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Resumo

Resumo

Leishmania infantum, um parasita zoonotico transmitido por vetores, ¢ endémico na regido do
Mediterraneo. A infe¢@o assintomadtica ¢ o desfecho mais comum da exposi¢do ao parasita. Na regido
do Mediterraneo, estudos sobre a prevaléncia da infec¢do assintomatica frequentemente baseados em
testes serologicos em dadores de sangue sugeriram seroprevaléncias regionais entre 1 ¢ 8%. Quando
sintomatica, a infecdo por L. infantum manifesta-se principalmente como leishmaniose visceral (LV),
mas também como leishmaniose tegumentar (cutdnea — LC - e leishmaniose mucosa - LM). Em
Portugal, a notificacdo as autoridades de saude publica é obrigatoria apenas para os casos de LV ¢ é
provavel uma subnotificacdo significativa. Neste contexto, este projeto de doutoramento teve como
objetivo esclarecer a situagdo epidemioldgica atual e o impacto da leishmaniose em Portugal, por
meio de: (i) avaliagdo da prevaléncia de infecdo assintomatica em dadores de sangue em Portugal
Continental; (ii) caracterizacdo dos conhecimentos, percecoes e praticas (CPP) de estudantes de
saude, profissionais e dadores de sangue em relagdo a leishmaniose; e (iii) andlise dos aspetos
sociodemograficos e clinicos dos casos de LV, LC e LM diagnosticados em hospitais do Servigo
Nacional de Saude em Portugal Continental, entre 2010 e 2020.

Para tal, foram realizados trés estudos, baseados em: detecdo de anticorpos contra Leishmania no
sangue e aplicacdo de um questionario sociodemografico e de CPP em dadores de sangue; aplicagdo
de um questionario de CPP a estudantes e profissionais de saude; revisdo de dados clinicos de
episodios de leishmaniose em processos hospitalares.

A seroprevaléncia verdadeira nacional estimada em dadores de sangue foi de 4,8% (intervalo de
confianga a 95%: 4.1-5.5%). Sexo masculino, idade superior a 25 anos e residéncia na regido Centro
foram fatores significativamente associados a seropositividade mais elevada, na analise multivariada.
No geral, 72,3% dos dadores de sangue j4 tinham ouvido falar da leishmaniose. Entre estudantes e
profissionais de satde, a leishmaniose animal foi considerada diagnosticada em Portugal por 87%
dos participantes, e a humana por apenas 69%. As pontuagdes médias de conhecimento e percegao
foram maiores entre os profissionais de satide animal. Em hospitais publicos, foram identificados 221
casos de LV, 43 de LC e 7 de LM entre 2010 ¢ 2020. Foi observado um aumento na incidéncia
nacional estimada nos anos apds 2016. A LV foi predominantemente diagnosticada em pessoas que
vivem com VIH e em criangas, mas o desfecho clinico geralmente foi pior em pessoas com
imunossupressdo ndo associada a VIH. Apresentacdes atipicas foram observadas em 8,5% dos casos
de LV. Apenas 49,7% dos novos casos de LV foram notificados. Na LC, individuos
imunossuprimidos constituiram uma propor¢do significativa dos casos (48%) e, neste grupo, LC
disseminada (22%) e LV simultinea (54%) foram comuns. A abordagem ao tratamento foi muito
heterogénea. Os casos de LM foram todos autoctones, diagnosticados principalmente em individuos
mais idosos, imunossuprimidos, € geralmente foram tratados com anfotericina B lipossomal.

Pela intercecdo de dados de infecdo assintomatica, casos sintomaticos ¢ CPP obtidos durante este
projeto de doutoramento, pode concluir-se que a infecdo por Leishmania representa uma ameaca
persistente em Portugal. Mesmo assim, o reconhecimento da doenga como autoctone em humanos é
insuficiente entre a comunidade de estudantes e profissionais de satde. Os aumentos regionais
recentes na incidéncia e as seroprevaléncias, inesperadamente altas, devem ser monitorizados de perto
para permitir intervencdes rapidas. Os programas para controlar a doenca devem concentrar-se em
fornecer ferramentas para um diagnostico mais precoce, em reduzir a subnotificagcdo e promover uma
vigilancia integrada de doenga humana e animal, seguindo uma abordagem de Saude Unica.

Palavras-chave: Leishmania, leishmaniose, Portugal, assintomatica, prevaléncia

viii



Abstract

Abstract

Leishmania infantum, a zoonotic vector-borne parasite, is endemic in the Mediterranean region.
Asymptomatic infection is the most common outcome of exposure to this parasite. In the
Mediterranean region, studies on the prevalence of asymptomatic infection often relied on serological
testing in blood donors have suggested regional seroprevalences between 1 and 8%. When
symptomatic, infection with L. infantum presents mostly as visceral (VL), but also as tegumentary
leishmaniasis (cutaneous — CL - and mucosal leishmaniasis - ML). In Portugal, reporting to public
health authorities is mandatory only for VL cases and significant underreporting is likely. In this
context, this doctoral project aimed to clarify the current epidemiological situation and burden of
leishmaniasis in Portugal, by: (i) assessing the prevalence of asymptomatic infection in blood donors
in mainland Portugal; (ii) characterizing the knowledge, perceptions and practices (KPP) of health
students, professionals and blood donors regarding leishmaniasis; and (iii) analyzing the
sociodemographic and clinical aspects of the VL, CL and ML cases diagnosed in hospitals of the
National Health Service in mainland Portugal, between 2010 and 2020.

For this purpose, three studies were conducted, based on: detection of antibodies against Leishmania
in blood and the application of a sociodemographic and KPP questionnaire to blood donors;
application of a KPP questionnaire to healthcare students and professionals; review of clinical data
from cases of leishmaniasis in hospital records.

The estimated national true seroprevalence in blood donors was 4.8% (95% confidence interval: 4.1-
5.5%). Male sex, age over 25 years old and living in the Centro region were factors significantly
associated with higher seropositivity in multivariate analysis. Overall, 72.3% of blood donors had
previously heard of leishmaniasis. Among health students and professionals, animal leishmaniasis
was considered to be diagnosed in Portugal by 87% of participants, and human leishmaniasis by only
69%. Median knowledge and perception scores were higher among professionals in the animal health
field. In public hospitals, 221 VL, 43 CL and 7 ML cases were identified between 2010 and 2020. An
increase in estimated national incidence was seen in the years after 2016. VL was predominantly
diagnosed in people living with HIV and in children, but the clinical outcome was generally poorer
in non-HIV patients with associated immunosuppression. Atypical presentations were seen in 8.5%
of VL cases. Only 49.7% of new VL cases were reported. In CL, immunosuppressed individuals
constituted a significant proportion of patients (48%) and, in this group, disseminated CL (22%) and
simultaneous VL (54%) were common. Approach to treatment was very heterogeneous. ML cases
were all autochthonous, diagnosed primarily in older immunosuppressed individuals and were
generally treated with liposomal amphotericin B.

By interception of data from asymptomatic infection, symptomatic cases and KPP obtained during
this doctoral project, it can be concluded that Leishmania infection presents a continuing threat in
Portugal. Even so, recognition of the disease as autochthonous in humans is insufficient among the
health student and professional community. Recent regional increases in incidence and unexpectedly
high seroprevalences should be closely monitored to allow prompt interventions. Programs to control
the disease should focus on providing tools for earlier diagnosis and on reducing underreporting and
promoting an integrated surveillance of human and animal disease, following a One Health approach.

Keywords: Leishmania, leishmaniasis, Portugal, asymptomatic, prevalence
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CHAPTER 1
General introduction

1. The pathogen: Leishmania

Leishmaniases are a group of diseases caused by protozoan parasites of the genus
Leishmania. These eukaryotic single-celled parasites present two primary morphological
forms: the promastigote in the invertebrate host and the amastigote in the vertebrate host (1).
The promastigote form is characterized by an elongated body (15 to 20 um in length and 1.5
to 3.5 um in width), an anterior projecting free flagellum of variable size, and a centrally
located oval nucleus. Amastigotes present a round or ovoid shape (diameter of about 2—6
um), a rudimentary flagellum, and a typically eccentric, large nucleus (1). Both forms present
a modified mitochondrion, called the kinetoplast; this structure appears anterior to the
nucleus, as a dense disk-shaped structure, that is directly associated with the basal body, from

which the flagellum emerges through the flagellar pocket (1,2).

Some genomic features of trypanosomatids, compared to other eukaryotes, include
presence of a kinetoplast, genes without introns, a nucleus with polycistronic transcripts and
small chromosomes with high gene density (3). Leishmania parasites present two genomic
pools, the nucleus and the kinetoplast: the nuclear genome is organized in 34 to 38
chromosomes, depending on the species (4); the kinetoplast genome comprises a network of
catenated circular deoxyribonucleic acid (DNA) molecules, known as kinetoplast DNA
(kDNA), present in several thousand copies. Leishmania reproduction is primarily asexual
via clonal propagation (3), but there is evidence for the occurrence of genetic exchanges,
within and between different Leishmania spp., during cyclical development in the

phlebotomine sand fly vector (5).

The genus Leishmania Ross, 1903, according to current taxonomical classification (6),
belongs to the Kingdom Protista Heackel, 1996; Phylum Euglenozoa Cavalier-Smith, 1993;
Class Kinetoplastea Honigberg, 1963; Subclass Metakinetoplastina Vickerman, 2004; Order
Trypanosomatida Kent, 1880; Family Trypanosomatidae Doflein, 1901; and Subfamily
Leishmaniinae Makloves and Lukes, 2012. The genus Leishmania is further divided into the
Euleishmania and Paraleishmania sections (7). The Euleishmania section includes all species
classified within the subgenera Leishmania, Mundinia, Sauroleishmania and Viannia, while

the Paraleishmania section comprises several Leishmania spp., some of which, following
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recent phylogenetic analysis, have been suggested to be classified under the Endotrypanum
and Porcisia genus (6,8). Over 50 species of Leishmania are currently described in the
literature (Table 1) (6), although some represent cases of synonymy. Using multi locus
enzyme electrophoresis, Leishmania strains of each species have been classically classified
in zymodemes (strains that share the same isozyme profile). More recently, different
molecular approaches have been used including multilocus sequence typing (9) and

comparative DNA sequencing of nuclear and mitochondrial targets (4).
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Table 1. Revised taxonomy of the genus Leishmania (adapted from (6,8,10-15)). Human pathogenic
species are highlighted in bold.

Genus Leishmania
Section Euleishmania
Subgenus Leishmania Mundinia
L. donovani L. major L. mexicana L. tropica L. enrietti
Complex
complex complex complex complex complex
Species L. donovani L. arabica L. amazonensis L. aethiopica L. enrietti
L. infantum L. major L. aristidesi L. tropica L. chancei
L. gerbilli L. ellisi L. macropodum
L. turanica L. forattinii L. martiniquensis
L. mexicana L. orientalis
L. venezuelensis L. procaviensis
L. waltoni
Genus ¢ 3
Section : ania Parale ania
Subgenus Sauroleishmania Viannia
L. braziliensis | L. guyanensis
Complex complex complex
Species adleri L. braziliensis L. guyanensis L. lainsoni L. colombiensis*

. agamae L. peruviana L. panamensis L. lindenbergi L. equatorensis*

. chameleonis L. shawi L. naiffi L. herreri*

. hemidactyli L. utigensis L. monterogeii*

. helioscopi L. schaudinni*

. ceramodactyli L. deanei**
davidi L. hertigi**
gulikae

. gymnodactyli

. henrici

. hoogstraali

. nicollei

. phrynocephali

. platycephala
. senegalensis
. sofieffi

. tarentolae

. Zmeevi

. zuckermani
sp. |

sp. 1l

Lsyn. L. archibaldi; 2 syn. L. chagasi; ° syn. L. garnhami; 4 syn. L. pifanoi; ®syn. L. killicki
*suggested as genus Endotrypanum; **suggested as genus Porcisia by Espinosa (2018)
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2. The hosts

2.1. Invertebrate hosts

Leishmania parasites are naturally transmitted through the bite of phlebotomine sand
flies (Diptera; Psychodidae; Phlebotominae). These arthropods belong mostly to the genus
Phlebotomus in the Old World and Lutzomyia in the New World (16). Only around 10% of
the over 1000 species/subspecies of sand flies that have been validated/described are proven
or suspected vectors of Leishmania (17). Most sand fly species do not support the
development of the parasite and are considered refractory. Some sand fly species are
considered specific or restrictive vectors, displaying strong specificity for certain
Leishmania species, while others support development of multiple Leishmania species and

are termed permissive vectors (17).

Although they prefer warm, humid, tropical climates and semi-desert vegetation
habitats, sand flies are distributed from latitude 50° N to latitude 40° S, from below sea level

to over 3,000 m in altitude (17).

Phlebotomine sand flies are small (body length 1.5-3.5 mm), hairy and have long, stilt-
like legs. Their hairy wings extend at a 40° angle over the body at rest. Sand flies are weak
fliers (short hopping flight, horizontally near ground level) and usually disperse only a few
hundred meters from their breeding sites (18,19). Although some sand fly species are
common all year-round in tropical areas, in temperate climate zones adult sand flies are only
present during the warmer months (in Europe, the active season spans from April to

November, depending on the latitude) (20).

Sand flies’ life cycle is exclusively terrestrial and comprises complete metamorphosis
(holometabolous development) through four developmental stages: egg, larva, pupa and adult
(18,19). Preferred breeding sites are high humidity microhabitats, such as cracks and holes
in the ground or buildings, animal burrows and among tree roots or holes (21). Eggs hatch
after 4-20 days. Larvae are mainly scavengers (feeding on organic matter); their development
is completed in 20-30 days and involves four instars. After a pupal stage lasting 6-13 days,

the adult sand flies emerge (18,19). Both sexes feed on natural sources of sugars (such as
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plant sap and nectar). However, hematophagy in females is required to successfully produce
eggs; they naturally feed on blood from a wide range of mammalian, reptilian, amphibian
and avian host species and mostly feed at dusk and during the night. Many species are

opportunistic (feeding on the animals most easily accessible) (17).
2.2. Vertebrate hosts

Parasites of the genus Leishmania can infect a wide range of vertebrate species, most
of which are mammals. Vertebrates can be divided epidemiologically into primary reservoir

hosts, secondary reservoir hosts, or accidental hosts (22).

A primary reservoir host serves as the main source for maintaining the parasite in nature
over time, even in the absence of other host species, typically without displaying noticeable
signs of infection. Conversely, a secondary reservoir host can also act as a source of infection
for vectors, enhancing the parasite's ability to spread, but cannot sustain parasite transmission
independently of the primary reservoir host. Lastly, an accidental host, while susceptible to
infection, typically does not transmit the parasite to vectors and thus does not play a crucial
role in the ecological system where the parasite persists indefinitely in nature (22,23). Vector-
borne transmission of leishmaniasis to humans can either be anthroponotic (from human to

human) or zoonotic (from a non-human vertebrate reservoir to humans) (24).

3. Life cycle in nature

Leishmania parasites undergo a digenetic life cycle, transitioning between a vertebrate
host and an insect vector (Figure 1). Upon feeding on an infected host, a female phlebotomine
sand fly acquires Leishmania amastigotes located in phagocytes. The shift in environmental
conditions, from the mammalian host to the sand fly midgut (characterized by a decrease in
temperature and an increase in pH), prompts the development of the parasites within the
vector (25). Initially, the amastigotes differentiate into procyclic promastigotes, exhibiting
limited motility, and undergo rapid multiplication through binary fission (16,26). Within 2-3
days, they further differentiate into elongated, highly motile nectomonad promastigotes (27).

These promastigotes migrate towards the thoracic portion of the midgut, where they
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subsequently differentiate into leptomonad promastigotes, shorter forms capable of resuming
replication (25,27). A subset of leptomonad promastigotes differentiate into metacyclic
promastigotes, flagellated infective forms, characterized by their small size and heightened
motility, well-suited for survival within the vertebrate host (27). Upon the sand fly's
subsequent blood meal, metacyclic promastigotes, along with insect saliva and midgut
content, are directly inoculated into the bite wound (16). In the skin, metacyclic
promastigotes are engulfed by mononuclear phagocytes and undergo differentiation within
parasitophorous vacuoles to form amastigotes (28). These amastigotes actively multiply
within macrophages (main host cells). Following proliferation, the macrophage membrane
ruptures, releasing the parasites. Free amastigotes in circulation can then infect other
phagocytes in the skin or disseminate through the circulatory system to various internal
organs, including the bone marrow, liver, and spleen (28). The cycle is completed when

amastigotes are ingested by a competent vector.

While sand fly bites are the primary mode of visceral leishmaniasis (VL) transmission,
other routes of transmission have been documented, including: blood transfusion (29),
occupational percutaneous exposure (30), intravenous drug use (31), solid organ

transplantation (32) and vertical transmission (33).

Although sexual transmission has been clearly demonstrated in canids (34), only one
suspected case of human sexual transmission is documented in the literature (35). On the
other hand, while sporadic cases of transmission by wounds or bites have been reported in
dogs (which may be particularly relevant in non-endemic settings), no cases in the literature

solidly support this route of transmission in humans (36).
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Figure 1. Schematic life cycle of Leishmania species (image source: Leishmaniasis: life cycle;
Centers for Disease Control and Prevention; 2024. Licensed under CC BY 4.0 (37)).
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4. Epidemiology of human leishmaniasis

4.1. Global perspective

According to Alvar et. al, in 2012, endemic areas for human leishmaniasis were
distributed in a total of 98 countries and three territories, encompassing all continents, except
Antarctica (38). Formally included in the list of Neglected Tropical Diseases by the World
Health Organization (WHO) (39), leishmaniasis is still one of the world’s most neglected
diseases, primarily affecting impoverished individuals in low-income countries and in

conflict-stricken regions. It is intricately linked with factors such as malnutrition, inadequate
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housing, population displacement, compromised immune systems, and limited financial
resources (40). Globally, the population potentially at risk of developing leishmaniasis

exceeds 1 billion people (41).

In 2017, the WHO estimated the annual incidence of VL to range between 50,000-
90,000 new cases globally (41). In 2022, seven countries (i.e., Brazil, Ethiopia, India, Kenya,
Somalia, South Sudan, and Sudan) accounted for approximately 85 % of the worldwide cases
of VL (Figure 2) (42). Nevertheless, VL remains endemic in approximately 80 countries,
including Portugal (43).

Figure 2. Status of endemicity of human visceral leishmaniasis (VL) worldwide in 2022 (image

source: Status of endemicity of visceral leishmaniasis: 2022; World Health Organization; 2023.
Licensed under CC BY-NC-SA 3.0 IGO (43)).
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Annually, 600,000-1,000,000 cases of cutaneous leishmaniasis (CL) were estimated to
occur, in 2022; approximately 85 % of these cases occurred, in 2022, in Afghanistan, Algeria,

Brazil, Colombia, Iran, Iraq, Pakistan, Peru, Syria (Figure 3) (44). Forced migration resulting
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from armed conflicts seems to be a significant factor influencing the incidence of CL, with

imported cases frequently observed in non-endemic countries (45).
Figure 3. Status of endemicity of human cutaneous leishmaniasis (CL) worldwide in 2022 (image

source: Status of endemicity of cutaneous leishmaniasis: 2022; World Health Organization; 2023.
Licensed under CC BY-NC-SA 3.0 IGO (46)).
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4.2. Regional perspective — Europe

Both clinical forms of human leishmaniasis, VL and CL, are endemic and
geographically widespread in the WHO European Region. In this region, L. infantum is the
etiologic species of most autochthonous human leishmaniasis cases, although sporadic cases
of localized transmission of anthroponotic cutaneous leishmaniasis caused by L. tropica in
Greece (Crete) and VL and CL caused by L. donovani in Cyprus have been described (47).
Additionally, L. major has been detected in sand flies in Portugal (48) and L. major/L.
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infantum hybrids have been documented in humans (in immunosuppressed patients) (49) and

in cats (50).

In European regions where L. infantum is endemic, dogs are considered to be the main
reservoir host for human infection. Increasing evidence suggests that cats may also play a
relevant epidemiological role, as reservoir hosts, especially in areas where they are present
in high numbers, with limited availability of effective ectoparasiticides, and where most dogs
are well-protected against sand fly bites (51). Wild animals such as canids (wolves, foxes)
and leporids (hares, rabbits) have also shown to be infected by Leishmania parasites and may
connect the wild, rural and urban environments (52). In the largest community outbreak of
leishmaniasis documented in Europe (in Madrid, Spain, from 2009 to 2012) hares, and in less

extent rabbits, were implied as the potential sylvatic reservoir (53,54).

The estimated distribution of autochthonous leishmaniasis by L. infantum in Europe in
2005-2020 has been recently reviewed (55). In this period, 8,367 human cases were reported
to the WHO, of which 69% were VL (94% considered autochthonous) and 31% were CL
(53% imported). The highest cumulative incidence in this period per 100,000 population of
VL was in Albania (2.15 cases), followed by Montenegro, Malta, Greece, Spain and North
Macedonia (0.53-0.42), Italy (0.16), Portugal (0.09). However, for several countries,
incidence estimates according to hospital discharges were significantly higher than calculated
using WHO reported cases. Overall, there was no evidence of widespread increased
incidence of autochthonous human leishmaniasis by L. infantum in European countries.
According to the available data, VL incidence followed a decreasing trend in Albania, Italy
and Portugal. Animal leishmaniasis and human CL likely remain highly underreported, since
reporting is not mandatory in many countries and, in some countries, mandatory reporting of
canine leishmaniasis is restricted to specific regions of the country or contexts (e.g.,

municipal veterinarians).
4.3. National perspective - Portugal

In Portugal, although human leishmaniasis is considered hypoendemic, the estimated
prevalence of canine Leishmania infection seems to be high as suggested by a recent

nationwide serological survey, conducted in 2021, where national seroprevalence was
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estimated at 12.5%, with some districts reaching approximately 30% (Portalegre and Castelo
Branco) (56). This represented an increase compared to data from a similar survey performed
in 2009, in which the global seroprevalence was 6.3% (57). The role of cats in the
epidemiology of leishmaniasis in Portugal has also been the subject of study. Antibodies
against Leishmania have been detected in 0.6-3.7% of cats in the Tras-os-Montes e Alto
Douro (58), Lisboa (59,60) and Algarve (61) regions. Detection of Leishmania DNA in
peripheral blood by molecular testing ranged from 0.3 to 30.4%, in several studies covering

the Norte, Centro and South regions of the country (62—65).

