The spread of leishmaniases may be enhanced by glo-
balisation, climatic change and other conditions which
allow the parasite and its vectors to spread in space
and time. Studies to foresee the effect of such changes
have been undertaken by the EDENext EU FP7 (www.
edenext.eu) project in order to safeguard unaffected
areas by preventing the introduction, establishment
and spread of the Leishmania pathogen and its vec-
tors. Data on the disease and its spatial distribution in
Europe and the Mediterranean basin were composed
and made accessible online to researchers and public
health officials (www.edenextdata.com) so that knowl-
edge-based decisions could be made for monitoring
the disease.

Increasing evidence suggests that elevated rates of
asymptomatic L. infantum carriers are an indicator of
the intense Leishmania circulation in southern Europe.
Infection prevalences, as high as 10-47% in particular
age groups, were recorded in healthy individuals from
endemic foci of France, Greece, Italy and Spain by tra-
ditional and molecular methods [5]. On the other hand,
CL cases, autochthonous or imported, may not seek
treatment, especially in cases with mild clinical forms
or older people and illegal immigrants. When the dis-
ease is introduced in new areas, physicians who are
not familiar with the problem often do not consider CL
in their differential diagnosis, and hence appropriate
treatment is not given, allowing parasite circulation.

Literature search strategy

Scientific literature for the purposes of this review was
searched in May 2012 by all participating co-authors,
sourcing the PubMed and Scopus databases. An elec-
tronic search was conducted among articles from 1970
until recently, as well as a few relevant older refer-
ences, cross-referencing the following combination
of keywords: ‘leishmaniasis’ and ‘Phlebotomus’ and
‘emergence’ and ‘reservoirs’. Titles relevant to the
scope of this review (an updated view of the establish-
ment and spread of the leishmaniases in Europe with
respect to newly emerging and re-emerging foci and
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the incrimination of neglected and new reservoir hosts)
were obtained in full text and selected for inclusion.
Unpublished data and titles from non-peer-reviewed
literature were not considered.

Sandfly vectors

The vectorial status of phlebotomine sandfly vectors of
Leishmania in Europe and the Mediterranean area was
recently reviewed [6,7] and new species have recently
been incriminated [8,9]. Nine proven, or potential, vec-
tor species (Phlebotomus ariasi, P. perniciosus, P. per-
filiewi, P. neglectus, P. tobbi, P. kandelaki, P. balcanicus,
P. papatasi and P. sergenti) are indigenous in Europe.
In addition, species of questionable taxonomic status
(P. similis, P. syriacus) or of possible but unproven vec-
torial capacity (P. mascittii) should be further studied.
Traditionally, the limited number of known vectors was
explained by the inability of some sandfly species to
support the development of infective stages in their
gut or because of unidentified ecological contact with
reservoir hosts [6]. However, experimental infections,
under laboratory conditions, revealed that only two
tested sandfly species, P. papatasi and P. sergenti,
are ‘specific vectors’; they allow only the maturation
of a single Leishmania species they transmit in nature
(L. major and L. tropica, respectively) and do not sup-
port development of other Leishmania species [10-13].
Nonetheless, most sandfly species tested to date sup-
port development of multiple Leishmania spp. allow-
ing them to mature in their midguts, thus falling into
a category of the permissive vectors [9]. These species
are members of the Larroussius and Adlerius subgen-
era, namely P. perniciosus, P. arabicus and P. halepen-
sis. Although in nature, P. perniciosus is the proven
vector of L. infantum in the western Mediterranean, P.
arabicus the proven vector of L. tropica in Israel and
P. halepensis the suspected vector of L. infantum in
the Caucasus region, all three species supported full
development of L. major and L. tropica under experi-
mental conditions [14-16].

The broad vectorial competence of permissive sandfly
species may have important epidemiological conse-
quences and should be taken into account while esti-
mating the risk of new leishmaniasis foci. The most
important example is the introduction of L. infantum
(syn. L. chagasi) from the Iberian Peninsula to Latin
America, where it adapted to the local permissive
sandfly Lutzomyia longipalpis [9]. Similarly, we can
speculate that L. tropica could be transmitted by per-
missive vectors in the Mediterranean area, although
P. sergenti was for a long time considered to be its
sole vector. The vectorial capacity of P. similis, a sis-
ter species of P. sergenti, which is widely distributed
in the north-eastern Mediterranean, is yet to be tested.
P. arabicus, a proven vector in a CL focus in northern
Israel [14], demonstrated a clear potential of permissiv-
ity to transmit the parasite.