Human leishmaniasis in Portugal was classically considered a pediatric disease;
however, in the 1980s, the emergence of a new immunosuppressive factor (human
immunodeficiency virus — HIV-infection/acquired immunodeficiency syndrome - AIDS) led
to an overall increase in cases, with a relative increase in adults. With the introduction of
antiretroviral therapy (ART) in Portugal in the second half of the 1990s, the incidence of
leishmaniasis and the number of relapses decreased significantly, although at a slower pace

than in other Mediterranean countries (66).

In the 20™ century, the Alto Douro region was the most active focus of human
leishmaniasis, with an incidence of 8.3 cases/100,000 inhabitants/year (67). In the Algarve
Region, the Pediatrics department of the district hospital reported 43 cases of VL diagnosed
between 1980 and 1988 (68) and the incidence of human leishmaniasis in that region and at
that time was estimated at 1.2 cases/100,000 inhabitants/year (67). In the Area Metropolitana
de Lisboa (AML) region, where the burden of co-infection with HIV was especially high and
infections were more often associated with urban than rural environments, the estimated

incidence was 0.2 cases/100,000 inhabitants/year (67).

More recently, the sociodemographic and clinical aspects of cases of VL diagnosed in
public hospitals in Mainland Portugal between 1999 and 2009 were reviewed (69). A total of
375 patients were hospitalized in this period (51.1% were people living with HIV — PLWH -
and 6.5% presented immunosuppression from another cause). Around 70% of patients were
male; bone marrow aspirate or biopsy was performed for diagnosis in almost all cases, with

detection of Leishmania by microscopic observation (nucleic acid amplification tests —
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NAAT - were used in only 25.1% of cases). Liposomal amphotericin B was the preferred
choice for treatment (53.5%), followed by meglumine antimoniate (40.8%). Only 38.6% of
VL cases were notified to public health authorities, although declaration is mandatory since
the 1950s. After 2010, available data from reported cases (up to 2018) showed a decreasing
trend in national incidence of VL; the Alto Tamega, Alto Alentejo, Baixo Alentejo and Beira
Baixa Nomenclature of Territorial Units for Statistics (NUTS) 3 regions presented the highest
incidences in this period, although an apparent reemergence of disease in the Algarve was
noted after 2013 (70,71). Cases of VL published in the literature after 2010 highlight the
threat of Leishmania in Portugal in the setting of solid organ transplant (72), hematopoietic
stem cell transplant (73) and drug-induced immunosuppression for autoimmune and

inflammatory disorders (74).

The epidemiology of CL is not as well known in Portugal, probably due to the benign
course of the lesions (leading to underdiagnosis) and the fact that it is not a mandatory
notifiable disease. Although CL seems to be not as frequent in Portugal as in Spain, where
the incidence of this form is some areas matches the incidence of VL (75), it is estimated that
about ten new cases are diagnosed annually (76). In the reference laboratory for leishmaniasis
of the IHMT, 27 cases of CL were diagnosed between 1999 and 2014 (77). Recent, isolated
autochthonous cases of CL in Portugal have also been reported in the literature (78), as well

as L. infantum-associated mucosal leishmaniasis (ML) (79).

Early studies on sand flies in Portugal have revealed the species P. perniciosus and P,
ariasi as proven vectors of L. infantum in the country (80). In the 21st century, additional
sand fly surveys have been conducted in the Médio Tejo and Algarve regions of Portugal,
with detection of Leishmania DNA in specimens of P. perniciosus (in all studies) and P. ariasi
(in one study) and an infection rate of 0.13-0.48% (81-85). Additionally, Leishmania DNA
has been detected in Sergentomyia minuta specimens in the Alentejo (L. infantum) (86) and
Algarve (L. major and Leishmania sp.) (83) regions; however, members of this genus, proven
vectors of Sauroleishmania sp., have not been completely established as competent vectors

of human pathogenic Leishmania species (87).
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5. Clinical presentation and management of human leishmaniasis

At least 22 species of Leishmania have been identified as pathogens in humans, and

numerous species of phlebotomine sand flies are implicated in their transmission (45) (Tables

2 and 3). Human leishmaniasis is primarily zoonotic, except for L. donovani and L. tropica

in most settings (22).

Table 2. Leishmaniasis in the Old World: etiology, geographical distribution, vectors, reservoir hosts,
transmission type and clinical forms (adapted from (11,13,19,22,40,88-92)).

Geographical distribution

Proven or suspected ector

Prowen or suspected reserwir Transmission Clinical form*

Bangladesh; Bhutan; Chad; China; Cyprus;
Djibouti; Ethiopia; India; Iraq; Israel; Kenya;

P. alexandri; P. argentipes ; P. celiae ; P.

Humans; Dogs; Mongooses;

L. donovani Nepal: Saudi Arabia: Somalia: Sri Lanka: ch!nen5|.s s.l.; P. longiductus; P. martini; P. Rodents Anthroponotic |VL; (CL; ML)
. orientalis; P. vansomerenae
Sudan; Uganda; Ukraine; Yemen
Afghanistan; Albania; Algeria; Armenia;
Azerbaijan; Bosnia and Herzegovina;
Bulgaria; Central African Republic; China;  |P. alexandri; P. ariasi; P. balcanicus ; P.
Croatia; Cyprus; Egypt; France; Gambig; chinensis ; P. duboscqi; P. galileus ; P.
Georgia; Greece; Iran; Iraqg; Israel; Italy; halepensis; P. kandelakii; P. kandelakii; P.
. Jordan; Kazakhstan; Kosovo; Kyrgyzstan; [langeroni; P. longicuspis; P. longiductus; |Canids; Cats; Lagomorphs; .
L. infantum . ) . o Zoonoti VL; CL; (ML
antu Lebanon; Libya; M acedonia; Malta; P. major s.1.; P. neglectus; P. perfiliewi s.I.; |Rodents oonotic CLML)
Mauritania; M onaco; M ontenegro; Morocco; | P. perniciosus; P. sichuanensis; P.
Oman; Pakistan; Palestine; Portugal; smirnovi; P. syriacus; P. tobbi; P.
Romania; Saudi Arabia; Senegal; Slovenia; transcaucasicus; P. turanicus; P. wui
Spain; Sudan; Syria; Tunisia; Turkey;
Turkmenistan; Ukraine; Uzbekistan; Yemen
Afghanistan; Algeria; Azerbaijan; Burkina
Faso; Cameroon; Chad; Egypt; Ethiopia;
G-eorg|a; Ga}mbla; Ghana; Guinea; Guinea- P. ansarii; P. bergeroti; P. caucasicus ; P.
Bissau; India; Iran; Iraq; Israel; Jordan; duboscai- P. mongolensis: P. papatasi- P
L. major Kazakhstan; Kenya; Kuwait; Libya; Mali; | -q . g o p p ** " |Rodents Zoonotic CL; (ML; VL)
L. . K perniciosus; P. salehi; S. darlingi; S.
M auritania; M ongolia; Morocco; Niger; arnhami
Nigeria; Oman; Pakistan; Palestine; Saudi g
Avrabia; Senegal; Sudan; Syria; Tunisia;
Turkmenistan; Uzbekistan; Yemen
L. aethiopica Ethiopia; Kenya SPérZCels]lgatus + P. longipes ; P. pedifer ; P. Hyraxes; Rodents Zoonotic CL; (ML)
Afghanistan; Algeria; Azerbaijan; Egypt;
Ethiopia; Greece; India; Iran; Iraq; Israel; . .
J(:r dzg'e:%;j::‘le_’ibydaivl (?ro’cczg;\lasn?ii)ia' P. aculeatus ; P. arabicus ; P. chabaudi; P.
L. tropica Pakistan: Palestine; Saudi Arabia; Sy ria; gr];;):ic?l;sz.felilgugg.st;ersg;; I;;t)frglcslio;:iss; P. [Humans; Hyraxes; Rodents; Dogs|Anthroponotic  [CL; (ML; VL)
Tunisia; Turkey; Turkmenistan; Uzbekistan T » F- sergentl;
Yemen
L. chancei Ghana Unknown Unknown Zoonotic** CL
L. martiniquensis Myanmar; Thailand S. barraudi; S. gemmea; Biting midges Rodents Zoonotic CL; VL; (ML)
L. orientalis Thailand S. barraudi; S. lyengari; Biting midges Unknown Zoonotic** CL; VL

*Clinical forms between brackets have rarely been reported; **Suspected.

Abbreviations: L., Leishmania; P., Phlebotomus; S., Sergentomyia ; s.1., sensu lato; CL, cutaneous leishmaniasis; ML, mucosal leishmaniasis; VL, visceral leishmaniasis.
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Table 3. Leishmaniasis in the New World: etiology, geographical distribution, vectors, reservoir
hosts, transmission type and clinical forms (adapted from (19,22,40,88,90,93-99)).

Geographical distribution

Prowen or suspected vector

Proven or suspected reserwir Transmission Clinical form*

Argentina; Bolivia; Brazil; Colombia; Costa - . .
Rica; El Salvador; Guatemala; Honduras; Lu. almerioi; Lu. cruzi; Lu. evansi; Lu.
L. infantum " ) ’ S ’ forattinii ; Lu. longipalpis s.1.; Lu. migonei; |Canids; Cats; Marsupials Zoonotic VL; (CL)
M exico; Nicaragua; Paraguay ; United States Lu. pseudolonginalpis: Lu. sallesi
of America; Venezuela P gipalpis; Lu.
Argentina; Bolivia; Brazil; Colombia; Costa [Lu. flaviscutellata ; Lu. longipalpis ; Lu.
L. amazonensis Rica; Ecuador; French Guiana; Peru; nuneztovari anglesi; Lu. olmeca nociva; [Marsupials; Rodents Zoonotic CL; (MCL; VL)
Suriname; Venezuela Lu. olmeca reducta ; Lu. youngi
L. ellisi United States of America Unknown Unknown Zoonotic** CL
Lu. anthophora ; Lu. ayacuchensis ; Lu.
. . . columbiana ; Lu. cruciata; Lu. diabolica;
Belize; Colombia; Costa Rica; Ecuador; Lu. flaviscutellata: Lu. midonei: Lu
L. mexicana Guatemala; M exico; United States of ) . » . migonet, LU. Dogs; Marsupials; Rodents Zoonotic CL
) olmeca bicolor; Lu. olmeca olmeca; Lu.
America; Venezuela R . .
ovallesi; Lu. panamensis; Lu. shannoni;
Lu. ylephiletor
L. venezuelensis Venezuela Lu. olmeca bicolor Cats Zoonotic CL
L. waltoni Dominican Republic Lu. christophei Unknown Zoonotic** CL
L . Brazil; Grenada; Martinique; United States . .
L. martiniquensis C ’ que, Unknown Rodents; Equids Zoonotic CL; VL
of America
Lu. ayrozai; Lu. carrerai; Lu. columbiana;
Lu. complexa; Lu. cruciata; Lu. edwardsi;
Lu. fischeri; Lu. gomezi; Lu. intermedia;
. . L . . |Lu. llanosmartinsi; Lu. migonei s.I.; Lu.
Argentina; Belize; Bolivia; Brazil; Colombia; L. . d i
. . neivai; Lu. nuneztovari anglesi; Lu. . .
A Costa Rica; Ecuador; French Guiana; . . . Dogs; Equids; Marsupials; .
L. braziliensis ) . ovallesi; Lu. panamensis; Lu. paraensis; Zoonotic CL; MCL
Guatemala; Honduras; Mexico; Nicaragua; i K . Rodents
Lu. pescei; Lu. pessoai; Lu. pia; Lu.
Panama; Paraguay ; Peru; Venezuela . L L
shawi; Lu. spinicrassa; Lu. tejadai; Lu.
townsendi; Lu. trinidadensis; Lu.
wellcomei; Lu. whitmani; Lu. ylephiletor;
Lu. youngi; Lu. yucumensis
. Lu. ayacuchensis ; Lu. maranonensis; Lu. . .
L. peruviana Peru ¥ - ' ' Dogs; Marsupials; Rodents Zoonotic CL
peruensis s.l.; Lu. verrucarum s.l.
Argentina; Bolivia; Brazil; Colombia; Lu. anduzei; Lu. ayacuchensis ; Lu.
L. guyanensis Ecuador; French Guiana; Guyana; Peru; longiflocosa ; Lu. migonei; Lu. shawi; Lu. [Edentats; Marsupials; Rodents  [Zoonotic CL; MCL
Suriname; Venezuela umbratilis ; Lu. whitmani
Lu. cruciata; Lu. edentula ; Lu. gomezi;
. Colombia; Costa Rica; Ecuador; Guatemala; |Lu. hartmanni; Lu. panamensis ; Lu. Dogs; Edentates; Marsupials; .
L. panamensis . L P . . % A P Zoonotic CL; (MCL)
Honduras; Nicaragua; Panama sanguinaria ; Lu. trapidoi; Lu. ylephiletor; |Procyonids; Rodents
Lu. yuilli
L. shawi Brazil Lu. whitmani Edentates; Primates; Procyonids [Zoonotic CL
. . Bolivia; Brazil; Ecuador; French Guiana; Lu. auraensis; Lu. nuneztovari anglesi; .
L. lainsoni _ ' ! ' e glest. Rodents Zoonotic CL
Peru; Suriname Lu. ubiquitalis
. . . Lu. amazonensis ; Lu. ayrozai; Lu. gomezi;
. Brazil; Colombia; Ecuador; French Guiana; . . . . .
L. naiffi . Lu. paraensis ; Lu. squamiventris; Lu. Armadillos; Edentates Zoonotic CL
Panama; Peru; Suriname .
tortura; Lu. trapidoi
L. lindenbergi Brazil Lu. antunesi Unknown Zoonotic** CL
.. . Lu. hartmanni; Lu. gomezi; Lu. .
E. colombiensis Colombia; Panama; Venezuela . Y K Edentates Zoonotic CL
panamensis; Lu. shannoni

*Clinical forms between brackets have rarely been reported; **Suspected.
Abbreviations: L., Leishmania; Lu, Lutzomyia ; s.l., sensu lato; CL, cutaneous leishmaniasis; MCL, mucocutaneous leishmaniasis; VL, visceral leishmaniasis.
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Leishmania infection in humans can be restricted to the skin and/or mucosa, presenting
as tegumentary leishmaniasis (cutaneous or mucosal, respectively), or it can disseminate
systemically, involving the reticuloendothelial system and causing visceral leishmaniasis
(90). These different presentations are mostly related to the infecting Leishmania species.
However, there is still not a complete understanding of why certain species spread
systemically, while others remain localized to the skin/mucosa, although the A2 gene family
(present as a functional gene among species causing VL) likely plays a crucial role in

visceralization (100).

Additionally, the outcome of infection by a Leishmania species is heterogenous and
can be seen as a spectrum of manifestations: at one extreme lie polyparasitic infections (e.g.,
diffuse CL or VL), in which a Th2-type immune response dominates, with relative anergy
and heavily parasitized macrophages. At the opposite end are oligoparasitic infections (such
as ML and latent VL), in which a Th1-type immune response is predominant, and amastigotes

are sparse (101,102).

Concerning viscerotropic species (belonging to the L. donovani complex - L. donovani
and L. infantum), the reasons why some individuals mount a protective response, leading to
asymptomatic/latent VL, while others develop the disease remain incompletely understood
(100). Both vector (103) and host related factors have been suggested as linked to disease
progression; host determinants include immunosuppression (such as HIV infection/AIDS)
(104), genetic factors (105) and poor nutritional status (106). Progression can occur years
after exposure and some individuals may develop subclinical presentations, with few/no
symptoms, isolated splenomegaly or isolated cytopenias before advancing to overt disease

or spontaneously resolving (107).
5.1. Asymptomatic infection

There is no universally accepted definition of asymptomatic (viscerotropic)
Leishmania infection (108). However, it is usually considered in people who do not have
symptoms associated with VL and who have one or more of the following: detection of
antibodies against Leishmania in serum; detection of Leishmania DNA in blood; positive

reaction (>5mm induration) in the leishmanin skin test (in which preparations made from
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killed promastigotes are injected intradermally, eliciting a delayed hypersensitivity reaction);

positive result in the soluble Leishmania antigen test (109).

There is growing recognition of asymptomatic infection occurring in endemic regions.
Depending on factors like geographical location, testing method, and the definition of
asymptomatic infection, prevalence ranges from 0.3% to 37%, with a latent to active VL ratio

between 4:1 and 50:1 (110).

In endemic regions in Europe, several studies have looked at asymptomatic infection,
mostly at regional level. These studies have been performed in blood donors (111), in
otherwise healthy volunteers, as well as in specific groups such as renal transplant recipients
(112) and PLWH (113). In general, these studies have shown prevalences between 0 and
10%, although marked regional differences were observed and, in similar populations,
distinct values were noted when using different techniques. In Portugal, only two studies
have been performed in humans in the AML (dog owners) (114) and the Beiras e Serra da

Estrela (blood donors) (115) regions, showing seroprevalences of 5% and 0%, respectively.

Most individuals with asymptomatic infection remain asymptomatic. However,
asymptomatic L. donovani infection has been associated with increased risk of progression
to VL, especially if this status is identified by serology with high titers in initial screening or
with seroconversion during follow-up, as has been demonstrated in studies in the Indian
subcontinent, where this species is endemic (116,117). In this region, it is estimated that 2 to
29% of individuals with asymptomatic infection progress to VL within up to three years
(118). No similar studies have been performed at a similar scale in the Mediterranean region,
where L. infantum is endemic and the demographic profile of symptomatic cases is different
from South Asia, representing mostly children and immunosuppressed patients (as opposed
to young healthy adults). However, in Brazil, where L. infantum is also endemic, longitudinal
studies in children have suggested progression to VL in around 11% of individuals within

three years after seroconversion (119).

Presently, there is not a sensitive way to predict which patients will progress to overt
disease and at what time, although some recent research, including whole-blood

transcriptomic, has been focused on identifying such blood molecular markers (120,121). It
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should be noted that the biological meaning of a positive serology is diverse: from past,
resolved infection; to latent infection; to active, subclinical or oligosymptomatic infection
(109). In areas where L. infantum is endemic, although immunosuppression has been
recognized as an important factor for symptomatic disease, there is currently no consensus
on screening of asymptomatic patients for Leishmania, for example in the setting of HIV
infection/AIDS (122) or prior to starting immunosuppressive therapy (123). When screening
is performed and asymptomatic infection is detected, only clinical surveillance is
recommended, since there is no evidence based on randomized trials for treatment of

asymptomatic infection (124).

Asymptomatic individuals could theoretically represent a threat to other humans and
animals as a source of viable parasites. Transmission could occur via blood derived products
or via organ or tissue transplantation (29). However, it has been suggested that transmission
is unlikely to occur when blood products are leucodepleted (125). As such, routine screening
of blood donors is not current practice in blood banks (126). Concerns regarding vectorial
transmission have led to xenodiagnostic studies, showing that asymptomatic individuals were
not infectious to sand flies, except when they presented some degree of immunosuppression
(127); as such, they could represent an additional reservoir host of the parasite in its life cycle,

and approach to these patients could have a role in controlling the disease in endemic settings.
5.2. Visceral leishmaniasis

VL is a systemic form that is usually caused by parasites taxonomically classified
within the L. donovani complex. The typical incubation period ranges from two to six months
(128). Symptoms usually manifest sub-acutely, with a gradual onset of malaise, fever, and
weight loss over the course of weeks/months. Splenomegaly and hepatomegaly are
commonly observed (128). Lymphadenopathy has been more commonly described in East
Africa (121)(129). Laboratory findings frequently observed in VL include pancytopenia,
elevated liver enzymes, polyclonal hypergammaglobulinemia, and mild renal impairment.
Advanced stages of VL are associated with marked cachexia, edema, ascites, bacterial
superinfections, and spontaneous bleeding from the skin/mucosae. If left untreated, VL is

generally fatal (128). In PLWH, VL is characteristically diagnosed when the CD4 cell count
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drops below 200 cells/mm? (130). Coinfection with VL and HIV is characterized by higher
rates of drug toxicity, lower cure rates, and increased relapse and mortality rates compared
to VL patients without HIV (131). Clinical manifestations in VL-HIV coinfection typically
mirror those of VL, although Leishmania parasites may invade various organs, including the
gastrointestinal tract and lungs, and patients often develop concurrent cutaneous or mucosal

involvement (132).

Diagnosing VL relies on various methods; direct visualization of the amastigote form
of the parasite by microscopy is the classical approach and is usually performed on bone
marrow or spleen samples obtained via biopsy or aspirate and stained with Giemsa, Wright-
Giemsa, or haematoxylin—eosin (128). These techniques demonstrate a global sensitivity
ranging from 53% to 86% (133) and 93% to 99% (134), for bone marrow or spleen samples,
respectively. Culture involves inoculating appropriate samples into vials containing suitable
culture media, such as Novy-McNeal-Nicolle or similar blood—agar-based media and should
be monitored weekly for up to four weeks post-inoculation, with a sensitivity of
approximately 60% to 85% (128). NAAT, such as Polymerase Chain Reaction (PCR)-based
detection of parasite DNA in clinical samples, are notably more sensitive than microscopy or
culture (sensitivity above 90%) (135); additionally, high sensitivity has been demonstrated
in less invasive samples like peripheral blood (136), especially in immunocompromised
patients. Furthermore, use of PCR, combined with other techniques such as Restriction
Fragment Length Polymorphism (RFLP) or sequencing, enables species identification.
Quantitative assessment of parasite DNA (using qPCR) in peripheral blood can be used to
measure the initial parasitic load and monitor treatment responses (rapid clearance of
Leishmania DNA during effective VL treatment); it can also serve as a predictive marker for
relapse risk post-treatment (137,138). Although serological tests to detect specific
antileishmanial antibodies exhibit high sensitivity in immunocompetent individuals (139),
their effectiveness may be limited in people with immunosuppressive conditions, such as
HIV infection/AIDS (140). Serological tests preferred for clinical diagnosis include the
immunofluorescence antibody test (IFAT), the enzyme-linked immunosorbent assay
(ELISA), and the immunochromatographic strip test utilizing rK39 antigen, a rapid

diagnostic tool. Present management guidelines in Europe (for immunocompetent
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individuals) recommend initial screening of clinically suspected cases with serological tests,

followed by confirmatory parasitology methods (141).

In Europe, the preferred treatment for VL is liposomal amphotericin B (LAmB),
recommended for both immunocompetent and immunocompromised patients. For
immunocompetent individuals, the typical dosage is 3—5 mg/kg per day administered
intravenously over a period of 3—6 days, with a total cumulative dose ranging from 18-21
mg/kg. For immunocompromised patients, the regimen involves a daily dose of 3—5 mg/kg
administered intravenously intermittently for 10 doses, totaling approximately 40 mg/kg
(141). Pentavalent antimonials, which have been the conventional treatment since the 1940s,
have been relegated in Europe to a secondary option by the WHO, due to their high toxicity,
in countries where formulations of amphotericin B are available/accessible (141). Clinical
resistance to antimonials in L. infantum in Europe is uncommon, unlike in L. donovani in the
Indian subcontinent (141). Miltefosine, the sole oral treatment option, has demonstrated
efficacy only in anecdotal reports and case series (142), lacking evidence from randomized
clinical trials. Resistance to miltefosine has been documented in certain cases of treatment
failure, through genetic markers (143). Other alternatives include parenteral administration
of paromomycin or pentamidine (141). In the Americas, where L. infantum is also endemic,
lipid formulations of amphotericin B are the preferred treatment for VL, according to regional

guidelines (144).

In areas where L. donovani is endemic, other treatment modalities have been studied
and proposed as recommended regimens. These include single dose LAmB (10 mg/kg) in the
Indian subcontinent (where L. donovani shows higher sensitivity to amphotericin B) (145)
and combination treatment with paromomycin and miltefosine in East Africa (where L.
donovani shows intrinsically higher resistance to antimonials and amphotericin B) (146).
Shorter LAmB regimens have not been adequately studied in the European region, although

case series suggest comparable outcomes in children (147).

For PLWH, combination therapy holds promise for enhancing treatment efficacy,
reducing toxicity, and minimizing the emergence of resistant parasites (148). Nevertheless,

there are no published clinical trials evaluating the efficacy of combination therapy in VL—
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HIV-coinfected patients in the WHO European Region. In the Indian subcontinent and in
East Africa, however, randomized clinical trials showing safety and efficacy of combination
treatment with LAmB and miltefosine (149,150) have resulted in the incorporation of this

regimen as first line for local treatment by the WHO (151).

Clinical cure is defined by the disappearance of signs/symptoms and the normalization
of laboratory parameters. Parasitological cure (complete eradication of parasites) is not an
endpoint of treatment; parasitological response, defined as the absence of detectable
Leishmania parasites through microscopy and/or NAAT of tissue samples, is not routinely
assessed in clinical practice, but can be useful in certain situations, such as non-improvement
and in immunosuppressed individuals (141). Serological tests are not suitable for immediate
assessment of treatment response due to the gradual decline in antibody levels over several

months (152).

Individuals with self-resolving infection or those who have undergone successful
treatment develop protective immune responses. However, the parasite persists, and disease
relapse can happen months-years later if the individual becomes immunocompromised (153).
Relapse is defined as the reappearance of clinical manifestations, along with parasitological
confirmation (141). Currently, there is insufficient data to establish definitive
recommendations for the management of relapsing patients. Treatment options may include
using an alternative drug, increasing the dose or duration of the same drug, or using a

combination therapy approach (141).

Patients coinfected with HIV are at a higher risk of relapse (154); therefore, secondary
prophylaxis and continuous monitoring are recommended until sustained immune
reconstitution is achieved (151). In this group, secondary prophylaxis has been proven
effective in reducing relapse rates (155) and LAmB (3-5mg/kg/dose every 3-4 weeks) is the
currently WHO recommended scheme in Europe and the Indian subcontinent (151), although
solid comparative data on different regimens and doses is not available. Discontinuation of
prophylaxis may be considered for coinfected patients who show no signs of active

Leishmania infection and have maintained CD4 cell counts above 200 cells/mm3 for at least
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six months while on ART (122). There is limited information available regarding

prophylactic measures for other immunocompromised patient populations (123).
5.3. Tegumentary leishmaniasis

Tegumentary leishmaniasis is a clinical form restricted to the skin and/or mucosae.
Numerous species have been identified as causative agents of tegumentary leishmaniasis,
with prominent ones including L. aethiopica, L. major, and L. tropica in the Old World, and

L. amazonensis, L. braziliensis, L. guyanensis, and L. mexicana in the New World (128).

CL is characterized by the emergence of skin lesions that typically either resolve on
their own or respond well to treatment, despite their potential disfiguring nature. The
incubation period for CL typically spans two to eight weeks (128). Skin lesions typically
evolve from a papular stage (an area of erythema at the sand fly bite site, gradually
developing into an inflammatory papule), advancing to a nodular stage (transitioning into an
indolent nodule or plaque, with the surface exhibiting fine, papery scales), then to an ulcer
stage (a shallow, painless ulcer with raised, indurated margins and central granulation tissue),
and eventually culminating in a scar (appearing white or pink and depressed - atrophic) (128).
The appearance of lesions can vary depending on the infecting Leishmania species. Localized
CL induced by L. infantum commonly presents as a solitary nodular lesion on the face,
although other body parts can be affected, and multiple lesions may emerge. Typically, these
lesions do not ulcerate. Clinical variability has been noted, including ulcerative lesions and

plaques (156,157).

Unusual forms of CL encompass: disseminated CL, characterized by more than 10
lesions in two or more non-contiguous body parts; diffuse CL, where nodules progressively
spread to affect nearly the entire cutaneous surface; and leishmaniasis recidivans (primarily
linked with L. tropica), marked by the appearance of characteristic papular lesions months to

years after clinical cure, typically in or around the scar of the previously healed lesion (128).

Mucocutaneous leishmaniasis (MCL) occurs when parasites spread to the nasal and/or
oropharyngeal mucosa from a primary cutaneous lesion. This condition is most frequently

observed in Bolivia, Brazil, and Peru, which collectively represent approximately 90% of
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cases (158). While mucosal lesions may manifest concurrently with the primary skin ulcer,
they more commonly become apparent several months to many years after the initial
cutaneous lesion has healed (159). Approximately 2% to 10% of individuals infected with L.
braziliensis develop mucosal involvement (160), although MCL has also been reported in
cases of L. panamensis (161) and, less frequently, L. guyanensis (162) infection. The nasal
mucosa is typically the initial site affected, with symptoms including nasal congestion,
difficulty breathing through the nose, and occasional bleeding, associated with erythema and
edema of the affected nasal mucosa. This progresses to ulceration of the septum, covered
with a mucopurulent exudate. In severe cases of MCL, there is often significant destruction
of the nasal septum, palate, lips, pharynx, and larynx, with lesions exhibiting a chronic and
progressive nature (128). Presently, there is no reliable method to predict the development of
mucosal involvement in individuals with a primary CL ulcer, although factors associated with

increased risk include large lesions (>4 cm?), comorbidities and immunological factors (160).

Mucosal leishmaniasis (ML) refers to localized Leishmania lesions occurring in the
nasal, oral, pharyngeal, or laryngeal mucosa without primary skin involvement (141). ML
has been increasingly recognized in individuals undergoing immunosuppressive therapies, or
as a result of secondary dissemination of VL in PLWH, although cases have also been
documented in immunocompetent individuals. L. infantum is the typical causative agent

(163,164).

Parasitological diagnosis of tegumentary leishmaniasis relies on the demonstration of
amastigotes in smears or promastigotes in cultures, or the detection of Leishmania DNA.
Sampling techniques include scraping, aspiration, tape stripping, and biopsy. Similar staining
techniques and culture media are employed as for VL (128). Sensitivity of microscopy and
culture techniques varies (40% to 90%), with PCR demonstrating higher sensitivity (96%)
(165). Positive cultures permit typing of the isolated agents, and DNA target sequences from
positive PCR specimens can be examined by RFLP or by direct sequencing for identification
of the agent at the species level, particularly crucial in cases of imported CL or MCL (165).
Serological methods are of limited utility due to low sensitivity and are not recommended

for laboratory diagnosis of CL (141).
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Treatment selection for CL generally depends on factors such as lesion size, number,
location, relevant pre-existing conditions including advanced age, comorbidities and immune
status, as well as the parasite species (141). Systemic treatment is usually recommended when
at least one of the following criteria are met: lesion size exceeding 4 cm, over four lesions
present, lesions located around orifices or close to small joints, presence of underlying
immunosuppressive conditions, or failure of previous treatment approaches. Recommended
systemic treatment options include pentavalent antimonials, miltefosine, fluconazole,
itraconazole, and LAmB. For mild disease, local treatment options include superficial
cryotherapy, intralesional antimonials, paromomycin-containing ointment, thermotherapy, or
combinations of these strategies (141). For MCL, treatment should be systemic and

antimonials are currently considered the first line approach (144).

6. Aim and scope

This doctoral project aimed to provide a wider picture of the current epidemiological
situation and burden of Leishmania infection in Portugal, through a One Health lens, by: (i)
assessing the prevalence of asymptomatic infection in blood donors in mainland Portugal,
(i1) characterizing the knowledge, perceptions and practices (KPP) of health students,
professionals and blood donors regarding leishmaniasis; and (iii) analyzing the
sociodemographic and clinical aspects of the VL, CL and ML cases diagnosed in hospitals

of the National Health Service in mainland Portugal, between 2010 and 2020.

For this purpose, three studies were conducted, as detailed on Table 4. The results of
these studies are presented and discussed in the following chapters. At the level of human
infection, data from symptomatic cases and asymptomatic infections were gathered. At the
level of reservoir hosts and arthropod vectors, data reflecting knowledge, perceptions and
practices were extracted from questionnaires directed to blood donors and health
professionals and students. Overlapping this information from different sources allowed to
draw conclusions, which could provide a solid base to define plans for managing

leishmaniasis in the following years.
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Table 4. Overview of the studies that composed this doctoral project

1 2 3
Asses the prevalence of
asymptomatic infection in blood Analyze the sociodemographic
donors in mainland Portugal. Characterize the KPP of health  [and clinical aspects of the VL, CL
Objectives . students and professionals in and ML cases diagnosed in
Characterize the KPP of blood Portugal regarding leishmaniasis  [hospitals of the NHS in mainland
donors in mainland Portugal Portugal, between 2010 and 2020
regarding leishmaniasis
Type of study |Cross-sectional study Cross-sectional study Observational retrospective study
Health students (Medicine,
Veterinary Medicine, Individuals diagnosed with
Target People who donate blood in Environmental Health) and leishmaniasis between 2010 and
population mainland Portugal professionals (physicians, 2020 in hospitals of the NHS in
veterinarians, environmental mainland Portugal

health technicians) in Portugal

> Collaboration was requested to
every hospital of the NHS in
Mainland Portugal;

> Proportional distribution b
P Y > All universities and professional |> Cases were screened through a

municipality;

Strategyfor  |> Random selection in 347 societies were Qont'act?d, . search of diagnostic dlschar'gf_e
: . . > In collaborating institutions, codes or by a search of positive
sampling (mobile and stationary) blood .
. . students/professionals were laboratory results
collection points of the IPST and L . . o .
reached via institutional email. for Leishmania infection;

the IHD (Alentejo and Algarve). > The DGS was contacted to

request access to notified cases of
VL between 2010 and 2020.

Timeframe of

. February-June 2022 July-December 2022 2021 to 2023
sampling
> Self-applied sociodemographic > Retrieval of sociod hi
Strategy for data |and KPP paper questionnaire; > Self-applied sociodemographic ¢ r.le'va ot soclo emogltap ¢
. . - . . . . and clinical data from medical
collection > Detection of antibodies against |[and KPP online questionnaire.

Leishmania in serum (ELISA). records.

486 individulas (254 students and [256 individuals

Sample size 8763 individuals 232 professionals) (221 VL, 43 CL, 7 ML cases)

> Descriptive statistics, hypothesis testing and logistic regression models performed using IBM® SP SS®
Statistics version 29.0;
> Confidence Intervals for proportions and crude and adjusted odds ratio were calculated;
> Geographical representation and analysis of results obtained using QGIS® Version 3.22

Analysis

> Estimated national true > 75% reported having heard of
seroprevalence of 4.8% (95% CI [both human and animal . . . .
. o > Significant increase in estimated
4.1-5.5%); leishmaniasis; . o .
L . national incidence in the years
> Seropositivity significantly > over 80% reported hearing

after 2016;

> Only 49.7% of incident VL
cases were reported;

> Most CL cases autochthonous
and around half were
immunosuppressed individuals.

higher in male sex, people older  [about the disease during their
Main results |than 25 years, or residing in the  |course work;

Centro region; > Median knowledge and

> Higher Knowledge score perception scores were higher
associated with age 25-40 years, |among professionals in the animal
female sex, ownership of dogs, and|health field and higher in

higher education. professionals than in students.

Chapters 2,4 3:4 5.6

Abbreviations: CI, confidence interval; CL, cutaneous leishmaniasis; DGS, Dire¢ao-Geral da Saude; ELISA, enzyme-linked immunosorbent assay;
IHD, Immuno-hemotherapy departments; IPST, Instituto Portugués do Sangue e da Transplantagdo; KPP, knowledge, perceptions and practices; 25
ML, mucosal leishmaniasis; NHS, National Health System; VL, visceral leishmaniasis.
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Abstract

Background. Asymptomatic infection is the most common outcome of exposure to
Leishmania parasites. In the Mediterranean region, where Leishmania infantum is endemic,
studies on the prevalence of asymptomatic infection have often relied on serological testing
in blood donors. In Spain, regional studies have shown seroprevalence in blood donors
between 1 and 8%; in Portugal, values of 0 and 2% were suggested by two localized studies,
in different populations. The purpose of this study was (i) to estimate the prevalence of
asymptomatic Leishmania infection in blood donors in mainland Portugal, and (ii) to study
the association between the detection of antibodies to Leishmania and sociodemographic
factors, and also the knowledge, perceptions and practices (KPP) of the blood donors

regarding leishmaniasis.

Methods. A cross-sectional study targeted the population of people who donated blood in
mainland Portugal. Participants, distributed proportionally by municipality and aged between
18 and 65 years, were selected randomly in 347 blood collection points between February
and June 2022, and completed a sociodemographic and a KPP questionnaire. Detection of
anti-Leishmania antibodies in serum was performed using an ELISA commercial kit.

Individual KPP scores were calculated by adding grades defined for each question.

Results. Globally, 201/3763 samples were positive. The estimated national true
seroprevalence was 4.8% (95% CI 4.1-5.5%). The proportion of positive results was
significantly different between NUTS (Nomenclature of Territorial Units for Statistics)
regions. Models suggested that seropositivity was significantly higher in male sex, people
older than 25 years, or residing in the Centro NUTS2 region, but not in dog owners nor people
with lower KPP scores. Overall, 72.3% of participants had previously heard of leishmaniasis
and, in multivariate analysis, a higher Knowledge score was associated with age 25—40 years,

female sex, ownership of dogs, and higher education.

Conclusions. Global estimated true seroprevalence (4.8%) was similar to previous regional
studies in blood donors in neighboring Spain. Higher seroprevalence values in the NUTS2
Centro region were consistent with incidence data from humans and seroprevalence studies

in dogs. On the other hand, the low values in the Alentejo and the high values in the northern
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subregions may be the result of geographical shifts in parasite circulation due to climate
change and should prompt localized and integrated, vector, canine, and human research,

following a One Health approach.

Keywords: Leishmania, Leishmaniasis, Asymptomatic, Seroprevalence, Blood donor,

Knowledge, Perceptions, Practices, Portugal, One Health

1. Background

Leishmaniases are a group of diseases caused by protozoa of the Leishmania genus,
transmitted by phlebotomine sand fly bites. In the Mediterranean region, the parasites are
maintained in a zoonotic cycle where dogs are the most important domestic reservoirs. In this
context, the endemic species causing most cases of visceral leishmaniasis (VL) is Leishmania
infantum [ 1, 2]. Systematic passive surveillance of VL cases in Portugal showed 6 to 14 cases
per year between 2014 and 2018 [3], although this likely represents significant
underreporting, as revealed in a previous study where only 38.6% of cases diagnosed in

hospitals were notified to central public health authorities [4].

Infection by species of the Leishmania donovani complex, including L. infantum, is
mostly recognized by its symptomatic presentations, of which VL is the most commonly
described, although cutaneous and mucosal involvement are increasingly reported, especially
in immunosuppressed individuals [5, 6]. However, many studies in L. donovani complex
endemic areas suggest asymptomatic infection is the most common outcome of exposure to
the parasite [7-9]. As for viscerotropic species, no single definition of asymptomatic
Leishmania infection is universally accepted, different criteria have been used in healthy
people (i.e., without signs/symptoms compatible with VL), namely detection of antibodies
against Leishmania, detection of Leishmania DNA in blood, or a reactive leishmanin skin

test or soluble Leishmania antigen test [10].

A systematic review included epidemiologic studies to identify and characterize

asymptomatic infected individuals, as an indicator of areas and social contexts where active
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circulation and exposure to the parasite occur [11]. In the Mediterranean region, where L.
infantum is endemic, several of these studies have been conducted not only in humans but
also in animals, especially dogs. Serological techniques were often used to identify
asymptomatic infection, and, in humans, target populations have frequently been blood
donors, due to ease of access to samples and a higher confidence of the asymptomatic status,
since blood donation is usually only permitted after strict symptom and behavior triage by
health professionals and exclusion of anemia. In Spain, seroprevalence studies among the
general population and blood donors have shown values between 1 and 8%, depending on
the region [9, 12]. Factors associated with higher asymptomatic prevalence included older
age, male sex, dog tutorship, contact with livestock (either at home or in the environment),

living in rural communities, and living in a detached house [9, 13].

In Portugal, asymptomatic Leishmania infection in humans was only addressed in two
studies, using serological testing, at a regional level and with a limited sample size. One of
them found no seropositive individuals among 229 blood donors living in the “Beiras e Serra
da Estrela” (BSE) NUTS3 (Nomenclature of Territorial Units for Statistics, from the French
Nomenclature des Unités territoriales statistiques) region [14] while in the other only 2/100
healthy dog owners were seropositive in the “Area Metropolitana de Lisboa” (AML) [15].
Contrastingly, the geographical patterns of Leishmania infection in dogs in Portugal have
been more extensively investigated. A recent nationwide study, involving 1860 dogs, showed
a national estimated true seroprevalence of 12.5%, varying between 0 and 30.5% among
districts [16] and revealed higher seroprevalence in some areas partially matching the known
classical distribution of most human (and animal) symptomatic cases, including the Douro,

Coimbra and Médio Tejo NUTS3 regions.

In spite of the wide distribution and significant burden on endemic populations of VL,
knowledge, perceptions, and practices (KPP) regarding this clinical form are not
homogeneous among countries and even different regions of the same country or different
sectors of the population [17-19]. However, few studies have sought associations between
KPP and asymptomatic infection. In Portugal, KPP studies have been directed to animal

owners and were not coupled with seroprevalence analysis [20, 21]. In these studies, 83-91%
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of the owners had heard of animal leishmaniasis, but only 38.6% of human leishmaniasis.
Hearing of leishmaniasis was significantly associated with non-rural areas and academic

degree.

Therefore, this study aimed to estimate the national prevalence of asymptomatic
Leishmania infection in blood donors and search for associations between the presence of
anti-Leishmania antibodies and several sociodemographic factors in this population, as well

as with the KPP of blood donors regarding leishmaniasis.

2. Population, materials, and methods
2.1. Study population and sample size calculation

This cross-sectional national study was carried out between February and June 2022 in
blood donors in mainland Portugal, which is in Southwest Europe, bordering Spain and the
Atlantic Ocean. According to the 2021 national census, the population of mainland Portugal
aged 15 to 64 years was 6,257,752 inhabitants [22]. Mainland Portugal is divided into five
NUTS2 regions, 23 NUTS3 regions (Additional file 1: Table S1), 278 municipalities
(“municipios”), and 2882 parishes (“freguesias”). To ensure a nationwide coverage of
sampling, this study was performed in collaboration with the Portuguese Institute of Blood
and Transplantation (IPST) and with the immunohemotherapy departments (IHDs) of five
hospital centers in the Alentejo and Algarve regions. The IPST and the IHDs perform regular
blood collections in fixed centers as well as in shifting stations in rural and urban areas. In
2021, over 190,000 blood donations were performed in these institutions. Individuals are
considered eligible for donation after a strict triage conducted by a trained health
professional, to exclude acute disease and several chronic conditions and risk behaviors.
Additionally, capillary hemoglobin levels are determined; men with less than 13.5 g/dl and

women with less than 12.5 g/dl are automatically excluded from donating.

Sample size was estimated using the Epitools© Epidemiological Calculators [23, 24].
At least 3200 individuals were needed to estimate a 95% confidence interval (CI) for

prevalence, considering an expected maximum global (national) seroprevalence of 9%
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(based on Spanish regional studies [9, 13, 25]) and a minimum sensitivity and specificity of
the serological test used of 85% and 90%, respectively, and considering a desired precision
of 0.02 to a 95% CI. Additionally, this sample size would allow the detection of small
differences in seroprevalence between NUTS3 regions, with a power of 95%, using a Chi-

square test.