While transcontinental import of new vectors to Europe
by human activities appears improbable, due to the
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fragile nature of sandflies in comparison to the rather
robust invasive mosquito species, a shift of sandfly
occurrence to northern areas of Europe, traditionally
regarded as Leishmania-free, was recently well docu-
mented. In northern lItaly, an increase in the density
and geographical expansion of the Leishmania vectors
P. perniciosus and P. neglectus was observed in 2003
and 2004 compared with the situation described in the
1960s and 1970s; this enabled the establishment and
transmission of the parasite in the northern part of the
country previously regarded as non-endemic [17]. In a
similar manner, an increase in the incidence and distri-
bution of canine leishmaniasis (CanL) was reported in
2007 from a new VL focus in southern France, a region
outside the traditional endemic area of this disease.
As no major changes in land use were observed, it was
postulated that the increased CanL transmission could
be attributed to vector dispersion (P. perniciosus and
P. ariasi) due to an increase in the mean summer tem-
perature during the two decades preceding the reported
increase, a possible effect of global climate change
[18]. A similar situation was described in Spain where
the current distribution was compared to the predicted
spreading of sandfly vectors based on expected cli-
mate changes [19]. In Germany, the detection of leish-
maniasis cases in humans and animals (dogs, cats,
horses) that had never travelled outside the country,
has led to the hypothesis of a recent establishment of
autochthonous transmission [20], suggesting a north-
ward expansion of L. infantum, although entomological
surveys have so far not provided solid evidence for the
presence of competent vector species in Germany.

Reservoirs

Dogs, which may suffer from severe disease (Canl),
are the primary domestic reservoir hosts of zoonotic
VL caused by L. infantum. Canine infections are wide-
spread in southern Europe, representing both a pub-
lic health threat and a veterinary problem. Infections
in cats and horses have also been reported in areas
where Canl is present, and cats may suffer from feline
leishmaniasis syndrome, which is less severe com-
pared to Canl [21]. In Europe, a number of other indig-
enous mammal species have been found infected by
L. infantum, including Mus spretus (Algerian mouse),
Apodemus sylvaticus (European wood mouse), Rattus
rattus (black rat), Rattus norvegicus (brown rat), Meles
meles (European badger), Martes martes (European
pine marten), Mustela nivalis (weasel), Geneta geneta
(common genet) and Vulpes vulpes (red fox) [6,21]. In
addition to domestic dogs, the ability to transmit infec-
tion has been confirmed by xenodiagnosis in black rats
and domestic cats [22], suggesting that they may rep-
resent a secondary reservoir host for L. infantum. The
important question is: can any of these species serve
as reservoir host, and can they participate in the estab-
lishment and spread of the parasite in new foci?

Zoonotic CL, caused by L. major, is not considered

a threat for Europe, not even a very low risk, since
its natural reservoir hosts, gerbils of the genera
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Rhombomys, Psammomys and Meriones, are not found
in European countries [6]. However, the recent finding
that voles of the species Microtus guentheri, a common
rodent in Balkan countries, were infected by L. major
in Israel [5], has challenged this assumption. In con-
trast, CL caused by L. tropica is universally believed
to be anthroponotic because it is prevalent in urban
settings. However, dogs have been reported as possi-
ble reservoirs or accidental hosts of L. tropica in some
countries [21]. In a broader geographical context of
the Mediterranean region, several zoonotic foci have
been described, with rock hyraxes (Procavia capensis)
as reservoirs in Israel [7,14] and Ctenodactylus gundi
rodents found infected and probably serving as reser-
voirs in the area of Maghreb [23]. These two examples
from neighbouring areas to Europe illustrate that the
traditional terms used for the diseases caused by L.
tropica and L. major, ‘anthroponotic CL’ and ‘zoonotic
CL, respectively, may not be fully appropriate.