Sampling was stratified by municipality: the number of participants enrolled from each
municipality was proportional to the fraction of the mainland population (aged 15—64 years)
living in that region, according to the most recent census data and assuming a similar
distribution for blood donors. For five NUTS3 regions in southern Portugal (Alto Alentejo,
Alentejo Central, Baixo Alentejo, Alentejo Litoral, and Algarve), where higher
seroprevalence was expected a priori (according to human incidence data derived from VL
cases reported to the National Surveillance System [3]), recruitment of additional participants
was planned in order to increase the precision of estimates, increasing the total sample size

to 3494.
2.2. Eligibility criteria

Individuals enrolled in this study presented to one of the institutions collaborating in
the study from February to June 2022 and were considered fit for blood donation. Only
individuals aged 18 to 65 years were included. Blood donation must have been completed,
including collection of a serum sample for routine serological testing (for the following
blood-borne pathogens: hepatitis B virus, hepatitis C virus, human immunodeficiency virus

[HIV], Treponema pallidum).
2.3. Data and sample collection

Participant enrollment was performed in non-randomly selected blood collection
sessions, to ensure a maximum number of municipalities were surveyed. In some
municipalities, more than one session was required to complete the calculated sample sizes,
and, in this case, different zones of the municipality were preferably surveyed. Blood
donation sessions exclusive to specific professional groups (such as police officers or

firefighters) were generally avoided. A fixed number of participants was set for each session
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(1 to 8). Blood donors were randomly invited to the study, according to hour of presentation
at the blood collection center/station—considering non-consecutive, pre-defined time slots.
This procedure differed in one center (in the Lisbon Metropolitan Area), due to logistic
reasons, where all donors in each session were invited consecutively, by order of arrival, until

the sample size for the municipality was fulfilled.

Recruitment was performed in both fixed donation centers and mobile stations, except
in the Algarve region. The participants were informed about the study and signed an informed
consent declaration. Each participant completed a self-administered structured paper
questionnaire about sociodemographic aspects and KPP regarding leishmaniasis (Additional
file 2: Fig. S1). This questionnaire was pretested in a convenience sample of 40 blood donors
from the Norte and AML regions. 1.5 ml of serum taken from the peripheral blood sample
collected for routine serological testing was sent to the Instituto de Higiene e Medicina

Tropical (IHMT) and stored at — 20 °C for the study.

Categorical variables extracted from the questionnaire were analyzed mostly using the
original categories provided as answer options, but regrouping was performed in some cases.
Classification of professions was performed using the European Skills, Competences, and
Occupations (ESCO) classification of occupations, developed by the European Commission
in 2010 [26]. NUTS regions, municipalities, parishes, and unions of parishes were defined
according to the most recent organizational definition, published in 2013 and implemented
in 2015. The order of presentation of NUTS2 and 3 regions in tables follows the numerical
and/or alphabetical order of their respective official codes. Classification of parishes as rural
or non-rural followed the Portuguese Rural Development Program 2014-2020 [27].
Leishmania donovani complex-endemic travel destinations included countries in Europe
where disease has been reported in most or all regions: Albania, Bulgaria, Cyprus, Greece,
Italy, Malta, and Spain [2]. And outside Europe, countries where over 200 cases of VL were
reported to the World Health Organization (WHO) in 2021 [28] include Brazil, Eritrea,
Ethiopia, India, Kenya, Nepal, Somalia, South Sudan, Sudan, and Yemen.
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2.4. Serological study

Antileishmanial antibody detection in each serum sample was performed using
enzyme-linked immunosorbent assay (ELISA) (Leishmania ELISA 1gG+IgM, Vircell®,
Spain), following the manufacturer’s instructions and cut-offs. These kits simultaneously
detect immunoglobulin M (IgM) and/or IgG antibodies against Leishmania; the wells of the
plate are coated with an unspecified L. infantum antigen. The sensitivity and specificity of
the ELISA, according to the manufacturer, are 97% and 99%, respectively. A single
determination was performed for each serum sample. Samples were classified as positive,
negative, or borderline (when optical density was less than 10% lower or higher than the
average value of the borderline controls). Participants from whom positive samples were
taken were considered to have been exposed to Leishmania—either past or current
asymptomatic infection. Positive or borderline results were tested by a second method (in-
house immunofluorescence antibody test [IFAT]) and, if these samples showed a titer of 1:64
or higher, participants were informed of the result (if they had expressed this wish in the

consent declaration).
2.5. Statistical analysis

True prevalence was estimated at the regional level considering only positive samples
and based on the following formula: true prevalence (TP) = (test prevalence — 1 +
specificity)/(sensitivity — 1 + specificity), considering the values provided by the
manufacturer. The corresponding 95% Cls were obtained using Wilson’s method on
Epitools© Epidemiological Calculators [23,29]. For finer detail geographical analysis (at
municipality or parish level), however, borderline samples were also considered, since it was

assumed they could represent some degree of exposure to the parasite.

Absolute and relative frequencies and hypothesis testing were performed using IBM®
SPSS® Statistics Version 29.0. Bar charts were built using Microsoft® Excel®.
Geographical representation and analysis of results were obtained using QGIS® Version
3.22. Answers to each KPP question were scored according to the criteria presented in
Additional file 3: Table S2. A total score was calculated for knowledge (K score), perceptions

(Per score), and practices (Pra score), by adding the individual scores of all the questions in
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each category. The range of possible values for each score was as follows: K 0—19; Per 0-6;

Pra 0-6.

Descriptive statistics were expressed as absolute frequencies and percentages for
categorical variables and as means with standard deviations or medians with interquartile
ranges (IQRs) for continuous variables (e.g., age, K, Per, and Pra scores). Comparisons
between groups were performed using the Pearson Chi-square test for categorical variables
(or Fisher’s exact in case of failure of the assumptions of the y2 test). For continuous
variables, after checking the assumptions of normality and homogeneity of the variances,
instead of t-test and analysis of variance (ANOVA), the Mann—Whitney U test or the
Kruskal-Wallis test were used, for comparing two or more independent groups, respectively.

A value of P < 0.05 was considered statistically significant.

Multivariate analyses were conducted to identify sociodemographic factors and KPP
associated with asymptomatic infection, and sociodemographic factors associated with
higher K, Per, or Pra scores. These analyses were performed through multiple binary logistic
regression models, analyzing variables with statistical meaning in the univariate analysis (P

< 0.05) and some biologically relevant or potentially confounding variables.

For those variables that remained significant, the crude odds ratio (OR) was updated to
adjusted odds ratio (aOR) with 95% CI. The Hosmer—Lemeshow test was used for assessing
goodness of fit in each multiple logistic regression model [30]. To determine potential risk
factors for positive ELISA results, only two groups were considered: positive and negative
samples (borderline samples were excluded). To determine factors associated with higher K,
Per, or Pra scores, donors were divided into two groups for each score: above the global
median score value, and equal to or below this value (K =7, Per =0, Pra =3.5). The reference
categories used for each independent variable are specified in each multivariate analysis

results table.

45



CHAPTER 2
Prevalence of asymptomatic Leishmania infection in blood donors in mainland Portugal

3. Results

In total, 3763 participants were included in this study. Participants were recruited in
636 blood collection sessions, in 347 different collection sites. The number of participants
recruited by NUTS2 region is presented in Fig. 1a, and the municipalities where at least 50%
of the calculated sample size was achieved are displayed in Fig. 1b. Missing municipalities
were concentrated in the eastern Algarve, Alto Alentejo, Coimbra, and Alto Minho NUTS3

regions.

Figure 1. a) Number of participants recruited by NUTS2 region (circle sizes are proportional to the
number of participants recruited); b) municipalities where at least 50% of the calculated sample size
was achieved
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Abbreviations: AML - Area Metropolitana de Lisboa; AMP - Area Metropolitana do Porto
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3.1. Sociodemographic characteristics

The median age was 41 years, with significant differences between NUTS2 regions
(older in the Alentejo and Algarve) (Table 1; more detailed information by NUTS3 region is
presented in the Additional file 4: Table S3). Participants were evenly distributed between
sexes globally and in most regions, except for the Alentejo and the Algarve, where male sex
was clearly predominant. Education level was significantly higher in the AML (Chi-square
test, x2 = 122.2, df [degrees of freedom] = 16, P < 0.001). Globally, 23.7% of participants
mentioned traveling or living abroad in the previous 2 years, mostly (58.6%) to at least one

of the L. donovani complex endemic countries listed in the “Materials and methods” section.

47



CHAPTER 2
Prevalence of asymptomatic Leishmania infection in blood donors in mainland Portugal

Table 1. Sociodemographic characteristics of the participants, globally and by NUTS (Nomenclature
of Territorial Units for Statistics) 2 region.

Global Norte Centro AML Alentejo | Algarve p-value
Total 100 34.1 20.4 26.7 12.3 6.4
(3763/3763) | (1285/3763) | (768/3763) | (1005/3763) | (463/3763) | (242/3763)
Median age (y) 41 39 41 42 43 43 <0.001*
(I0R) (31-48) (30-47) (29-48) (31-50) (34-50) (35:50) | (H=40.7,df-4)
49.8 47.6 48.2 477 59.4 57.1 <0.001*
Male sex (%) (1867/3749) | (609/1280) | (369/765) | (478/1003) | (274/461) | (137/240) | (r=273.df=4)
Education level 2
. 1.9 1.6 2.8 1.2 2.7 1.7
Basic (1-4) (69/3659) | (20/1240) | (21/749) | (12/983) | (12/451) (41236)
Basic (5-9) 16.8 20.7 16.3 10.8 20.0 16.9
(615/3659) | (257/1240) | (122/749) | (106/983) | (90/451) (40/236) .
Secondary (10-12) 44.1 435 43.9 39.4 51.9 517 | 2<:01-92021de
(1612/3650) | (540/1240) | (329/749) | (387/983) | (234/451) | (122/236) | 271
Bachelor's 25.8 22.9 27.6 32.3 19.3 20.3
(944/3659) | (284/1240) | (207/749) | (318/983) | (87/451) (48/236)
11.5 11.2 9.3 16.3 6.2 9.3
MSc/PhD (419/3659) | (139/1240) | (70/749) | (160/983) | (28/451) (22/236)
Occupation
Student 9.9 8.9 13.3 11.0 6.9 4.2
(295/2993) | (90/1015) | (84/630) (88/797) (25/361) (8/190)
3.4 4.3 3.3 3.3 1.1 3.2
Unemployed (101/2993) | (4411015) | (21/630) | (26/797) (4/361) (6/190)
84.9 85.4 80.6 83.3 88.9 90.0
Employed ® (2541/2993) | (867/1015) | (508/630) | (664/797) | (321/361) | (171/190)
prmed orces 0 22 15 2.8 2.1 2.8 4.1
(57/2541) | (13/867) (14/508) (14/664) (9/321) @171
Managers, professionals 46.0 42.7 43.1 59.8 35.5 34.5
and technicians (1-3) (1169/2541) | (370/867) | (219/508) | (397/664) | (114/321) | (59/171) <0.001*
Clerical support, serviceand | 30-4 29.3 28.3 25.0 38.6 49.7 L
sales (4-5) (773/2541) | (254/867) | (144/508) | (166/664) | (124/321) | (85/171)
Agriculture, craft, industry 21.3 26.5 25.8 13.1 23.1 11.7
and elementary (6-9) (542/2541) | (230/867) | (131/508) | (87/664) (74/321) (20/171)
Travel abroad
Yes (previous 2 years) 23.7 24.9 22.1 26.8 17.5 21.3 0.001*
(874/3689) | (310/1247) | (167/755) | (267/996) | (79/452) (51/239) | 2=179,df=4)
>1 Endemic country ¢ 58.6 52.3 54.4 54,7 76.0 55.3 0.015*
> untry
(450/768) | (162/310) | (81/149) | (129/236) (57/75) ©Q1U38) | G2=124,df=4)

2 Numbers in brackets refer to number of years completed of formal school education

® Numbers in brackets refer to the numbers of the categories in the classification of European Skills, Competences, and Occupations

¢ Albania, Brazil, Bulgaria, Cyprus, Eritrea, Ethiopia, Greece, India, Italy, Kenya, Malta, Nepal, Somalia, South Sudan, Spain, Sudan, Yemen
4 According to the results of the 2021 National Census

Abbreviations: AML - Area Metropolitana de Lisboa; y - years; IQR - Interquartile range; MSc - Master of Science; PhD - Doctor of Phylosophy
* Statistically significant
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3.2. Serological results

In total, 201 (5.3%) samples were positive by ELISA and 97 (2.6%) were borderline.
The distribution of positive results by NUTS2 and 3 regions is represented in Table 2.
Adjusted positivity rates considered slight deviations between the expected and the achieved

sample size by municipality. Figure 2 shows the distribution of true seroprevalence estimates

by NUTS3 region.

Table 2. Table 2 Distribution of positive results by NUTS (Nomenclature of Territorial Units for
Statistics) 2 and 3 region and estimated true prevalence.

Norte 149 1285 82 6.4 6.3 5.5 4.4-6.9
Alto Minho 12 72 6 8.3 8.5 7.8 3.6-16.0
Cévado 17 160 6 3.8 3.5 2.6 1.0-6.6
Ave 16 155 9 5.8 5.4 4.6 2.3-9.3
Area Metropolitana do Porto 60 591 44 7.4 7.4 6.6 4.9-8.9
Alto Tdmega 4 29 0 0.0 0.0 0.0 0-11.7
Tamega e Sousa 23 163 9 5.5 5.6 4.8 2.5-9.3
Douro 13 79 6 7.6 7.9 7.2 3.4-14.9
Terras de Tras-os-Montes 4 36 2 5.6 2.0 1.1 0.2-6.0

Centro 119 768 51 6.6 6.5 5.8 4.3-7.6
Oeste 12 145 8 5.5 4.9 4.1 1.9-8.6
Regido de Aveiro 19 146 12 8.2 7.7 6.9 3.8-12.3
Regido de Coimbra 21 114 7 6.1 6.1 5.3 2.5-11.1
Regido de Leiria 14 103 6 5.8 6.2 5.4 2.5-114
Viseu Déo-Lafbes 15 67 3 4.5 4.2 3.3 0.9-11.4
Beira Baixa 7 33 2 6.1 5.9 5.1 1.4-16.9
Médio Tejo 16 73 6 8.2 9.8 9.2 4.5-17.8
Beiras e Serra da Estrela 15 87 7 8.0 8.8 8.1 4.0-15.7

Area Metropolitana de Lisboa 25 1005 47 4.7 4.9 4.0 3.0-5.4

Alentejo 52 463 9 1.9 1.9 0.9 0.4-2.3
Alentejo Litoral 10 70 1 14 1.3 0.3 0.0-5.2
Baixo Alentejo 8 105 1 1.0 0.8 0.0 0.0-35
Leziria do Tejo 10 87 2 2.3 2.3 14 0.3-7.5
Alto Alentejo 9 57 1 1.8 1.4 0.5 0.0-6.3
Alentejo Central 15 144 4 2.8 2.7 1.8 0.6-5.1

Algarve 2 242 12 5.0 4.2 3.3 1.7-6.4

Total 347 3763 201 5.3 5.6 4.8 4.1-5.5
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Figure 2. Distribution of estimated true seroprevalence values (%) by NUTS3 region.
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Abbreviations: AML - Area Metropolitana de Lisboa; AMP - Area Metropolitana do Porto

Global estimated true seroprevalence was 4.8%. At the NUTS3 level, values ranged

from 0.0 to 9.2%, with the highest seroprevalence in the Médio Tejo, Alto Minho, and BSE

regions. There was a statistically significant difference in the proportion of positive results

between NUTS2 regions (Chi-square test, y2 = 17.7, df =4, P = 0.001), but this difference

was not significant between NUTS3 regions within the Norte, Centro, and Alentejo NUTS2

regions (P-values 0f 0.519, 0.949, and 0.896, respectively). To allow a more detailed analysis
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of the geographical distribution of possible exposure to Leishmania, the percentage of
positive or borderline samples was calculated by municipality and is presented in Fig. 3.
Municipalities where over 20 samples were collected (n = 53) with the highest percentages
(> 13%) were (by descending order) IThavo, Viana do Castelo, Oliveira de Azeméis, Penafiel,

Alcobaga, Alenquer, Moita, P6voa de Varzim, Vila Real, and Pacos de Ferreira.

Figure 3. Percentage of positive or borderline samples by municipality (natural breaks were used to
define categories).
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Abbreviations: AML - Area Metropolitana de Lisboa; AMP - Area Metropolitana do Porto
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To understand possible clustering of positive/borderline cases at a more local level,
percentage by parish is illustrated for the AML and “Area Metropolitana do Porto” (AMP)
NUTS3 region in Fig. 4. For other NUTS3 regions, geographical coverage to such a finer
detail was not possible; however, some groups of contiguous parishes represented a high
percentage of the total number of positive/borderline samples within their respective NUTS3

region (represented in yellow in Fig. 4).

Figure 4. Percentage of positive or borderline samples, in each parish of the “Area Metropolitana de
Lisboa” and “Area Metropolitana do Porto” regions (right) and in some selected groups of parishes

in other NUTS3 regions.
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3.3. Knowledge, perceptions, and practices

Answers to individual KPP questions are summarized in Table 3 (more detailed

information by NUTS3 region is presented in the Additional file 5: Table S4).
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Table 3. Answers to knowledge, perceptions, and practices questions, globally and by NUTS2 region.

53

Global (%) Norte (%) Centro (%) AML (%) | Alentejo (%) | Algarve (%) p-value |
3763 1284 769 1006 462 242
Sleered] @ (e 72.3 61.9 78.1 775 78.1 75.9 <0.001*
(2704/3740) (791/1277) (596/763) (777/1002) (357/457) (183/241) | (x2=103.9, df=4)
Source of information
Television 53.2 61.0 52.3 51.2 49.7 38.1
(1406/2643) (469/769) (307/587) (386/754) (175/352) (69/181)
| Veterinarian 48.1 39.5 48.9 52.0 52.8 57.5
(1273/2643) (304/769) (287/587) (392/754) (186/352) (104/181)
Cause |
Infectious 68.8 66.5 71.8 69.6 67.2 68.7 0.685 2
(1817/2640) (517/777) (416/579) (530/761) (231/344) (123/179) =5.1,df=4)
Route of transmission
DK/CR 19.5 21.0 18.0 19.3 20.7 15.8
(526/2704) (166/791) (107/596) (150/777) (74/357) (29/183)
Arthropod bite 88.2 88.3 89.8 86.8 86.9 91.6
(1922/2178) (552/625) (439/489) (544/627) (246/283) (141/154)
Knows Sand fly bite 185 12.7 13.7 15.9 11.8 6.4
(260/1922) (70/552) (60/439) (92/544) (29/246) (9/141)
Contact with animals 19.6 20.6 194 20.1 194 13.6
(426/2178) (129/625) (95/489) (126/627) (55/283) (21/154)
Affects animals 91.0 86.3 93.6 93.2 93.0 89.6 <0.001*
(2451/2693) (676/783) (557/595) (722/775) (332/357) (164/183) (2 =324, df=4)
Clinical signs in animals
DK/CR 46.5 49.4 44.2 48.8 43.4 38.4
(1139/2451) (334/676) (246/557) (352/722) (144/332) (63/164)
Weight loss 52.3 43.9 49.8 56.2 64.9 50.5
Knows (686/1312) (150/342) (155/311) (208/370) (122/188) (51/101)
Skin lesions 48.2 51.5 45.3 51.6 40.4 48.5
(633/1312) (176/342) (141/311) (191/370) (76/188) (49/101)
Treatable in animals 62.8 63.7 63.3 59.0 64.6 70.3 0.032* (o2
(1397/2226) (393/617) (317/501) (393/666) (192/297) (102/145) =104, df=4)
| Lethal in animals 72.1 62.3 74.5 74.4 75.4 84.3 <0.001*
(1487/2063) (336/539) (350/470) (472/634) (215/285) (113/134) (2 =40.1, df=4)
| Preventable in animals 78.0 74.8 77.9 78.1 80.1 86.0 0.057 o2
(1605/2059) (415/555) (363/466) (489/626) (221/276) (117/136) =9.2,df=4)
| Present in Portugal 86.1 82.2 86.2 87.8 88.1 90.2 0.010%* o2
9 (2081/2418) (544/662) (473/549) (628/715) (289/328) (148/164) =13.8, df=4)
Species affected
DK/CR 6.9 8.1 55 7.6 55 6.8
(144/2081) (44/543) (26/473) (48/628) (16/289) (10/148)
Dogs 97.4 97.6 96.6 97.6 96.7 100
Knows (1893/1937) (487/499) (432/447) (566/580) (264/273) (138/138)
Cats 32.6 43.1 333 28.8 26.0 21.7
(632/1937) (215/499) (149/447) (167/580) (71/273) (30/138)
Affected animals 11.6 6.4 12.2 14.0 135 15.8 <0.001*
close to household (240/2069) (34/534) (57/468) (88/630) (38/281) (23/146) (2 =22.4,df=4)
| Vaccine available 52.2 43.7 53.6 54.6 56.3 62.0 <0.001* o2
(1092/2090) (238/545) (253/472) (347/636) (161/286) (93/150) =25.3,df=4)
| Possible importation 61.6 58.9 61.5 64.6 58.5 65.2 0.174 2
P (1477/2399) (387/657) (334/543) (460/712) (189/323) (107/164) =7.0,df=4)
| Affects humans 53.8 56.4 51.9 51.6 56.7 51.6 0.333
(1433/2666) (438/776) (305/588) (396/767) (200/353) (94/182) (x2=6.0,df=4)
Organs affected
DK/CR 57.1 55.7 56.4 60.1 58.0 51.1
(818/1433) (244/438) (172/305) (238/396) (116/200) (48/94)
Skin 61.8 69.6 63.9 62.0 47.6 50.0
Knows (380/615) (135/194) (85/133) (98/158) (40/84) (23/46)
Liver/spleen 37.7 30.9 33.1 48.7 46.4 28.3
(232/615) (60/194) (44/133) (77/158) (39/84) (13/46)
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| : 55.6 59.6 56.8 52.2 53.2 53.3 0.652 o0
e I Iy (772/1388) | (251/421) | (168/296) | (206/395) | (99/186) (48/90) =5.4,df=4)
[ Lethal in humans 354 323 38.2 32.9 40.6 41.0 0.295
(438/1236) | (118/365) | (99/259) | (118/359) | (69/170) (34183) (2= 6.5, df=4)
| . 56.2 58.2 58.1 53.0 555 57.3 0.222
FIEVETIEL 1D WIS (705/1254) | (217/373) | (151/260) | (194/366) | (96/173) (47/82) (2= 6.7, df=4)
| . 787 776 84.6 745 78.7 83.0 0.042*
Pzt I PEIE (1135/1442) | (339/437) | (259/306) | (304/408) | (155/197) (78/94) (2 = 12.1, df=4)
[ bossible importation 70.2 721 72.9 68.2 66.8 68.1 0.450
P (1005/1432) | (313/434) | (223/306) | (274/402) | (131/196) (64/94) | (2=103.9, df=4)
Regular contact with wild animals Ci 2.6 59 30 8.1 56 <UL
(144/3387) | (30/1156) | (40/673) (28/925) (34/419) (12214) | (2 =32.1,df=4)
: o 705 70.0 777 63.6 74.1 736 | <0.001* o2
Figgl el BT i 80 Gl (2524/3578) | (848/1212) | (565/727) | (616/969) | (326/440) | (170/231) =447, df=4)
- " 242 197 284 231 304 278 <0.001*
Fizgl el s CUSEDTE TES (825/3409) | (220/1162) | (195/686) | (214/928) | (127/418) | (60/216) | (2=302,df=4)
; ; 237 129 25.2 23.0 45.0 386 <0.001*
S S e (848/3572) | (157/1213) | (184/730) | (221/962) | (198/440) | (88/228) | (x2=217.0,df=4)
: 48.1 463 57.6 395 55.4 502 | <0.001* o2
Dz BLuiEiEhlly (1775/3688) | (578/1248) | (433/752) | (394/997) | (251/453) | (119/237) = 67.6, df=4)
| Dog outdoors during nighttime 63.8 60.5 69.2 63.7 62.9 62.0 0.082
(1055/1653) | (321/531) | (277/400) | (239/375) | (151/240) | (67/108) | (2=8.3,df=4)
| o 82.2 80.7 83.2 86.2 80.9 76.2 0.096
i e L e (1320/1605) | (413/512) | (326/392) | (312/362) | (190/235) | (80/105) | (x2=7.9,df=4)
| spoton 55.0 60.0 58.0 51.0 458 55.0
P (726/1320) | (248/413) | (189/326) | (159/312) | (87/190) (44/80)
| Collar 40.9 32.0 40.5 49.0 479 40.0
(540/1320) | (132/413) | (132/326) | (153/312) | (91/190) (32/80)
[ Allvear round 62.8 63.2 50.5 66.7 58.9 67.5 0.090
Y (829/1320) | (261/413) | (194/326) | (208/312) | (112/190) (54/80) (2 =5.5, df=4)
| Regular veterinarian follow-up 90.6 89.3 87.9 95.1 88.9 953 0.002*
(1472/1625) | (466/522) | (348/396) | (349/367) | (209/235) | (101/106) | (x2=16.8,df=4)
| Use of vaccine against canine leishmaniasis 217 14.4 20.6 28.2 255 31.9 <0.001*
every year (385/1775) | (83/578) ©9/433) | (111/394) | (64/251) (38/119) | (=379, df=4)