Spread of endemic L. infantum and

the risk of introduction of non-

endemic Leishmania species

Being previously confined to coastal Mediterranean
biotopes, autochthonous leishmaniasis caused by
L. infantum does not appear to be limited to these hab-
itats anymore, suggesting an expansion towards new
biotopes at northern latitudes and higher altitudes.
During the period from 2002 to 2009, the northward
spread of CanL was monitored in northern lItaly, in
newly endemic regions, with mean seroprevalences
increasing from 1.8 to 4.7%, and reported human VL
and CL cases [17]. In a region of the French Pyrenees,
outside the traditional area endemic for leishmania-
sis, CanL seroprevalence rates increased 10-fold over
a period of 13 years between 1994 and 2007 [18]. In
south-eastern Spain, a progressive increase in CanlL
seroprevalence rates was reported at elevated alti-
tudes in the Alpujarras region, climbing from 9.2% in
1984 to 20.1% in 2006 [24]. Furthermore, a new CanlL
focus was recently detected in a Pyrenean area of
north-western Catalonia [25].

It transpires, from both published and unpublished
information that leishmaniasis cases due to Leishmania
species that are not indigenous to Europe, are indeed
frequent [6,21], occurring in migrants, visiting friends
and relatives, or European citizens travelling to
endemic countries outside Europe for tourism or work.
Some 100 VL, 400 CL and 700 CanL imported cases
have been diagnosed and published from traditionally
non-endemic countries of Europe north of the regions
with natural occurrence of leishmaniases (Germany,
the Netherlands and the United Kingdom). Information
about non-indigenous Leishmania importation in
endemic areas of southern Europe is scarce because
it is difficult to discriminate between autochthonous
and non-autochthonous cases that share similar clini-
cal aspects. For example in Italy, during 2011 and
2012, about 20 cases (16 of them immunocompetent
CL patients) from four New World and 10 non-European
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FIGURE 1

Human leishmaniasis outbreak of Fuenlabrada, Spain, 2009-2012 (n=449)
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Old World countries were diagnosed, indicative of the
intense circulation of parasites at global level. Most
imported cases are CL forms caused by L. tropica or L.
major, but also by neotropical parasites of the L. bra-
Ziliensis, L. amazonensis or L. guyanensis complexes.
Although adaptation of the latter parasites to Old
World phlebotomine vectors and reservoir hosts does
not seem probable, phlebotomine species susceptible
to full development of L. tropica (P. sergenti) or L. major
(P. papatasi) have been recorded in several southern
European countries. Notably, the geographical range of
P. sergenti extends to Spain, Portugal and Italy (Sicily),
where genetic competence of local sandfly populations
for anthroponotic L. tropica transmission has been
suggested [26]. Because of the zoonotic nature of L.
major, the probability of its introduction appears to be
low. Nevertheless, hybrid Leishmania from Portugal
have been reported, which share genetic traits from
L. infantum and L. major, suggesting that adaptation of
novel parasites to southern European vectors may take
place in the future [27].

New foci in Spain, Crete and Cyprus

Spain

Recently, a new L. infantum focus has been described
in Spain. Since late 2010, an unusual increase of
human leishmaniasis cases (VL and CL) has been
observed in the south-western Madrid region, mainly
in Fuenlabrada (204,838 inhabitants) and was consid-
ered as an outbreak (Figure 1). The incidence rate in
this municipality rose from 2.44/100,000 inhabitants

100

196

2011 2012

Year

in 2009 to 54.2/100,000 inhabitants in 2013. From July
2009 to December 2012, 449 leishmaniasis cases were
diagnosed in Fuenlabrada and three affected neigh-
bouring municipalities, Leganés, Getafe, and Humanes
de Madrid, of which 158 (35.3%) were VL.This was the
first reported outbreak of VL and CL of such magni-
tudein Spain.

From 2005 to 2011 a new periurban green park of
around 450 hectares with an irrigation system was
established very close to the residence of many of the
VL and CL cases. This provided abundant food for hares
in an area previously used for agriculture, now free of
predators and hunters.

A survey revealed a large population of hares (Lepus
granatensis) and a small population of rabbits living
in this park, therefore the role of hares and rabbits as
potential reservoirs of leishmaniasis in this focal area
was studied during 2011 and 2012. Seroprevalence
for Leishmania, studied during the same period in the
same area in 2,070 dogs (by rK39 dipstick), was found
to be 1.64% [28]. In addition, Leishmania was detected
using a Leishmania-specific nested PCR (Ln-PCR)
amplifying three targets (ITS1, ITS2, and hspyo) which
proved to have 100% specificity for Leishmania [29].
Original R223 and R333 primers [30] used in this
Ln-PCR assay detected Leishmania in four of 55 spleen
samples from cats (7.3%) and in one of 66 spleen sam-
ples from rabbits (1.5%). However, the most interest-
ing results were found in hares, as 43 of 148 animals
studied (29%) were positive in Ln-PCR on spleen or
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skin samples collected between December 2011 and
July 2012. Xenodiagnosis assay, carried out on seven
hares (using a P. perniciosus colony) revealed four pos-
itive animals [3], proving for the first time that sandfly
vectors acquire L. infantum by feeding on apparently
healthy hares. Direct sequencing of the positive ITS1,
ITS2, and hsp7o PCR products was performed [31].
Molecular characterisation, based on the ITS1 and ITS2
regions and the hsp7o gene of 30 isolates, 24 from
humans and six from hares (six positive sandflies after
xenodiagnosis of three hares), were consistent with
L. infantum and 100% identical to the sequence of
the L. infantum strain isolated in Spain in 1987 from a
patient with CL. Between December 2011 and February
2013, about 1,200 hares were captured in the park,
representing a high population density of around 265
hares/kmz. A preliminary entomological study was con-
ducted in September and October 2011, before starting
the disease control measures, in order to analyse by
PCR the blood feeding preferences of sandflies (based
on the vertebrate cytochrome b gene), which showed
a clear feeding preference for hares [32]. In the same
study, the detection of Leishmania in the wild-caught
P. perniciosus (studied by kDNA-PCR and cpb PCR)
showed that 58.5% of flies were positive to L. infan-
tum. This was the first evidence that hares can play a
role as a reservoir of L. infantum in Europe, suggesting
the existence of a sylvatic transmission cycle linked to
the urban periphery. As noted above, the creation of
the park resulted in an increase of hares as the res-
ervoir host and sandfly populations, and thus led to
the urbanisation of leishmaniasis. The new VL focus
in Fuenlabrada is thus an example of leishmaniasis
emergence due to environmental changes induced by
man. The role of hares, and other possible sylvatic res-
ervoirs, in the epidemiology of leishmaniasis deserves
special attention in endemic sites.

Crete

In the island of Crete, Greece, CL was so common sixty
years ago that it had a local name, ‘Chaniotico spyri’,
meaning ‘the skin lesion found in the area of Chania’.
Yet, after DDT spraying against malaria vectors dur-
ing World War Il, sandfly populations were drastically
reduced [33,34] and Crete remained a latent focus for
CL for over 25 years [35]. Recently however, CL due to L.
tropica has re-emerged and spread to all parts of Crete,
with an average of five CL cases per year observed in
the last three years. The parasite was isolated from
relapsed patients, over 60 years-old, who reported
that they had ‘Chaniotico spyri’ during childhood, as
most people in their village at that time [35]. Of the 19
CL cases known in Crete during the last three years, 15
were over 60 years-old. Possibly age-related changesin
the immune system of these patients allowed the para-
site to become activated and cause new lesions. Such
cases are expected to appear in larger numbers as peo-
ple infected at childhood get older. Currently, L. infan-
tum and L. tropica are found circulating in the island
of Crete, a closed ecosystem of 8,336 km? and with
a population of 601,131 (Greek statistics department
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2001). They are involved in zoonotic and anthroponotic
cycles, with an increasing number of human cases and
a reported mixed infection in a dog. The two prevailing
Phlebotomus species in Crete are P. neglectus and P.
similis, the first a proven vector of L. infantum and the
second a suspected vector of L. tropica. However, 10
Phlebotomus species are found in the island [35], and
vectorial capacities of most of them have not yet been
investigated. These species, like P. mascittii, may be
able to transmit the local parasites but also other para-
site species and/or strains that could be introduced to
the island, to humans and other hosts, a situation that
may complicate the epidemiology of the disease and
its implications for public health in the future.