Abbreviations: AML - Area Metropolitana de Lisboa; DK/CR - Don't Know/Can't remember

*Statistically significant

Globally, 72.3% of blood donors said they had previously heard of leishmaniasis,

varying significantly among NUTS2 regions (Chi-square test, y2 = 103.9, df =4, P <0.001)
(lower in the Norte region, also with marked intra-regional variations: from 58.1% in the Ave
to 81.0% in the Douro region). The most commonly reported sources of information about
leishmaniasis were television (53.2%) and conversation with a veterinarian (48.1%).
Television was reported as the predominant source in littoral NUTS3 regions of the Norte
and Centro, whereas conversation with a veterinarian clearly dominated in the Algarve. Other
sources are summarized in Additional file 7: Fig. S3a. Most people who admitted having
previously heard of leishmaniasis (68.8%) recognized the infectious cause of the disease, and
approximately 80% reported knowing the route of transmission: arthropod bite was most
commonly selected, but direct contact with animals was simultaneously or alternatively

selected in a significant proportion of cases (approximately 20%). Mosquitoes were the
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arthropods most commonly associated with transmission (only 13.5% of respondents
selected sand flies). Other routes of transmission are summarized in Additional file 7: Fig.
S3b. Understanding of routes of transmission was similar across different NUTS2 and
NUTS3 regions. Most donors who admitted having previously heard of leishmaniasis
(91.0%) recognized the disease affects animals, but only 53.8% admitted it could be a human
disease. Only around 55%/45% of donors admitted knowing signs or symptoms of disease in
animals/humans, respectively; in animals, weight loss (52.3%) and skin lesions (48.2%) were
the signs most often selected (with skin lesions favored in the Norte and weight loss in the
rest of the country); in humans, involvement of the skin was the most commonly recognized
presentation of disease (61.8%). Other signs/symptoms of disease reported are represented
in Additional file 7: Fig. S3c, d. Leishmaniasis was assumed as a lethal disease much more
commonly for animals (72.1%) than for humans (35.4%), although knowledge of lethality in
animals differed significantly among regions and was lower in the Norte (Chi-square test, ¥2
=40.1,df =4, P<0.001). The disease was generally reported as treatable and preventable
both in animals and in humans, but more donors admitted it could be prevented in animals
(78.0%) than in humans (56.2%). Only around 50% of donors recognized vaccination as a
possible prevention strategy in animals; knowledge regarding vaccination was significantly
higher in the Algarve and lower in the Norte region (Chi-square test, 2 = 25.3, df =4, P <
0.001). Disease was considered endemic in Portugal in animals (86.1%) or in humans
(78.7%) by most donors who were aware these groups could be affected. In Portugal, dogs
were almost universally pointed as the animals affected by leishmaniasis (97.4%), followed
by cats (32.6%). Among participants who knew the disease was endemic in animals in
Portugal, 11.6% assumed there were or had been diseased animals in the household or nearby.
This percentage was significantly different between NUTS3 regions (Chi-square test, 2 =
22.4,df=4, P<0.001), ranging from 1.8% (Ave) to 31.6% (Alto Tamega), as shown in Fig.
5. Only four donors stated they knew people with leishmaniasis nearby: three in the AML

and one in the Alto Alentejo.

55



CHAPTER 2
Prevalence of asymptomatic Leishmania infection in blood donors in mainland Portugal

Figure 5. Percentage of donors reporting knowing animals with leishmaniasis in the household or
nearby, by NUTS3 region.
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Concerning practices, contact with domestic animals was commonly reported (70.5%)
and almost half the donors were dog owners, being both significantly more common in the
Centro and Alentejo regions. Regular follow-up of dogs (at least once a year) by a
veterinarian was indicated by 90.6% of owners (higher in the Algarve and the AML, Chi-
square test, y2 = 16.8, df =4, P =0.002) but only 21.7% reported yearly vaccination of dogs

against leishmaniasis. Vaccine uptake differed significantly between regions (higher in the
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Algarve and the AML regions, Chi-square test, 2 = 37.9, df =4, P < 0.001). Over 80% of
owners mentioned applying arthropod repellents or insecticides in the dog(s) and no
statistically significant difference was found across NUTS2 regions (Chi-square test, y2 =
7.9, df =4, P=0.096); spot-on was the most commonly identified (globally, 55.0%—and in
every NUTS2 region, except for the Alentejo), followed by collar (40.9%); other types of
applications are presented in Additional file 7: Fig. S3e. Use of these products all year round
was reportedly common practice (62.8%) in all NUTS2 regions (Chi-square test, y2 = 5.5, df
=4, P =0.090). Regarding protection measures, 23.7% of donors reported having nets in
some or all the windows/doors of their household—this practice was significantly more
common in the Alentejo and the Algarve regions (Chi-square test, y2 = 217.0, df =4, P <
0.001). Practice of outdoor activities between dusk and dawn, on the other hand, was reported
by 24.2% and less common in the Norte and AML regions (Chi-square test, 2 = 30.2, df =
4, P <0.001). Regarding perceptions, classification of risk of leishmaniasis for animals was
significantly different between donors of different NUTS2 regions (Chi-square test, ¥2 =
38.4,df =12, P <0.001)—the Algarve was the region where “high” and “medium” risk were
selected in the highest percentages, as presented in Fig. 6. Median values for individual K
and Pra scores and mean values for individual Per score by NUTS2 and NUTS3 regions are
presented in Table 4 and Fig. 7, respectively. The mean value was used to summarize the Per

score by region since the median value was 0 in all but four NUTS3 regions.

Table 4. Distribution of knowledge (K), perceptions (Per), and practices (Pra) scores globally and by
NUTS?2 region.

Global Norte Centro AML | Alentejo | Algarve p-value
m_ 3763 | 1285 | 768 | 1005 | 463 242

K score - median 7 4.5 8 8 8 7.6 <0.001*
(IQR) (0-10.75) | (0-9.25) | (2-11.25) | (1-11) (1-11) | (1-11.31) | (H=1155,df=4)
Per score - mean 0.78 0.55 0.93 0.84 0.95 0.98 <0.001*
(£SD) 0-1.92) | (0-152) | (0-2.18) | (0-1.97) | (0-2.18) | (0-2.24) | (H=86.6,df=4)
Pra score - median 35 35 3.25 4 3.5 3.62 <0.001*
(IQR) (2.545) | (2545 | (2.44-4) (3-5) (2.5-45) | (2.75-45) | (H=642.df=4)

Abbreviations: AML - Area Metropolitana de Lisboa; K - Knowledge; Per - Perceptions; Pra - Practices; IQR - Interquartile Range; SD - Standard Deviation

*Statistically significant
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Figure 6. Perception of risk of leishmaniasis for animals in the region, according to NUTS2 region
of residence.
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Figure 7. Distribution by NUTS3 region of: a) knowledge score (median), b) perceptions score
(mean), c) practices score (median) (natural breaks were used to define categories).
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The median K score was lowest in the Norte region, especially in the coastal NUTS3
regions. Higher median K scores were obtained in the Centro and Alentejo regions, especially
in the following NUTS3 regions (by descending order): Beira Baixa, Alto Alentejo, Médio
Tejo, Alentejo Central, BSE, and Viseu Dao-Lafoes. Higher mean Per scores largely
overlapped with higher median K scores. On the other hand, median Pra scores were highest
in the AML, Beira Baixa, and AMP, and lowest in the BSE, Viseu Dao-Lafoes, Aveiro, Oeste,
and Alto Minho regions. The distribution of individual K, Per, and Pra scores is represented

in Additional file 6: Fig. S2.

3.4. Associations between sociodemographic, knowledge, perceptions, and practices

variables and asymptomatic infection

In univariate analysis, residing in the Centro region (considering the Alentejo as a
reference category), male sex, not having previously heard of leishmaniasis, lower K score,
and lower Per score were significantly associated with a positive serological result (Table 5).
Higher seropositivity rates were also associated with those aged over 25 years; military,
agriculture, and industry workers; and absence of mosquito nets in windows/doors, although
these did not reach statistical significance. In multivariate analysis, factors associated with
positive serological result were male sex (OR 1.75, 95% CI 1.30-2.38, P < 0.001), residing
in the Centro region (OR 1.43, 95% CI 1.02-2.00, P = 0.039), and age over 25 years (OR
1.79, 95% CI 1.07-2.97, P = 0.026) (Table 6).
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Table 5. Distribution of participants and positive serological results by category, for
sociodemographic and knowledge, perceptions, and practices variables.

Seropositive

Variables Categories Sgi/anI f . donors,
0 % (n)
49.8 7.1
Sex Male (1822/3655) (129/1822) <0.001*
Female 50.2 3.9 (2 =175, df=1)
(1833/3665) (72/1833)
14.4 3.3
18-25 (513/3567) (17/513)
20.6 5.6
26-35 (734/3567) (41/734)
. 30.2 5.8 0.127
Age (y) 36-45 (1077/3567) (62/1077) (2 =71, df=4)
24.6 6.6
46-55 (876/3567) (58/876)
10.3 6.3
56-65 (367/3567) (23/367)
» 1.9 10.3
(68/3565) (7/68)
oo 16.8 5.7
(598/3565) (34/598)
S i 44.0 5.4 0.258
Level of education 10-12 (1570/3565) (85/1570) (FET=53)
. 25.8 5.9
Bachelor's (920/3565) (54/920)
11.5 3.9
MSc/PhD (409/3565) (16/409)
9.6 3.2
Student (279/2906) (9/279)
. 1.9 7.1
Retired (56/2906) (4/56)
34 8.0
Unemployed | 1 50/2906) (8/100)
s b 1.9 8.9
Occupation 0 (56/2906) (5/56)
L3 30.4 5.2
(1144/2906) (60/1144) 0.173
e 25.7 48 (12= 44, df=3)
(747/2906) (36/747)
oo 18.0 7.1
(524/2906) (37/524)
58.6 5.2
Tra_vel abroad to Yes (439/749 (23/439) 0.739
endemic country ¢ (<2y _ _
previously) No 41.4 5.8 02 =0.11.df=1)
(310/749) (18/310)
58.3 55
Type of parish of Non-rural (2133/3661) (118/2133) 0.903
residence Rural 41.7 54 (2 = 0.02, df=1)
(1528/3661) (83/1528)
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Yes 72.4 49
Heard of (2638/3643) (130/2638) 0.037*
leishmaniasis 27.6 6.7 (2 =43, df=1)
No/DK/CR (1005/3643) (67/1005)
Yes 11.7 4.7
Animals affected by (235/2017) (11/235) 0.878
leishmaniasis nearby 88.3 4.9 (2 =0.02, df=1)
No/DK/CR (1782/2017) (87/1782)
_ Ves 70.5 5.2
Regular contact with (2457/3486) (127/2457) 0.419
domestic animals No 29.5 5.8 (2 =0.63, df=1)
(1029/3486) (60/1029)
_ Yes 4.2 2.9
Regular contact with (139/3301) (4/139) 0.180
wild animals No 95.8 5.4 (2 =1.7,df=1)
(3162/3301) (172/3162)
. 24.1 5.4
Practice of outdoor es (801/3321) (43/801) 0.921
activities during 759 54 (2 =001 df=1)
nighttime No (2520/3321) (137/2520)
23.8 4.3
Use of nets in Yes (alllsome) | oa0raas1) (36/830) 0.138
windows/doors None 76.2 5.7 (2 =22,df=1)
(2651/3481) (150/2651)
Yes 48.1 55
. (1727/3590) (95/1727) 0.937
Ownership of dog(s) " 519 54 (2 =001, df=1)
(1863/3590) (101/1863)
- 50.7 6.4
- (1858/3664) (118/1858) 0.012*
K score ~ 493 45 (2 =6.2,df=1)
(1806/3664) (81/1806)
1 59.7 6.3
(2186/3664) (137/2186) 0.006*
Per score .y 403 4.2 (2 =74, df=1)
- (1478/3664) (62/1478)
35 52.0 2.5
- (1901/3664) (104/1901) 0.937
Pra score a5 48.0 5.4 (2= 001, df=1)
' (1763/3664) (95/1763)

@ Categories refer to number of years completed of formal school education
b Category numbers refer to the numbers of the categories in the classification of European Skills, Competences, and Occupations
¢ Albania, Brazil, Bulgaria, Cyprus, Eritrea, Ethiopia, Greece, India, Italy, Kenya, Malta, Nepal, Somalia, South Sudan, Spain, Sudan, Yemen

Abbreviations: K - Knowledge; Per - Perceptions; Pra - Practices; y - years; MSc - Master of Science; PhD - Doctor of Phylosophy;
DKI/CR - Don't Know/Can't Remember
*Statistically significant
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Table 6. Potential risk factors for asymptomatic Leishmania infection, according to logistic regression

models to estimate crude and adjusted odds ratio values.

OIS aeto % in Sample Crude OR 95% Cl Adjusted OR 95% ClI p-value
Older than 25y 85.6 1.88 1.13-3.12 1.79 1.07-2.97 0.026*
Male sex 49.9 1.85 1.39-2.50 1.75 1.30-2.38 <0.001*

Residing in Centro 20.4 1.37 0.99-1.91 1.43 1.02-2.00 0.039*

Not heard of leishmaniasis 27.6 1.39 1.02-1.89 1.09 0.66-1.82 0.737

K score <7 50.7 1.39 1.04-1.85 1.14 0.68-1.89 0.621

Per score <1 59.6 1.56 1.09-2.27 141 0.93-2.13 0.097
Constant 0.072 <0.001

Hosmer and Lemeshow Test Sig.=0.936

Abbreviations: y - years; K - Knowledge; Per - Perceptions; OR - odds ratio; Cl - confidence interval

*Statistically significant

3.5. Associations between sociodemographic variables and knowledge, perceptions, and

practices

Univariate analysis of sociodemographic variables associated with higher than median
K, Per, or Pra score is listed in Additional file 8: Table S5. In multivariate analysis, variables
associated with above median K score were female sex (OR 1.23, 95% CI 1.05-1.43, P =
0.010), age between 25 and 40 years (OR 1.23, 95% CI 1.04-1.44, P = 0.013), residing
outside the Norte region (OR 1.85, 95% CI 1.56-2.17, P < 0.001), ownership of dogs (OR
2.03, 95% CI 1.74-2.38, P < 0.001), higher education (OR 1.85, 95% CI 1.54-2.24, P <
0.001) and working as a military, manager, professional or technician (OR 1.44, 95% CI
1.20-1.73, P <0.001). Factors associated with above median Per score were above median
K score (OR 25.66, 95% CI 20.57-32.02, P < 0.001), residing outside the Norte region (OR
1.41, 95% CI 1.14-1.72, P = 0.002) and ownership of dogs (OR 1.37, 95% CI 1.12-1.67, P
= 0.002). Lastly, even though the multivariate logistic model for Pra score was not
statistically satisfactory (HL: P < 0.05), suggested factors associated with above median Pra
score as follows: lower than median Per score (OR 1.35, 95% CI 1.16-1.59, P < 0.001),
residing outside the Centro region (OR 1.52, 95% CI 1.25-1.85, P < 0.001), in a non-rural
parish (OR 1.64, 95% CI 1.41-1.92, P < 0.001), and working as a military, manager,
professional or technician (OR 1.29, 95% CI 1.08-1.55, P = 0.005) (Table 7).
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Table 7. Potential factors for above median K, Per, or Pra score, according to logistic regression
models to estimate crude and adjusted odds ratio values.

DICTIHE atto % in Sample | Crude OR 95% ClI Adjusted OR 95% ClI p-value
Age 25-40y 35.7 1.32 1.15-151 1.23 1.04-1.44 0.013*
Female sex 50.2 1.27 1.12-1.44 1.23 1.05-1.43 0.010*
K >7 Residing outside Norte 65.9 1.96 1.69-2.22 1.85 1.56-2.17 <0.001*
Ownership of dogs 48.1 1.89 1.66-2.15 2.03 1.74-2.38 <0.001*
Higher education @ 37.3 2.19 1.91-251 1.85 1.54-2.24 <0.001*
Profession group 0-3 ° 41.0 1.95 1.68-2.26 1.44 1.20-1.73 <0.001*
Constant 0.510 <0.001
Hosmer and Lemeshow Test Sig.=0.568
DICTIIE acto % in Sample | Crude OR 95% ClI Adjusted OR 95% ClI p-value
Age 25-40 35.7 1.30 1.13-1.49 1.18 0.97-1.45 0.106
Female sex 50.2 1.22 1.07-1.39 0.98 0.81-1.20 0.865
Residing outside Norte 65.9 1.89 1.64-2.17 1.41 1.14-1.72 0.002*
Per >1 Ownership of dogs 48.1 1.88 1.65-2.15 1.37 1.12-1.67 0.002*
Higher education 2 37.3 1.80 1.57-2.07 1.13 0.89-1.43 0.328
Profession group 0-3 ° 41.0 151 1.30-1.75 0.88 0.70-1.12 0.297
K score >7 49.3 3134 25.81-38.06 25.66 20.57-32.02 <0.001*
Constant 0.093 <0.001
Hosmer and Lemeshow Test Sig.=0.379
DI Ao % in Sample | Crude OR 95% Cl Adjusted OR 95% Cl p-value
Age 25-40 35.7 1.03 0.90-1.17 0.89 0.76-1.04 0.153
Female sex 50.2 1.06 0.93-1.20 1.07 0.92-1.24 0.379
Residing outside Centro 79.6 1.72 1.47-2.04 1.52 1.25-1.85 <0.001*
Pra >3.5 Non-rural parish 58.0 1.72 1.52-1.96 1.64 1.41-1.92 <0.001*
Higher education @ 37.3 1.40 1.22-1.60 117 0.97-1.41 0.094
Profession group 0-3 ° 41.0 1.44 1.25-1.67 1.29 1.08-1.55 0.005*
Per score <1 59.8 1.23 1.09-1.41 1.35 1.16-1.59 <0.001*
Constant 1.244 0.007
Hosmer and Lemeshow Test Sig.=0.039

& Completed bachelor's degree or above

b Categories 0-3 in the classification of European Skills, Competences, and Occupations: armed forces, managers, professionals, techinicians
Abbreviations: y - years; K - Knowledge; Per - Perceptions; Pra - Practices; OR - odds ratio; Cl - confidence interval