Cyprus

L. donovani is anthroponotic, causing VL, CL and post-
kala-azar dermal leishmaniasis, depending on the
geographical area. It is considered more aggressive
than L. infantum and often does not respond to treat-
ment with first-line drugs. For decades, L. infantum in
Cyprus has been causing canine leishmaniasis without
causing any human cases [36,37]. CanL was a seri-
ous veterinary problem until 1945 [38], but became
latent after the mosquito eradication campaign [39]
and the vast reduction in dog numbers (from 46,000
to 6,000) as a consequence of the successful anti-
echinococcosis campaign between 1970 and 1975
[40,41]. Nevertheless, the reservoir host and vector
populations for leishmaniasis gradually increased and
CanlL re-emerged on the island. In 1996, overall CanL
seroprevalence was reported to be 1.7%; by 2006, it
had increased six-fold, reaching 33.3% in some areas.
Nevertheless, only one infantile VL case was reported
during this period, in 1987 [42]. The situation is differ-
entin the northern part of the island not under effective
control of the Government of the Republic of Cyprus,
where an increasing number of human CL and VL, as
well as Canl cases have been reported [43]. Although
the population of the two parts of Cyprus has been free
to cross the green line since 2003, leishmaniasis cases
were not reported in the southern part until 2006, when
three CL and two VL human cases were diagnosed.

For the typing of the isolates from Cyprus, a K26-PCR
assay, which is specific for the L. donovani complex
and discriminates between L. donovani and L. infan-
tum [44], was used, together with multilocus enzyme
electrophoresis (MLEE), the current reference method
for characterising and classifying Leishmania strains
[45], as well as microsatellite analysis [46]. All meth-
ods incriminated L. donovani MON-37 as the responsi-
ble strain. These isolates were found to be genetically
very closely related to the Turkish L. donovani MON-37
and differed from the L. donovani MON-37 found in all
other countries. This indicates that the parasite may
have been introduced to Cyprus recently, probably
from mainland Turkey, where human leishmaniasis is
widespread, by Turkish immigrants and/or the army
following the war in 1974. The fact that this strain was
isolated from both human hosts and P. tobbi in Turkey
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FIGURE 2

Cutaneous leishmaniasis due to Leishmania donovani,
Cyprus, 2011

Photograph by Maria Antoniou. The patient agreed for the
photograph to be published.

[46], strengthens the hypothesis that this vector may
be responsible for the transmission of both Leishmania
species in southern Cyprus, where no P. neglectus
has been recorded so far [37]. However, further stud-
ies should investigate the capacity of other species to
transmit L. donovani in Cyprus, such as P. galilaeus.
Four new human CL cases (Figure 2) and one VL case,
caused by L. donovani, have been diagnosed in Cyprus
since. L. donovani was also found, as a mixed infec-
tion with L. infantum, in a dog (one of 20 dogs exam-
ined by K26-PCR) living in the same district as three CL
patients [37].

All evidence indicates that two different transmission
cycles are taking place on the island, one of L. infantum
in dogs and one of L. donovani in humans. However,
the mixed infection in the dog suggests that the cycles
meet, demonstrating that some of the sandfly species
found on the island bite both dogs and humans, con-
trary to what was believed [47]. The question remains:
why do humans in the southern part of Cyprus not get
infected by L. infantum? A seroepidemiolological study
conducted in 600 people in two areas on Cyprus defined
as high-risk in a seroepidemiological study conducted
in dogs and one area defined as low-risk, did not
reveal antibodies against the parasite [37]. However,
a larger sample should be studied, to investigate the
situation in depth before conclusions can be reached.
It is also interesting to note that cases of VL have been
reported in tourists visiting Cyprus [48,49] and that
no Leishmania and HIV co-infections are known on the
island. It is probable that genetic differentiation, in the
parasite, the vector or the native population, has taken
place, and these possibilities should be investigated to
explain the Cyprus paradox [37].
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Conclusion

It is apparent that the epidemiology of the leishmani-
ases in the Mediterranean basin is changing. Historical
foci, silent for several decades, re-emerge and the
threat of new strain/species introduction is evident.
The new focus in Spain, with hares as reservoirs, clearly
shows that hosts, neglected in previous epidemiologi-
cal considerations, may play a major role in transmis-
sion cycles under changing conditions. At the same
time, the concept of specific and permissive vectors
draws attention to the possibility that a larger number
of sandfly species could be incriminated in parasite
transmission.Many reports indicate introduction and
spread of exotic Leishmania species and zymodeme
variants to areas of Europe that are already endemic.
In areas where sandfly vectors are well established
and circulating the local parasites, such introductions
of for example a new L. tropica zymodeme in Crete
and L. donovani in Cyprus [36], if able to support and
transmit the new invaders, will enhance the possibility
of genetic exchange between different species/strains
of the parasite. As a result, new hybrids may be gen-
erated with different epidemiology, pathogenicity or
drug resistance, a situation already shown in Portugal

[27].

There is an urgent need to identify both Leishmania
species and their vectors in detail. To safeguard pub-
lic health, targeted control measures must be under-
taken by local and European authorities. At the same
time it is of vital importance for doctors in human and
veterinary medicine to be well informed on the disease
symptoms, therapy, and resistance of Leishmania to
drugs. Scientific consortiums such as EDENext could
prove appropriate platforms to accumulate, coordi-
nate and integrate up-to-date knowledge and assist
decision makers in assessing public health problems
related to leishmaniases, appropriately.
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In 2012, an international group of experts from 12 insti-
tutions in seven European countries set up LeishMan
(Leishmaniasis Management) [1], a project aiming to
improve treatment of leishmaniasis on the basis of clin-
ical presentation and molecular species differentiation.

The group of experts from currently 12 centres in
Belgium, France, Germany, the Netherlands, Spain,
Switzerland and the United Kingdom, aims to har-
monise the diagnostic and clinical management of
patients with cutaneous and mucosal leishmaniasis in
Europe and has the following objectives:

e to conduct inter-laboratory comparisons and qual-
ity controls for diagnosis and parasite collection
procedures;

to establish and validate a consensus on molecular
species typing;

to address taxonomic problems in human-patho-
genic species of the Leishmania genus;

e to implement permanent exchange between special-
ists and harmonise treatment recommendations in
Europe;

to collect accurate information on the treatment of
cutaneous and mucosal leishmaniasis in Europe.

As different genotyping methods are in use in the vari-
ous laboratories, a comparative analysis is required
to assess whether they produce congruent results. To
this end, a comparison of all currently applied species
typing techniques is performed on the basis of a well-
defined strain reference set. Development of standard-
ised molecular tools is a further goal.
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Sequence information from various parasite genome
targets will be systematically collected from all clini-
cal cases, and the outcome will be linked to the clini-
cal parameters for final analysis of treatment success.
Clusters of genotypes will be analysed with respect to
clinical presentation and treatment outcome.

With the ongoing revision of the taxonomy of the genus
Leishmania and after discussing difficulties in discrimi-
nating closely related species or species hybrids, the
participants have agreed to form a working group with
the aim to address these shortcomings.

A multicentre, multinational surveillance has started
analysing leishmaniasis treatment protocols and treat-
ment outcomes with respect to the infecting parasite
genotype or species. All patients with parasitologically
confirmed cutaneous or mucosal leishmaniasis are
included in the participating centres. The clinical data
(patient data, country where the lesion was acquired,
localisation and description of the lesion, etc.) are
assessed in a questionnaire and documented before
and after treatment. Each physician applies their rou-
tine treatment schedules. However, suggestions for
treatment guidance will be offered to all physicians.
Patients will be followed at least until the lesion has
healed. Follow-up examinations will be done according
to the current guidelines.
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Fortnightly, print and online. In Spanish.
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SWEDEN
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Weekly, online. In Swedish.
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Weekly, online only. In English.
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EUROPEAN UNION

“Europa” is the official portal of the European Union. It provides up-to-date
coverage of main events and information on activities and institutions of the
European Union.

http://europa.eu

EUROPEAN COMMISSION - PUBLIC HEALTH

The website of European Commission Directorate General for Health and
Consumer Protection (DG SANCO).

http://ec.europa.eu/health/

HEALTH-EU PORTAL

The Health-EU Portal (the official public health portal of the European Union)
includes a wide range of information and data on health-related issues and
activities at both European and international level.

http://ec.europa.eu/health-eu/

EUROPEAN CENTRE FOR DISEASE PREVENTION AND CONTROL

European Centre for Disease Prevention and Control (ECDC)

The European Centre for Disease Prevention and Control (ECDC) was
established in 2005. It is an EU agency with aim to strengthen Europe’s
defences against infectious diseases. It is seated in Stockholm, Sweden.

http://www.ecdc.europa.eu
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