*Statistically significant

4. Discussion

This study represents the first nationwide Leishmania human seroprevalence study in
Portugal. National true seroprevalence was estimated at 4.8%, with regional values ranging
from 0.0 to 9.2%. Previous small, regional studies (AML and BSE regions) have shown
seroprevalence of 0.0-2.0% in asymptomatic individuals [14, 15]. These studies not only
used different serological techniques (IFAT and Direct Agglutination Test [DAT],

respectively), but also analyzed different populations (dog owners and outpatients in a
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tertiary hospital, respectively). In neighboring Spain, regional seroprevalence studies in
blood donors have shown values between 1.3 and 7.9% [9, 12, 31-34]. The range of values
of true seroprevalence estimated in the present study was similar to these Spanish studies.
Studies in the general population of other Mediterranean countries have reported similar
findings in Italy [35, 36] and Greece [37], although in some regions of Italy [38] and Croatia
[39] seroprevalence exceeded 10%. Of note, studies in which each blood sample was
simultaneously tested for the presence of anti-Leishmania antibodies and Leishmania nucleic
acids generally showed low agreement between test results [9]. This raises the question of
the biological meaning of the detection of antibodies against Leishmania, probably
representing very diverse infection status, from previous exposure and elimination of the
parasite to latency with undetectability of DNA in peripheral cells and to active replication
at low, non-symptom-inducing levels. Large prospective studies in South Asia found no
increased risk of progression to disease in asymptomatic seropositive people in general,
except when baseline titers were very high or when seroconversion was recent (documented
during follow-up) [40]. The absence of clear markers of progression to disease implies a
currently limited clinical value of individually testing asymptomatic people, although doing
so before programmed start of immunosuppressive therapy could lead to increased clinical
and analytical monitoring of positive patients and thus to earlier diagnosis and treatment in
case of progression to overt disease. In this sense, the results of the present study could
indicate a possible role of screening patients living in areas where exposure is expected to be
higher, such as the Médio Tejo and BSE regions. Another question raised is the potential of
transmission of Leishmania by asymptomatic infected individuals, by blood donation; even
though viable parasites and Leishmania DNA have been identified in donated blood, the risk
of transmission has been considered absent or extremely low, when leucodepletion of donated
blood is performed, as is current practice in Portugal [41, 42]. However, no single test has
been suggested as a standard or defining the asymptomatic status and some authors would
recommend combining serology and polymerase chain reaction (PCR) [10]. Even so, the
several serological tests available were developed for diagnosing VL and often produce
conflicting results in asymptomatic people [43, 44]. In the present study, only one serological

test was used systematically, for all samples, and only one sample was tested per participant;
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the 298 positive or borderline samples were tested simultaneously by IFAT and only one was
considered positive by both techniques, although 117 had detectable antibodies but bellow
cutoff for positivity (titers from 8 to 32), suggesting possible low-level exposure to
Leishmania. These results were not used for statistical analysis, since no ELISA-negative
samples were simultaneously tested by IFAT. It is worth mentioning that it was assumed the
specificity of the ELISA kits used was 99% as reported by the manufacturer. Additional
comparative studies showed specificity > 98% of this test for diagnosing VL in the
Mediterranean setting [45, 46], but it is likely that specificity for asymptomatic infection
could not be directly extrapolated. Despite the many caveats for the use of serology for
individual determination of asymptomatic infection status, the detection of antibodies to the
parasite can be relevant from a public health perspective, especially when comparing the
findings between different regions and by crossing the results with distribution of human VL
cases and evidence from Leishmania in mammal hosts and vectors, following a One Health
approach [25]. In Portugal, data on human cases drawn from public health surveillance in the
period from 2013 to 2018, inclusively [3, 47], show that the NUTS3 regions with the highest
incidence of VL cases (over 0.1/100000/year) were (in decreasing order) Alto Tamega
(0.396), Algarve, Alto Alentejo, Baixo Alentejo, Viseu Dao-Lafoes, BSE, and Médio Tejo
(0.146). No cases were detected in the following regions: Aveiro, Leiria, Oeste, Ave, Cavado,
and Alentejo Litoral. However, data gathered via this passive surveillance system is probably
incomplete, as suggested by a study of a previous period (1999-2009), where only 38.6% of
cases diagnosed in hospitals were reported to the national surveillance system [4].
Additionally, it is likely that differences in incidence also represent a nonhomogeneous
underreporting across regions, especially considering that leishmaniasis is a rare disease in
Portugal, and in lesser populated regions, one additional case can represent an important
increase in incidence. In the study focusing on 1999-2009, the highest incidence, based on
hospital records, was described in the following regions: Douro, Baixo Alentejo, Médio Tejo,
AML, BSE, Coimbra, and Viseu Dao-LafGes. All in all, this evidence suggests that Médio
Tejo and BSE are among the regions of highest incidence, and these were among the regions
with the highest seroprevalence in the present study. In the Algarve region, an increasing

trend in incidence is suggested, especially considering most human cases between 2013 and
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2018 (70%) were reported to public health surveillance in 2017 and 2018 [3]. In the present
study, seroprevalence in the Algarve region was intermediate, but the eastern half of the
region was not sampled, and, in the western part, sampling was based exclusively on a single
central collection point. Although the suburban areas of Lisboa are classically considered
endemic foci of leishmaniasis [48], the present study revealed intermediate seroprevalence
in the AML. It is important to note, however, that incidence is related not only to exposure to
Leishmania, but also to the presence of risk factors for progression to disease, which include
immunosuppression, such as HIV infection. The two regions with higher incidence of HIV
infection in most years between 2009 and 2018 were the AML and the Algarve [49], which
could help explain the discrepancy between incidence of VL and Leishmania seroprevalence,

compared to other regions of the country.

In the Alentejo region, seroprevalence was low in all NUTS3 regions, in contrast to
human incidence data and canine seroprevalence studies for the Alto and Baixo Alentejo [16,
50]. One possible explanation is that in Alto Alentejo, approximately half the municipalities
were insufficiently or not at all sampled, possibly including the ones where previous human
cases have been detected. In the Baixo Alentejo region, sampling was based mostly on a
single central collection point, meaning in some municipalities only a minority of parishes
were sampled. On the other hand, in the Alto Minho and Aveiro regions, human VL cases
diagnosed have been very scarce [4] and canine seroprevalence is consistently lower [16, 50]
but human seroprevalence was among the highest. In these regions, a significant proportion
of positive or borderline individuals were residents in one or a few groupings of a small
number of contiguous parishes, possibly highlighting the very localized nature of Leishmania
circulation, related to the limited mobility of the vector. This was probably also the case for
the Ave, Leiria, and Oeste regions (Fig. 4). However, as internal travel within Portugal was
not assessed in the present study, it cannot be ruled out that a seropositive result could be
related to exposure in other parts of the country. In any case, these results raise the possibility
of new foci of exposure to Leishmania in coastal and northern areas of Portugal (i.e., {lhavo,
Ovar, and Viana do Castelo) as a consequence of the expansion of the parasite due to global
warming, as described in northwestern Spanish provinces previously considered non-

endemic for leishmaniasis. However, autochthonous cases were first reported in the 1990s
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and since then several studies have detected seropositive dogs in the region [51-53]. In
Portugal, two nationwide canine surveys performed 12 years apart, seroprevalence increased
globally and in most regions; interestingly, some districts in the northern region showed
marked (about three times) increases such as Porto (from 3.2% in 2009 to 9.2% in 2021) and
Braga (from 2.1% in 2009 to 6.9% in 2021). In the present study, potential factors associated
with seropositivity in multivariate analysis were male sex and older age. These findings are
consistent with previous studies in the Mediterranean region [9, 13]. Older age could be
related to cumulative exposure to Leishmania-infected sand flies [54]; no clear sociocultural
explanation has been found in the present study for higher asymptomatic seroprevalence in
the male sex. A higher incidence of disease in male sex has also been reported [55]; sex-
related biological factors could play a role in the differential incidence of VL [56]. KPP
results highlight that animal leishmaniasis is well-recognized among blood donors, especially
in the central and southern parts of the country. Although dog owners had more frequently
heard of the disease (78.2 vs. 68.0%), the percentage was still lower than described in
previous studies in pet owners (83-91%) [20, 21], possibly because the proportion of
participants from the Norte region was lower (26 vs. 34%) and also because these studies
were performed in a veterinary clinic/hospital context. Human leishmaniasis, however, is less
recognized (38.1%, very similar to a previous study [20]). Television was identified as the
main source of information, possibly because leishmaniasis is mentioned in the insecticide
and arthropod repellent advertisements broadcast. In many parts of the Norte region, where
canine leishmaniasis is considered less endemic or non-endemic, it is expected, as seen in the
present study, that television largely supersedes veterinary professionals as sources of
information. Many respondents who had heard of leishmaniasis in animals were not able to
describe any sign, and only approximately half of those who described them selected weight
loss or skin lesions, which are commonly present in diseased dogs [57]. This could imply
that tutors may theoretically recognize the risk of disease locally, but not be able to identify
its signs early in their animals, leading to late seeking of veterinary attention. Leishmaniasis
was mainly considered a dog’s disease, but some donors also mentioned that cats could be
affected. This could represent either a growing awareness in the veterinary and general

community of the risk of feline leishmaniasis, following increasing scientific evidence [58],
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or a possible confusion with toxoplasmosis (supported in some questionnaires by the
indication of hearing about it during pregnancy). It is interesting to note that regions where a
higher percentage of donors reported knowing animals with leishmaniasis in the
surroundings relate to the districts where canine seroprevalence was shown to be higher,
namely Alto Alentejo, Médio Tejo, BSE, and Algarve [16]. The vaccination rate against
canine leishmaniasis was higher than suggested in previous studies (21.7% vs. 4.5-14.9%)
[16, 20], although awareness and use of vaccines were significantly different between
regions. Compared to previous studies, similar rates of insecticide/repellent use in dogs were
reported (82.2% vs. 69.6-92%) when considering all types of substances, regardless of their
activity against sand flies [16, 20]. However, no information was collected regarding either
the chemical substances or whether the products were being applied according to the
manufacturer’s recommendations. In the present study, a higher level of knowledge was
associated with higher perception of leishmaniasis risk, but this did not translate into more
protective practices. In fact, a higher Pra score was significantly associated with a lower Per
score. Perhaps this could be partially explained by the fact that one of the practices considered
protective was no ownership of dogs, but being a dog owner was significantly associated
with a higher perception of disease. Additionally, vaccination was the only practice assessed
specifically targeting leishmaniasis, and it is expensive; other practices considered protective
against leishmaniasis are also protective for other arthropod-transmitted infections, so that
they could be the result of the perception of risk of these other specific infections or of
arthropod-borne infection in general. This could also explain why, in multivariate analysis,
there was no significant association between the detection of anti-Leishmania antibodies and
lower K, Per, or Pra scores related to leishmaniasis. These findings cannot be extrapolated to
the general Portuguese mainland population, since only people aged 18—65 were included
and the profile of people who donate blood could be different from the age-matched general
population in each region and between regions. In addition, the representativeness even of
the blood donor population itself could have been affected by the difficulty in obtaining a
truly probabilistic sample, due to logistic constraints in some regions. Another limitation of
the present study is the source of data, collected by questionnaires, which could present

significant biases, including socially desirable responding.
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5. Conclusions

A human Leishmania seroprevalence of 4.8% among blood donors in mainland
Portugal was estimated in this study. Significant variations were found among regions. In
some cases, the detection of positive or borderline results was very geographically restricted
and could represent new foci of parasite circulation. These findings highlight the importance
of following a One Health approach to tackling the challenges of climate change: investing
in more detailed and localized studies of seroprevalence in human and canine populations,
coupled with studies on the presence of Leishmania in phlebotomine sand flies. More
consistent reporting of human and animal cases would also be vital to providing a complete
picture of the national burden of disease. Seropositivity was associated with male sex and
older age, but not with lower KPP, as defined by the score developed for this study. Future
studies should follow probabilistic sampling approaches but should include a broader healthy
population. Factors found to be significantly associated with higher levels of knowledge
reinforce the need to educate older people and young adults, males, people from lower
education levels, and those from less differentiated professional backgrounds. Knowledge
regarding leishmaniasis is heterogeneous in the country, and education programs should
target areas where emergence of this zoonosis is expected. Education programs could greatly
impact canine and human health if they were directed towards people living in some of the
coastal subregions of the NUTS2 Norte and Centro regions, where canine seroprevalence
seems to be increasing and human seroprevalence was high. These programs should
emphasize the practices associated with effectively lowering the risk of both animal and
human infection; veterinarians and physicians could likely play a determinant role in
potentiating perceptions and practices in pet owners and immunocompromised individuals,

respectively.
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Abstract

Background. Control of leishmaniasis in the Mediterranean Basin relies on the active
contributions from researchers in the fields of animal, human and environmental health. The
application of knowledge, perceptions and practices (KPP) questionnaires to health students
and professionals in Europe could be fundamental to identify and explore gaps in KPP,
highlighting the diversity of conceptions related to this disease between students and
professionals active in (One) Health. The objective of this study was to characterize and
compare the current knowledge, perceptions and practices regarding leishmaniasis among
subgroups of students and health professionals in Portugal through the application of an

online questionnaire.

Methods. A cross-sectional study targeted the population of health students and
professionals in Portugal, including students in medicine, veterinary medicine and
environmental health, physicians, veterinarians and environmental health technicians.
Potential participants were approached by email via universities and professional societies
and organizations and provided with the link to access the online questionnaire. Answers to
the self-administered sociodemographic and KPP questionnaire were collected between July
and December 2022. Individual KPP scores were calculated by summing grades defined for
each question. Logistic regression models were used to search for potential associations, and
the results were expressed at estimated crude and adjusted odds ratios with 95% confidence

intervals.

Results. In total, 486 participants were included in this study: 254 students and 232
professionals. Overall, 75% of the participants reported having heard of both human and
animal leishmaniasis, and > 80% reported hearing about the disease during their course work
(although this was significantly lower among those in the field of environmental health).
Around 90% of participants identified the pathogenic agent as a parasite, and an arthropod
bite was identified as the main route of transmission by > 95%. Animal leishmaniasis was
considered to be diagnosed in Portugal by 8§7% of participants and human leishmaniasis by
only 69%. The main barriers pointed out by professionals to the control of leishmaniasis

were: lack of knowledge in the general population, failures in the early diagnosis and
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treatment of diseased animals, absence/inefficacy of vector control programs and lack of
knowledge in human health professionals. Median knowledge and perception scores were
higher among professionals in the animal health field and higher in professionals than in
students. Median practice scores were not significantly different between groups and
subgroups. The multivariate analysis revealed that a longer period of study (for students) and
having seen cases of leishmaniasis (for physicians) were associated with above-mentioned

median knowledge score.

Conclusions. Most health students and professionals are knowledgeable about the cause and
transmission route of leishmaniasis. However, recognition of the disease as autochthonous
in humans is less common, highlighting the importance of promoting an approach to this
infection through a One-Health lens. A national structured plan to control leishmaniasis could
overcome some of the barriers pointed out by professionals, namely by implementing
systematic phlebotomine surveillance and integrated reporting of animal and human cases of

disease.

Keywords: Leishmaniasis, Awareness, Knowledge, Perceptions, Practices, Medicine,

Veterinary, Environmental health, Portugal, One Health

1. Background

Leishmaniases are a group of diseases caused by protozoan parasites of the Leishmania
genus that are transmitted through the bite of phlebotomine sand flies. In southern Europe,
including Portugal, Leishmania infantum is the only endemic human pathogenic species and
is maintained in zoonotic cycles where dogs are the most important domestic reservoirs [1].
Human infection by parasites of the Leishmania genus is asymptomatic in most cases [2].
However, some individuals progress to clinically recognizable disease, which can be grouped
in the following syndromic forms: visceral leishmaniasis (VL), cutaneous leishmaniasis (CL)
and mucosal leishmaniasis (ML/MCL). In Portugal, symptomatic infection by the endemic

species L. infantum most often results in VL [3], and the reporting of VL cases to central
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public health authorities is mandatory. Between 2014 and 2018, 6—14 cases were reported
each year nationwide [4], although these numbers likely reflect a significant underreporting
at the hospital level, as the numbers were higher in previous periods [5]. CL is considered to
be rare in Portugal and is not listed as a mandatory declaration disease, so available data of
cases are dispersed and mostly derived from the few case reports published in national and
international literature [6]. Regarding canine leishmaniasis (CanL), there is also no national,
integrated and standardized reporting and surveillance system in place, and only cases
suspected by municipal veterinarians during rabies control campaigns are reported to the
General Directorate for Food and Veterinary; consequently, the number of cases diagnosed
annually at a global and regional level is unknown [3]. However, seroprevalence studies
performed in dogs, at both national and regional levels, have provided some insight into the
distribution of infection, helping to define regions where exposure to Leishmania parasites is
expected to be more frequent/ intense, namely in the districts of Beja, Portalegre and Castelo
Branco [7, 8]. Despite the wide distribution of leishmaniasis and the health impacts on the
population in endemic areas, knowledge, perceptions and practices (KPP) regarding this
disease are not homogeneous between countries and between regions of the same country, or
even different sectors of the population, including health professionals, health sciences
students and animal owners. Studies to assess the knowledge, perceptions, attitudes and
practices regarding VL have been conducted mostly in South Asia [9—11], South America
[12, 13] and East Africa [14], with the target study populations consisting predominantly of
resident communities in highly endemic areas. In the Mediterranean region, where VL is also
endemic, the few studies dedicated to analyzing knowledge, attitudes and practices (KAP) of
the resident general population were mostly directed to animal owners, including three
studies performed in Portugal [15—17]. With respect to studies directed to the population of
health professionals, there is an abundant body of literature on the knowledge and practices
of veterinary doctors in Mediterranean countries, including Portugal, generally with a focus
on the epidemiology and clinical approach to CanL [18-21]. However, no studies carried out
in Mediterranean countries have included medical doctors and environmental health
technicians (EHTs) in the target population. On a worldwide perspective, few studies have

addressed these groups, although it is generally recognized that they play an important role
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in controlling leishmaniasis, under a One Health lens. In a number of studies, physicians were
enrolled in completing structured questionnaires, either self-administered (online or paper)
or by interview, in endemic areas such as South Asia [22, 23], North Africa [24, 25], Middle
East [26, 27] and South America [28,29]. Both primary healthcare physicians and specialists
(such as dermatologists) were included in these studies. Some published studies included
educational interventions, showing a significant increase in knowledge following the
intervention [26, 28]. These studies showed that knowledge on the cause, transmission route,
clinical presentation, diagnosis, treatment and perception of risk were very diverse among
regions. Even though the designation EHT is not employed homogeneously across countries,
professionals involved in environmental health were involved in at least one study in Brazil
[30] in which correct answers were compared between different professional groups; The
highest average score was achieved by veterinarians, followed by physicians and EHTs,
although few participants were recruited in each group. Some observational and
interventional studies targeted high-school students in countries such as Iran and Ethiopia
[26, 31, 32]. University students in health sciences, including medicine, veterinary medicine
and environmental health, have only rarely been included in KAP/KPP studies and never in
the context of a Mediterranean country, as shown in a recent review article on CL [33];
however, an understanding of the current knowledge and perceptions of future professionals
could be an essential step towards raising awareness and improving practices in the health
community. One study involving medical students in Latin America participating in an online
questionnaire [34] showed that most students were aware that leishmaniasis was caused by a
parasite transmitted by sand flies and recognized ways of preventing the disease, but they
were less knowledgeable regarding the clinical presentation of disease and treatment. In
Portugal, incomplete reporting and insufficient characterization of symptomatic
leishmaniasis cases (human and canine) may result in gaps in KPP regarding leishmaniasis
in health professionals. These gaps may be perpetuated due to neglect of leishmaniasis in the
training of students in these areas. The application of KPP questionnaires to students and
professionals could be fundamental to identifying and exploring these gaps, highlighting the
diversity of conceptions related to this disease between students and professionals in (One)

Health. Therefore, the aim of this project was to characterize and compare current KPP

79



CHAPTER 3

Knowledge, perceptions and practices of health students and professionals regarding leishmaniasis in Portugal

regarding leishmaniasis among subgroups of students and health professionals, in Portugal,

through the application of an online questionnaire, in a sample of each of these groups.

2. Methods

2.1. Study population and sample size calculation

This cross-sectional, observational study was carried out from July to December 2022,
in Portugal, which is located in southwest Europe, bordering Spain and the Atlantic Ocean.
The study consisted of the self-administration of a structured, anonymous, online
questionnaire aimed at collecting sociodemographic data and information on KPP related to
leishmaniasis. The populations targeted were students of medicine, veterinary medicine and
environmental health in Portuguese public and private higher education institutions as well
as health professionals (medical doctors, veterinary doctors and EHTs) working in public and
private institutions in Portugal. The most recent statistics of the Portuguese Order of
Physicians show that 59,545 professionals were registered in 2021 [35]. Most of these were
women (56.7%), and the districts where most professionals worked were Lisbon (29.0%),
Porto (22.1%) and Coimbra (9.7%) [35]. The age groups with the highest proportion of
registered doctors < 31 years (17.4%) and > 65 years (24.0%). The medical specialties that
could potentially be involved in a more detailed approach to leishmaniasis represented a
significant fraction of the registered specialists: Internal Medicine (8.7%, n = 3165),
Pediatrics (6.3%, n = 2297), Public Health (1.6%, n = 582), Dermatology (1.2%, n = 427)
and Infectious Diseases (0.6%, n = 227) [36]. It should be noted that at least 1.1% of
registered doctors completed their medical training in countries or regions where cases of
leishmaniasis are rare or absent, such as Portuguese-speaking African countries, non-
Mediterranean European countries, North America and Oceania [37]. Based on data from the
National Institute of Statistics, 12,449 medical students were registered in 2021, with a
predominance of women (69.7%), of whom 18.4% were registered for the first time in that
year [38]. These students were registered in programs offered by eight faculties (7 public and
1 private), located in five Portuguese cities (Braga, Coimbra, Covilha, Lisboa and Porto),

according to data available in the Directorate General for Higher Education (DGES) [39].
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Statistics from the Portuguese Order of Veterinary Doctors show that 6788 active members
were registered in 2022, most of whom were women (65.2%). In terms of distribution by
regions, most actively working members were in the districts of Lisbon (26.3%, n = 1783),
Porto (15.6%, n = 1057) and Settbal (8.2%, n = 556) [40]. Based on data from the DGES,
2959 veterinary medicine students were registered in the 2019-2020 academic year, most of
whom were (77.0%). Veterinary medicine courses are currently offered in eight faculties (4
public and 4 private) located in six Portuguese cities (Almada, Coimbra, Evora, Lisboa, Porto
and Vila Real) [39]. Lastly, the global number of EHT professionals in Portugal could not be
ascertained via official available sources. However, based on data from the DGES, there were
387 environmental health students (EHSs) registered in the 2019-2020 academic year, with
a predominance of women (70.3%) [39]. This bachelor’s course is offered in three public
institutes, located in the cities of Coimbra, Lisbon and Porto. The sample size and geographic
distribution of each student/professional group were not determined a priori and depended
on the rates of participation from each institution. However, a standardized protocol was used
to approach potential participants in each group in terms of number, frequency, media and
content of contacts, as explained in the following text. To ensure a nationwide coverage of
sampling, collaboration in this study was proposed to all of the faculties and institutes where
the target courses were available, as detailed above, and to the professional orders, societies

and associations of the three targeted professional categories.
2.2. Eligibility criteria
Individuals included in this study cumulatively fulfilled the following criteria:
— Being registered (in Portugal) as a student in the academic year of 2022-2023 in
one of three degree programs, namely Integrated Master’s in Medicine, Integrated
Master’s in Veterinary Medicine or Bachelor’s in Environmental Health, or having

completed training in medicine, veterinary medicine or environmental health and

actively practicing (in Portugal) in these professional fields in 2022.
— Age between 18 and 70 years, inclusive.
— Access to an electronic device for filling in the online questionnaire.

— Consenting to the informed consent form to participate in the study.
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2.3. Data and sample collection

All of the higher education institutions in Portugal offering the Integrated Master’s in
Medicine, Integrated Master’s in Veterinary Medicine and Bachelor’s in Environmental
Health were contacted with requests for collaboration in disseminating the questionnaire to
the students enrolled in these courses. Collaboration was achieved in four of the eight medical
faculties, five of the eight veterinary faculties and two of the three environmental health
institutes. The link to access the questionnaire was sent to all students enrolled in these
courses via their institutional emails; this first email was followed by two subsequent emails
at 3 and 6 weeks after the first. Additionally, the Portuguese Order of Physicians (OM), the
Portuguese Order of Veterinary Doctors (OMV) and the Portuguese Association of
Environmental Health (APSAi) were contacted and requested to disseminate the
questionnaire among their registered professionals or members. For the APSAi, we used the
same approach as that for the faculties. For the OMV, however, the link to the questionnaire
was posted one the APSAi website and, due to low visibility and adherence, the questionnaire
was also disseminated through posting in specific Facebook® groups, following a similar
timeline (3 posts separated by 3 weeks). Collaboration of the OM was not possible, so
professional medical societies were contacted to request their collaboration (specialties of
Infectious Diseases, Pediatrics, Anatomopathology, Clinical Pathology, Dermatology,
Internal Medicine and Public Health). Only the first three specialties collaborated, and the
questionnaire was sent via email to the associates following a similar timeline; this was
complemented by posting in specific Facebook® medical groups. The questionnaire was
constructed specifically for this study, although some questions were adapted from previous
KPP research on leishmaniasis. The questions were designed to address all of the relevant
topics regarding knowledge on leshmaniasis (epidemiology, presentation, diagnosis and
management aspects) and professional and personal practices, while avoiding redundancy.
Questions considered to be appropriate for the purpose of the project based on consensus of
all authors were included in the final version of the questionnaire. To improve ease/speed of
filling in the questionnaire, most questions were designed as multiple choice; possible
answers were selected by the authors to include all “correct” knowledge based on current

scientific evidence and all the expected most common practices; additional plausible options
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were added to allow greater discrimination. Likert scales were used as answers to perception
questions. The questionnaire was pre-tested on a convenience sample of health students and
professionals and readapted to achieve conformity. The first page of the form consisted of an
information text and request for consent. Progression required consent, selection of the
professional/student category and confirmation of current activity. Participants went on to
fill in a self-administered online questionnaire about sociodemographic and
professional/academic aspects and KPP regarding leishmaniasis. This questionnaire was built
upon RedCap® (Research Electronic Data Capture—a secure web application for building
and managing online surveys and databases), and different versions were available for
different groups, although many questions overlapped, and some were directed specifically
to one or a few groups (Additional file 1: Figure S1). The latter was the case for professional
activity-related questions and for questions targeting biological details of wvectors.
Additionally, some questions were only visible to participants who selected specific answers
to previous questions, in a drop-off fashion. For most questions, an answer was not
mandatory for progressing to the next question in the questionnaire. The total number of
accesses to the questionnaire was registered, but only submitted forms were saved and used
for analysis. Categorical variables extracted from the questionnaire were analyzed mostly
using the original categories provided as answer options, but regrouping was performed in
some cases. Districts of work/study in mainland Portugal were grouped into five regions
(Norte, Centro, Lisboa e Vale do Tejo [LVT], Alentejo and Algarve) according to the areas
of activity of the five Regional Coordination and Development Commissions (Comissdes de
Coordenacdo e Desenvolvimento Regional [CCDR]). For questions answered in an ordinal
scale with k options, answers were rated from 0 to k (with the k value attributed to the highest

frequency, importance or agreement).
2.4. Statistical analysis

Absolute and relative frequencies, hypothesis testing and logistic regressions were
performed using IBM® SPSS® Statistics Version 29.0 (SPSS IBM Corp, Armonk, NY,
USA). Bar and pie charts were built using Microsoft® Excel® (Microsoft Corp., Redmond,

WA, USA). Answers to each KPP question were scored according to the criteria presented
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in Additional file 2: Table S1. A total score for each individual was calculated for knowledge
(K score), for perceptions (Per score) and for practices (Pra score), by totaling the scores for
all the questions in each category. The range of possible values for each score was 0-8 for
K, 0-11 for Per and 0-3.5 for Pra. Descriptive statistics were expressed as absolute
frequencies and percentages for categorical variables and as means with standard deviations
or medians with interquartile ranges for continuous variables (e.g. age, and K, Per and Pra
scores). Comparisons between groups were performed using the Pearson Chi-square test (y2)
for categorical variables (or Fisher’s exact test in case of failure of the assumptions of the
y2test). For continuous variables, after checking the assumptions of normality and
homogeneity of the variances, instead of the t-test and analysis of variance (ANOVA), we
used the Mann—Whitney U-test or the Kruskal-Wallis test for comparing > 2 independent
groups, respectively. For variables rated in an ordinal scale, the median value was calculated
and presented in the tables, and statistical significance between groups was assessed
comparing distributions using the Mann—Whitney U-test or the Kruskal-Wallis test (> 2
independent groups, respectively). A value of P < 0.05 was considered statistically
significant. Recoding into binary variables was performed. Participants were divided in two
groups for K, Per and Pra scores: those with scores above the global median score value and
those with scores equal or below this value (K= 6.5, Per =9, Pra=1.5). Multivariate analyses
were conducted to identify sociodemographic and occupational factors associated with
higher K, Per or Pra scores. These analyses were performed through multiple binary logistic
regression models, analyzing variables with statistical meaning in the univariate analysis (P
< 0.05) and some biologically relevant or potentially confounding variables. The reference
categories used for each independent variable are specified in each multivariate analysis
results table. For those variables that remained significant, crude odds ratios (ORs) were
updated to adjusted odds ratios (aORs) with 95% confidence intervals (Cls). The Hosmer—
Lemeshow test was used to assess goodness of fit in each multiple logistic regression model

[41].
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3. Results

3.1. Sociodemographic and occupational characteristics

In total, 486 consented to participate in the study, of whom 254 were students and 232
were professionals. The sociodemographic characteristics of these participants are
summarized in Table 1. Median age was 21 years old for students and 38 years for
professionals; differences in age were not statistically significant among subgroups of
students nor among subgroups of health professionals. Female gender was predominant in
all subgroups (> 70%). The distribution of participants by region was significantly different
between students and professionals and among subgroups, but Lisboa e Vale do Tejo (LVT)

and Norte were the most represented (except for EHSs).

Table 1. Sociodemographic characteristics of the participants, for students and professionals.

Global Medicine | Veterinary EH p-value Global Physicians Vets EH p-value
students students students students students profs y technicians profs
n 254 140 98 16 232 116 57 59
Median age 21 21 21 20.5 0.146 38 36 36 (;122253 0.350
(I0R) (19-24) | (19-23) | (20-24) | (20-21) |@-38.ar-2)| (30-46) | (30-46) | (30-46) to) | (=214
Gender
Male 16.7 20.1 124 12.5 23.3 28.4 175 18.6
(42/252) | (281139) | (12/97) (2/16) 0.259 | (s4232) | (331116) | (10/57) (11/59) 0.174
Female 83.3 79.9 87.6 87.5 L 76.7 71.6 82.5 81.4 CA
(210/252) | (111/139) | (85/97) | (14/16) (178/232) | (83/116) | (47/57) | (48/59)
Region of work/study
Norte 26.2 20.1 37.1 12.5 325 36.5 21.1 356 | 0011
(FET =21.0)
(66/252) | (28/139) | (36/97) (2/16) (75/231) | (421115) | @2/57) | (21/59)
Centro 10.7 115 0 68.8 | <0.001 [ 1872 235 8.8 16.9
(27/252) | (16/139) (0/97) aiae) | FETET09) 1 (42/231) | (27/115) (5/57) (10/59)
LVT 55.6 68.3 43.3 18.7 38.5 33.0 54.4 33.9
(140/252) | (95/139) | (42/97) (3/16) (89/231) | (38/115) | (31557) | (20/59)
. 7.5 19.6 3.0 1.7 7.0 1.7
Alentejo (19/252) NA (19/97) NA @231 | @nisy | s (1/59)
5.6 3.5 8.8 6.8
Algarve NA NA NA NA 13/231) | (4115) (5/57) (4/59)
. 2.2 1.7 0 51
Acores/Madeira NA NA NA NA (5/231) (2/115) (0/57) (3/59)

Abbreviations: n - number; IQR - interquartile range; LVT - Lisboa e Vale do Tejo; profs — professionals; EH — Environmental Health; FET — Fisher’s exact test
*Statistically significant
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Distribution of students by year of study is shown in Fig. la (for medicine and
veterinary students: Chi-square test, y2 = 5.9, df = 5, P = 0.324) and distribution of
professionals by number of years of experience is shown in Fig. 1b (Kruskal-Wallis test, H
= 3.5, df = 2, P = 0.170). Distribution of students by university and faculty is shown in
Additional file 3: Figure S2. The type of work most performed by physicians and
veterinarians was consultations (63.8% and 84.2%, respectively), followed by infirmary
visits (62.1% and 42.1%, respectively). Most physicians were specialists (64.7%, n = 75) or
specialty residents (31.9%, n =37) and were practicing in the following specialties: Pediatrics
(38.8%, n = 45), Infectious Diseases (20.7%, n = 24), Anatomopathology (8.6%, n = 10),
Public Health (6.9%, n = 8), Internal Medicine and Family Medicine (5.2% each, n = 6),
Clinical Pathology (3.4%, n =4) and Dermatology (0.9%, n = 1). Types of institutions where
most of the professionals worked were: Public Health Units (88.1%, n = 52) for EHTs; public
hospitals (79.3%, n = 92), for physicians; veterinary clinics (78.9%, n = 45) for veterinarians.
Most veterinarians reported working with companion animals (94.7%, n = 54), but also with

livestock (12.3%, n = 7), exotic animals (10.5%, n = 6) and horses (7.0%, n = 4).

Figure 1. Distribution of (a) medical and veterinary students by year of study (a) and of professionals
by number of years of professional experience (b).
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3.2. Knowledge results

Answers to individual knowledge questions are summarized in Table 2. Overall, 75.3%
of participants reported having heard of both human and animal leishmaniasis, although this
percentage was significantly higher in professionals (Fisher’s exact test, 49.8, P < 0.001).
Over 80% of participants reported hearing about the disease during their courses; the number
was similar between students and professionals globally, but was significantly lower among
people in the field of EH (Chi-square test, y2 = 14.2, df =2, P=0.001). The course year most
reported by students for hearing of leishmaniasis was the second, both for veterinary students
(71.1%) and for medical students (60.8%). Hearing about the disease during professional
activity was more commonly reported by veterinarians (94.7%), followed by physicians
(82.8%) and EHTs (77.2%). Hearing about animal leishmaniasis in professionals during their
career in human was less frequently reported than hearing about human leishmaniasis careers
in animal health (42.9% vs 77.7%, P < 0.001). Professionals reported hearing about
leishmaniasis relatively less often outside their course/work (Chi-square test, 2 = 63.2, df =
1, P < 0.001). Figure 2 presents the percentage of participants reporting hearing of
leishmaniasis in different contexts at work, during their course work and outside of their
work/course work. The most reported contexts for hearing of leishmaniasis at work were the
observation of animals/patients, conversation with work colleagues, performance of
diagnostic tests and courses/workshops/congresses; the first three categories were
significantly more selected by veterinarians than by physicians. In course work, theoretical
classes were the context most often selected, followed by practical classes; compared to
medical and EH students, veterinary students reported hearing of leishmaniasis significantly
more often in practical classes, workshops/congresses and informal talks with peers or
professors. Outside of the work/course context, the two most reported contexts for hearing
of leishmaniasis were advertisements on TV and conversation with a veterinary, for animal
leishmaniasis; internet searches and conversation with friends/family, for human

leishmaniasis.
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Table 2. Answers to knowledge questions, globally and by student/professional group.

Al Global Med Vet EH p-value Global Med Vet EH p-value | p-value
Sbelle students | students | students [FSi[e[g)e profs profs profs profs profs global
Heard of leishmaniasis?
- 77 283 264 296 375 6.0 26 35 119
Animals only (86/486) | (72/254) | (37/140) | (29/98) | (6/16) 14232) | @3n1e) | @57 | (759)
43 39 6.4 0 6.2 47 95 0 0
Humans only (21/486) | (10/254) | (9/140) | (0/98) (1/16) g-g?{ (11/232) | 11/116) | (0/57) (0/59) %%%f <((;-é’$1_*
: 753 63.4 60.0 70.4 50.0 = [ gs4 87.9 965 814 = =
10.8 19.4 49.8
Humans and animals | 355/486) | (161/254) | (84/140) | (69/8) | (8/16) )| (208232) | (to2i16) | (s557) | (a8s59) ) )
27 43 71 0 6.2 0.9 0 0 68
No/DK/CR (13/486) | (11/254) | (10/140) | (0/98) | (u16) ©r32) | (1) | (057 | (4/59)
Heard during course? |
82.4 82.0 828 86.7 467 | 0001* | 828 853 100 632 | <0.001* | 0843
Yes (361/438) | (169/206) | (77/93) | (85/98) | (7/15) ("ﬁ;lz“f’ (192/232) | (99/116) | (57/57) | (36/57) (ZEI)_ (Xﬁ;ol'?“’
Heard outside course/work? |
50.2 70.4 473 888 933 | <0.001* | 323 250 40.4 204 | 0046* | <0.001*
Yes (220/438) | (145/206) | (44/93) | (87/98) | (14/15) ('ZEK (751232) | (omie) | (3i57) | (aisr) | HIGH | B
Pathogenic agent
Bacteria 19 25 39 1.0 0 13 0 0 53
9/469) | (6/241) | (5/128) | (ue8) | (o/15) @r28) | (14 | (057 | @57)
: 55 71 55 9.2 6.7 39 0 18 140
Virus (26/469) | (17/241) | (7/128) | (9/98) | (1/15) ((;éflz 0228) | (0n14) | @7y | (8i57) ((’F%"le géﬁ
. 89.1 85.9 836 888 86.7 925 96.5 982 78.9
8.1 22.0 5.4
Parasite (418/469) | (207/241) | (107/128) | (87/98) | (13/15) ' | 2u1228) | 1014y | (ses7) | @sis) ) )
34 46 70 10 6.7 22 35 0 18
Other/DK (16/469) | (11/241) | (9128) | (ue8) | (u1s) (228) | (a114) | (o57) | (us7)
Same species in animals/humans? |
74.4 64.7 524 79.7 NA | <0001* | 8L8 740 89.1 896 | 0018* | <0.001*
Yes (265/356) | (99/153) | (44/84) | (55/69) NA (%ﬁ;lf)“’ (166/203) | (74/100) | (49/55) | (43/48) <%§;§~)°’ (Xﬁ;‘f;"
Main route of transmission |
: 971 97.8 96.6 99.0 100 96.4 92.8 100 982
Arthropod bite (442/455) | (225/230) | (115/119) | (96/97) | (14/14) @17/225) | (103111) | (57/57) | (56157
o 353 4356 53.9 29.2 57.1 26.7 417 88 17.9
Mosquito bite (156/442) | (98/225) | (62/115) | (28/96) | (8/14) (581217) | (43/103) | (5/57) | (10156)
- 724 66.2 565 84.4 214 788 65.0 100 83.9
San dfly bite (320/442) | (149/225) | (65/115) | (81/96) | (3/14) 7217y | (671103) | (57/57) | (47156)
. 7.9 133 174 73 214 23 4.9 0 0
Flea bite (35/442) | (30/225) | (201115) | (7196) | (3114) G217) | 51103) | (557) | (0s56)
o 9.0 142 191 6.2 286 3.7 58 18 18
Tick bite (40/442) | (321225) | (221115) | (6/96) | (4114) @217 | (6103 | @sn | (se)
Direct contact with 12.7 13.5 19.3 8.2 0 12.0 15.3 35 14.0
animals (58/455) | (31/230) | (23/119) | (8/97) | (0/14) @225) | 7111y | @57y | (87)
: : 75 104 134 8.2 0 44 45 18 70
Animal bite/scratch (341455) | (24/230) | (16/119) | ®7) | (0114) @o22s) | i1y | sry | (a7
: 211 213 134 320 143 209 180 316 158
Blood transfusion (96/455) | (49/230) | (16/119) | @uen) | (2114) 471225) | or1y) | @esr) | (9s7)
. 145 130 109 165 71 160 135 263 105
Vertical (66/455) | (30/230) | (13/119) | @e97) | (u/14) (36/225) | (151111) | (15/57) | (6/57)
88 70 42 113 0 107 135 123 35
Organ transplant 40/455) | (16/230) | (5119) | awen | (0n14) @a1225) | @511 | @s7y | i)
38 53 85 10 6.7 0.046* 22 43 0 0 0515 | 0071
DK/CR (18/473) | (13/243) | (11/130) | (U98) | (1/15) (FGFZT): 6/230) | (5/116) | (057) | (0/57) (Ff;: (xjfjf’
Is animal leishmaniasis diagnosed in Portugal? |
87.4 85.8 793 939 800 | 0008* | 895 8338 100 965 | 0002* | 0287
Yes (333/381) | (188/219) | (96/121) | (92/98) | (12/15) (Fg%z (145/162) | (88/105) | (57/57) | (55/57) (Ei; (xjfj‘l')l’
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Is human leishmaniasis diagnosed in Portugal?

69.4 493 512 471 NA 0611 873 919 782 NA 0.012* | <0.00T*
Yes (218/314) | (73/148) | (41/80) | (32/68) NA (Xifj‘?ﬁ (145/166) | (102/111) | (43/55) NA <Xj;61')3’ (Xfi;sff’
Is leishmaniasis endemic in Portugal?
98.6 993 976 100 100 0.280 98.1 971 100 982 0850 | 0349
Yes (354/359) | (144/145) | (40/41) | (92192) | (12/12) (FZFST): (10/214) | (991102) | (57/57) | (54/55) (EFJZ)_ (EE;E):
Animal species most affected
98.0 97.0 97.9 96.7 917 0372 993 100 100 982 0434 0.146
Dogs (345/352) | (194/200) | (95/97) | (88/91) | (11/12) (1F5E)T = | @s1152) | (86/86) | (1111) | (54/55) gFgE)T = §F4E)T =
Cats 199 265 371 143 333 113 151 0 73
0i352) | (53/200) | (36/97) | (3e1) | (a12) as1) | azee) | 1y | (ams)
Other(s)* 196 200 216 209 0 192 20.9 91 182
69/352) | (40/200) | u97) | o) | (0112) o151 | asiee) | @iy | (oms)
25 2.9 2.0 42 0 0.609 19 23 9.1 0 0164 | 0734
DK/CR ©Q/361) | (6/206) | (2/99) | (4195) | (0/12) (1F5E)T = @nss) | (288) | @12 | (o555) ‘1F8E)T = gF;; =
Presentation of Leishmania infection
. 7.0 35 18 38 125 101 151 18 143
Always symptomatic | 1501 | 142 | (ass5) | (ar9) (1/8) osos 06159 | @ss) | s | qay |
- 68.4 66.2 60.0 68.4 875 : 704 585 737 79.6 - :
Mostly symptomatic | ooei301) | (0a1142) | (s3i55) | (sar79) | amg) O Lwiznse) | @us3) | sy | @oag) | GFLT | IS
. 24.6 30.3 38.2 27.8 0 ' 19.5 26.4 24.6 6.1 '
Mostly asymptomatic | 74201y | (azi1a2) | 2uss) | (22r79) | (oi8) (31/159) | (4/53) | (14557) | (3/49)
191 307 40.9 186 467 | 0.001* 48 0 0 140 | 0006* | <0.001*
DK/CR 71372) | (63/205) | (38/93) | (18/97 715 | 271301 (@167 0/53 0/57 8/57 (FET= | G2 =40.1,
df=2) 10.2) af=1)
Is there any treatment in humans?
68.8 574 703 441 667 | 0008* | 867 833 NA 89.6 0384 | <0.001*
Yes (159/231) | (81/141) | (asied) | oiee) | er9) | i | w0y | @siz) | NA | qaams) | A0 | Y
Is there any treatment in animals?
67.1 57.3 NA 56.2 64.3 0570 85.0 NA 100 833 0415 | <0.001*
Yes (1141170) | (63120) | NA | (s4i96) | (@14) | A5 | Guen) | na o6 | @y | T | %
Vaccine available for dogs?
763 82.8 NA 84.1 727 0346 72.0 64.7 100 778 0068 | 0049
Yes (190/249) | (82/99) NA ai8) | @y | CETS 1108150y | (s5/85) | iy | (sersay | CETS | 02=39
0.40) 5.4) daf=1y

2Including horses, sheep, goats, cattle, rabbits, other domestic animals, wild carnivores, other wild animals

Abbreviations: profs - professionals; DK/CR - Don't know/Can't remember; EH — Environmental Health; vet —
veterinary; med — medicine; FET — Fisher’s exact test

*Statistically significant
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Figure 2. Percentage of participants, globally and by student/professional group, reporting having
heard of leishmaniasis in different contexts: a) during the course, b) during professional activities, c)
outside the course/work (animal leishmaniasis), d) outside the course/work (human leishmaniasis).
Asterisk indicates a significant difference at *P <0.05.
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Around 90% of participants identified the pathogenic agent as a parasite. Of those who
recognized animal and human disease, approximately 75% answered that the same species
of Leishmania infects both animals and humans. Arthropod bite was identified as the main
route of transmission by 97.1% of participants; among these, sand fly bite was the
predominant answer, followed by mosquito bite, although the difference between the two
was less pronounced for students. More than 10% of participants answered that leishmaniasis
could be transmitted by direct contact with animals. When questioned about the periods of
highest phlebotomine activity, >50% of the EHTs selected each month between May and
September (inclusively); 82.2% selected dusk and 51.1% selected night. The preferred sand
fly breeding grounds pointed by the EHTs were domestic animal shelters (67.4%),
decomposing vegetal matter (50.0%), wild animal burrows (32.6%) and small water bodies
(28.3%). Individual risk factors for leishmaniasis most often selected by medical students,
physicians and EHTs were HIV infection/AIDS and use of immunosuppressive drugs;
physicians who had previously diagnosed VL also recognized active malignancy and solid
organ transplant as important risk factors. Both veterinarians and veterinary students selected
the use of immunosuppressive drugs as the highest risk factor; however, the second most
often selected answer was animal breed for veterinarians and juvenile age for students. For
all groups, male sex was the least frequently selected risk factor. Figure 3 shows the
percentage of participants who selected each potential environmental risk factor for animal
or human leishmaniasis. The three most selected environmental risk factors for animal
leishmaniasis were: (i) spending most time outside during night; (ii) non-systematic use of
arthropod repellent; and (ii1) living close to water. Veterinary students and veterinarians
selected these three risk factors significantly more often than EHTs, who selected living in
an environment with organic matter significantly more often than veterinary students and
veterinarians. For human leishmaniasis, living in rural areas was clearly the most selected
risk factor; living close to water was significantly more selected by physicians and living in

an environment with organic matter was significantly more selected by EHTs.
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Figure 3. Percentage of participants, globally and by student/professional group, who selected each
potential environmental risk factor for animal leishmaniasis (a) and human leishmaniasis (b). Asterisk
indicates a significant difference at *P < 0.05.
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Animal leishmaniasis was considered to be diagnosed in Portugal by 87.4% of
participants and human leishmaniasis by 69.4%. Among human health
students/professionals, diagnosis of VL in Portugal was recognized more commonly than
diagnosis of CL (73.9% vs 60.6%, P = 0.009). Almost every participant who considered
leishmaniasis was diagnosed in Portugal answered that the disease was endemic. The
percentage of physicians who considered the disease was imported in all or most cases was
24.1% for VL and 54.0% for CL; for medical students, however, it was 82.4% for VL and
56.2% for CL. On the other hand, 92.2% of veterinarians considered cases of CanL were all
or mostly autochthonous. Regarding animal hosts, dogs were almost universally selected as

the species most affected by leishmaniasis; 19.9% of participants selected cats. All groups
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considered that Leishmania infection was mostly symptomatic. A significant proportion of
students assumed not knowing or not remembering the signs of animal leishmaniasis (27.6%
of medical students, 13.5% of veterinary students and 7.1% of EHSs). Among those
participants who reported knowing the signs/symptoms of Leishmania infection, the
percentage who selected each sign/symptom associated with animal or human leishmaniasis
is shown in Fig. 4. In animal leishmaniasis, skin lesions, weight loss and fatigue were the
most selected signs (no significant difference in percentage between groups, except for skin
lesions, being less selected by EHSs); nail changes, ocular lesions and lymphadenopathy
were significantly more recognized by veterinary students. In human leishmaniasis, hepato-
and/or splenomegaly and fever were the most selected signs of disease; no significant
difference in percentage was seen for any of the signs/symptoms analyzed between medical

students and physicians.

Figure 4. Percentage of participants, globally and by student/professional group, who selected each
sign/symptom associated with animal leishmaniasis (a) and human leishmaniasis (b).

Abbreviations: EHSs — Environmental Health Technicians
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Regarding the diagnosis of leishmaniasis, both medical students and physicians who
had never seen cases of leishmaniasis considered blood to be the type of sample most used
(selected by 65.6% of students and 81.6% of physicians); as the second most sample type
used, physicians considered bone marrow (47.4%) and medical students considered lymph
node (26.2%). Blood was also the type of sample most selected by veterinary students
(89.8%), followed by lymph node (30.7%). Around 15% of veterinary and medical students
assumed that they did not know the diagnostic techniques most often used. Among those who
did know, the techniques most selected were serology (50.6%) and microscopy (33.7%) for
veterinary students, and microscopy (61.1%) for medicine students; in contrast, 78.4% of
physicians who had never seen cases of leishmaniasis selected PCR and 64.9% microscopy.
Leishmaniasis was considered to be treatable in humans by 68.8% of participants and
treatable in animals by 67.1%. In addition, 76.3% of participants recognized that a vaccine
against leishmaniasis was available for dogs. The declaration of cases to Public or Animal
Health authorities was considered to be mandatory by 43.9% of veterinarians for CanL and

by 96.9% and 66.2% of physicians for VL and CL, respectively.
3.3. Results on perceptions

Answers to individual questions on perceptions are summarized in Table 3. Most
veterinarians (77.4%) considered that there were > 50 cases of leishmaniasis diagnosed in
their region of work. Among physicians who had previously diagnosed leishmaniasis, 86.8%
considered that there was a “low” risk of a person developing the disease in their area of
work. Additionally, the number of VL cases diagnosed in their region in the last 10 years was
considered to be decreasing (48.7%) or stable (41.0%). For CL, 90.0% considered the number
of cases to be stable. In contrast, 56.5% of veterinarians who had previously diagnosed

leishmaniasis considered the number of cases to have increased in the last 10 years.
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Table 3. Answers to the questions on perceptions, globally and by student/professional group.

Global Med Vet EH p-value Global Med Vet EH

All Sl students | students | students [SI8e[EgIEHE N ol o) i profs profs profs

How important is it to include leishmaniasis in the training of (0-4):

0.063 <0.001* | 0.711
Veterinary students 3.71 3.70 3.64 3.76 3.92 | m=ss5 | 3.71 3.53 3.88 3.86 | @m=256, | m=0.1,
df=2) df=2) df=1)
<0.001* <0.001* | 0.002*
Medicine students 3.16 3.01 2.80 3.25 3.44 | @=141, | 3.27 2.93 3.55 3.75 | ®=487, | ®©=97,
dfi=2) df=2) df=1)
<0.001*
EH students 3.61 . . . 2.87 . . . 3.80 H=157,
df=1)
<0.001*
Profs of respective group . . . . . . 3.25 3.73 3.77 | ®m=351,
df=2)
How important do you think is the collaboration between physicians, veterinarians and environmental health technicians to eliminate
leishmaniasis (0-3):
0.150 0.026* 0.154
2.89 2.92 2.88 2.96 3.00 | #m=38 2.87 2.82 2.87 2.98 (H=73, | (H=2.0,
df=2) df=2) df=1)

Abbreviations: profs — professionals; EH — Environmental Health; vet — veterinary; med - medicine
*Statistically significant

Inclusion of leishmaniasis in the veterinary curriculum was considered similarly
important by students and professionals and among different subgroups of students; among
professionals, however, physicians considered the inclusion of leishmaniasis as less
important. All groups considered it to be more important to include leishmaniasis in the
veterinary curriculum than in the human medicine curriculum; it was considered to be less
important by more students than health professionals, and to be less important by
students/professionals in the human health field. Inclusion of leishmaniasis in the academic
program was considered to be more important by EHSs than by professionals. Regarding the
inclusion of leishmaniasis in the training of professionals, physicians assessed as a group
considered it to be less relevant for themselves. In terms of medical specialties for which
training on leishmaniasis was considered to be more important, 95.5% selected Infectious
Diseases, 87.5% Internal Medicine, 83.0% Pediatrics, 74.1% Dermatology, 56.2%
Anatomopathology and 19.6% Others. The importance of collaboration between sectors was
rated equally by students and professionals (Kruskal-Wallis test, H = 2.0, df = 1, P = 0.154);

among professionals, importance was rated in descending order as: EHTs, veterinarians,
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physicians (Kruskal-Wallis test, H = 7.3, df = 2, P = 0.026). The creation of national
guidelines for the diagnosis and management of leishmaniasis was considered to be “very
important” by 84.0% of physicians for VL and 71.4% for CL. The implementation of a
national structured plan to control leishmaniasis was considered to be "very important" by
89.6% of veterinarians and 87.5% of EHTs. Additionally, only 38.6% of veterinarians and
12.5% of physicians were satisfied with the information on animal or human leishmaniasis
that appeared on official platforms, respectively (the remaining participants were not or had
no opinion). Similarly, only 42.2% of veterinary students and 15.8% of medicine students
were “very satisfied” with the quantity and quality of information presented in their courses.
The main barriers pointed by professionals to the control of leishmaniasis were (note: options
selected by > 50% of respondents): lack of knowledge in the general population, failure in
early diagnosis and treatment of diseased animals, absence/inefficacy of vector control
programs and lack of knowledge by human health professionals. Significant differences were
reported for some of these barriers, as shown in Fig. 5. Low adherence to protection measures
in animals, insufficient vaccination coverage and inadequate control in wild animals were
the most common barriers considered by veterinarians, while absence of a case declaration
system for animals, low adherence to protection measures in humans and insufficient
research were pointed out mostly by EHTs. Unavailability of diagnostic equipment was the

most common barrier considered by physicians.
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Figure 5. Percentage of participants, globally and by student/professional group, who selected each
potential main barrier to the control of leishmaniasis. Asterisk indicates a significant difference at

*P<0.05.
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Abbreviations: EHTs — Environmental Health Technicians

The mean scores for effective measures in leishmaniasis control is shown in Fig. 6.

Overall, vaccination of animals, elimination of vector breeding sites, early diagnosis and

treatment of diseased animals and use of repellents in pets were considered to be the most

effective measures. Most measures evaluated were scored significantly differently between

groups: use of repellent in pets

and use of environmental repellents were scored higher by

veterinarians; vaccination of animals, elimination of vector breeding sites and avoiding

highly endemic areas were scored higher by EHTs. Early diagnosis and treatment in animals

and culling of diseased animals were not scored significantly differently.
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Figure 6. Mean score for each possibly most effective measure in leishmaniasis control, globally and
by student/professional group. Asterisk indicates a significant difference at *P < 0.05.
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3.4. Results on general practices
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Answers to individual questions on general practices are summarized in Table 4.

Seeing cases of leishmaniasis in course/work was more common for professionals than for

students (Chi-square test, x2 = 76.5, df = 1, p < 0.001) and in the animal health field than in
the human (Chi-square test, 2 = 27.5, df =1, p <0.001).
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Table 4. Table 4 Answers to general practices questions, globally and by student/professional group.

All ‘ Global Med Vet EH p-value Global Med Vet EH p-value p-value
SbEEl] students | students | students [FSi[efgiE profs profs profs profs profs global
Seen cases in course/work?
39.1 13.8 0 25.9 <0.001* 61.3 48.3 89.5 <0.001* <0.001*
Yes 127325) | (u152) | (071 | @usl) | NA o6 | (06173) | (s61116) | Gus7) | Na |94 | 047705
Repellent use in outdoor activities during dusk/night
Always 4.7 5.1 6.6 2.6 6.7 4.3 3.2 2.1 8.7
(19/403) | (11/215) | (8/122) | (2/78) | (15) 8188) | (3/95) | (u/a7) | (4/46) N
Sometimes 328 386 36.9 41.0 40.0 (g-gz_ 26.1 242 298 26.1 (‘;gl: (;2-0:22 X
(132/403) | (83/215) | (45/122) | (32/78) | (6/15) 1g) | (49188) | (23/95) | (14/47) | (12/46) 35) i)
Never 62.5 56.3 56.6 56.4 53.3 69.7 72.6 68.1 65.2
(252/403) | (121/215) | (69/122) | (44/78) | (8/15) (131/188) | (69/95) | (32/47) | (30/46)
Not applicable 16.7 15.0 12.9 19.6 6.2 18.6 17.4 175 22.0
(81/484) | (38/253) | (18/140) | (1997 | (u/16) (43/231) | (0/115) | (1o557) | (13/59)
Nets in doors/windows
All 4.1 5.9 6.4 5.2 6.2 2.2 35 0 1.7
(0/484) | (15/253) | (91140) | /97y | (u1e) G/231) | (@n1s) | (o7) | (Ws9)
Some 153 17.0 157 186 1838 ((F’-é’;“: 134 10.4 123 20.3 (g-é?i (Xg-gsg o
(74/484) | (43/253) | (221140) | (18/97) | (3/16) oa0 | (U231) | (121115) | (7/57) | (12/59) i o
No 80.6 77.1 77.9 76.3 75.0 84.4 86.1 87.7 78.0
(390/484) | (195/253) | (109/140) | (74/97) | (12/16) (195/231) | (99/115) | (50/57) | (46/59)
Pet ownership |
Dog(s) 47.3 57.7 48.9 72.4 43.8 35.9 28.7 52.6 33.9
(220/484) | (146/253) | (68/139) | (71/98) | (7/16) _|(83/231) | (33115) | (30557) | (20/59) X X
Other(s) 25.8 20.9 165 245 375 <(2£T01= 312 235 45.6 322 (;2020‘3’2 ) (;2020% o
(125/484) | (53/253) | (23/139) | (24/98) | (6/16) e | (720231) | (@715) | 6557) | (19/59) | Furpt | T
No 26.9 21.3 34.5 3.1 18.7 32.9 47.8 18 33.9
(130/484) | (54/253) | (48/139) | (3/98) | (3/16) (76/231) | (551115) | (W57 | (20/59)
Dog(s) spend(s) time outdoors during dusk/night?
72.5 77.4 83.8 73.2 57.1 0.139 63.9 75.8 50.0 65.0 0.104 0.027*
Yes (1661229) | (113/146) | 5768) | s2mn) | @ | 5o | swsd) | sy | asmo) | aseo) | M| %L
Repellent use in dog(s) |
78.5 77.2 80.6 74.6 714 0.659 80.7 69.7 90.0 85.0 0.107 0.538
Yes (wror2z8) | 124s) | swen) | w3y | em | Qo | 6789 | @asy) | euso | amen) | O |00
All year round 78.8 82.1 815 81.1 100 - 73.1 65.2 815 70.6 o i
(au179) | ©2112) | (@aisa) | @siss) | @5) | 210 | oen) | ases) | azn) | aenn | 94T | 01
Some months 212 17.9 185 189 0 0.63) 269 348 185 29.4 G=2 | ap=1)
(38/179) | (201112) | (o554) | (1oi53) | (0r5) aser) | (823) | 1 | (517)
Spot-on 57.4 59.8 61.1 54.7 100 53.7 65.2 40.7 58.8
(103/179) | (67/112) | (33/54) | (29/53) | (5/5) @36/67) | (15/23) | @uen) | (1on7)
Collar 54.7 57.1 51.9 64.2 40.0 50.7 47.8 63.0 35.3
98/179) | (64/112) | (28/54) | (34/53) | (215) @ae7) | @r3) | aren | 6ny)
Pills 38.0 39.3 38.9 43.4 0 35.8 47.8 33.3 23.5
68/179) | (44/112) | @usa) | (3s3) | (or5) eal67) | @u23) | ©ren | @in
Shampoo 8.4 8.0 7.4 75 20.0 9.0 21.7 0 5.9
(5179) | (@112) | (454) | (4/53) ws) 667y | 23 | oen | @an
Spray 5.0 5.4 3.7 75 0 4.5 8.7 0 5.9
on79) | 6112) | (@mm8) | (4s3) (0/5) @e7) | @re3) | ©orn | @an
Vaccination of dog(s) |
Every year 42.4 42.4 41.2 45.6 28.6 0.660 425 47.6 25.0 40.0 0.682 0.993
3172) | (56/132) | (28/68) | (26/57) | (@) o |arao) | o2y | s 615) | 282 | %%
Some yearsNO/DK/CR 57.6 57.6 58.8 54.4 714 0.83) 575 52.4 75.0 60.0 0.76) det)
@o172) | (76/132) | (ore8) | (31s57) | (517 (3/40) | (1121) | (3/4) (9/15)
Veterinary observation of dog(s)
At least once a year 91.7 89.0 88.1 90.1 85.7 0801 96.4 97.0 100 90.0 0.452 0.051
(209/228) | (120/145) | (59/67) | (64/71) | (6/7) cors | (eue3) | (32033) | (3030) | (&0) | 22 SO
Less than once a year 83 110 119 9.9 143 0.23) 36 30 0 100 16) =)
(19/228) | (16145) | @/67) | (@) ) 383 | @s3) | 0B30) | (2120

Abbreviations: profs - professionals; DK/CR - Don't Know/Can't remember; EH — Environmental Health; vet — veterinary; med — medicine

*Statistically significant
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Most participants reported "Never" to using arthropod repellent during outdoor
activities at dusk/night, with the proportion of "Never’ responses being significantly higher
in professionals (Chi-square test, x2 = 7.9, df = 2, P = 0.020). Most participants mentioned
having "No" nets in doors/windows, and this proportion was similar between groups (Chi-
square test, ¥2 = 6.0, df =2, P=0.051). Approximately half of the participants (47.3%) were
dog owners, although dog ownership was significantly more common among students (57.7
vs 35.9%) and professionals in the animal health field (Fisher’s exact test, 36.8, P < 0.001).
Most participants reported that their dog(s) spent time outside between dusk and dawn,
although this response was higher for students (Chi-square test, y2 =4.9, df = 1, p = 0.027).
Of the dog owners who mentioned that their dogs spent time outdoors during the night, 77.1%
selected garden/yard, 30.1% street/road, 9.6% forest/bush and 5.4% other. The use of
arthropod repellent on dog(s) was reported by > 75% of participants and was year-round for
most dogs (78.8%), with no significant differences between groups. In general, spot-on
treatments were the mostly commonly used arthropod repellent method used by both students
and professionals, followed by collars and pills. Among veterinarians and veterinary
students, however, collars were preferred over spot-on treatments. Approximately 40% of
the participants reported vaccinating their dog(s) "every year," with similar proportions
among groups (Chi-square test, 2 < 0.01, df = 1, p = 0.993). Over 90% of participants
mentioned taking their dog(s) for veterinary observation "at least once a year" and this was

similar between groups (Chi-square test, 2 = 3.8, df =1, p =0.051).
3.5. Results on professional practices

Answers to individual questions on professional practices are summarized in Table 5.
Among professionals who had seen leishmaniasis, 77.1% of veterinarians and 11.3% of
physicians had seen > 10 cases. Of physicians who reported having been involved in
diagnosing/treating patients with leishmaniasis, 75.0% mentioned only VL, 3.6% only CL
and 21.4% both.
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Table 5. Answers to questions on professional practices, globally and by professional group.

Veterinarians | Physicians
CanL VL
Number of cases seen (%)
1.5 14.6 75.5
(7/48) (40/53)
8.3 13.2
010 (4/48) (7/53) <0.001*
39.6 (2 =462, df=2)
11-50 (19/48) 11.3
375 (6/53)
>50 (18/48)
Type of sample used for diagnosis (0-3)
. . <0.001*
Bone marrow biopsy/aspirate 0.49 2.22 (U=298.0)
Liver biopsy/aspirate . 0.85
Lymph node biopsy/aspirate 0.485
ymp pSyfasp 1.00 112 et
0.074
Spleen biopsy/aspirate 0.20 0.43 (U = 1005.5)
Skin 0.78
Blood 2.84 2.18 0001
Type of laboratory exam used for diagnosis (0-3)
<0.001*
Culture 0.24 0.96 (U =722.0)
Microscopy of smear/histology 0.78 2.08 f&g?lls
PCR 1.32 2.19 .0
Quantitative serology 2.53 177 <0.001*
Qualitative serology 2.23 ' (U =6235)
Drug used for treatment (0-4)
Miltefosine 175 11 Tl_? :%9415:
MA/Pentavalent antimonials 202 0.80 ?8:29610’;
Allopurinol 3.30 NA
Allopurinol+MA 2.26 NA
Allopurinol+miltefosine 1.90 NA
Liposomal amphotericin B NA 3.32
Paromomycin NA 0.26
Amphotericin B deoxycholate NA 0.24
Pentamidine NA 0.12
Recommended individual protective measures to patients (%)
93.0 8.1 <0.001*
Often/always (53/57) (8/99) (2 =109.5, df=1)

Abbreviations: CanL - canine leishmaniasis; VL - visceral leishmaniasis; PCR - polymerase chain reaction; MA -

meglumine antimoniate;
*Statistically significant
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The most commonly used samples for diagnosing VL were bone marrow
biopsy/aspirate and blood. PCR was the most common technique used for diagnosis,
followed by microscopy. The factors reported to most influence the choice of diagnostic
method for VL were availability (72.9%), sensitivity (72.9%), specificity (64.6%) and speed
(54.2%) of test; need to send a sample to an external laboratory (16.7%); and cost (2.1%).
Liposomal amphotericin B (LAmB) was the drug reported as most often used to treat VL,
followed by miltefosine. LAmB was considered to be more effective than miltefosine, and
both drugs were suggested as being more effective in immunocompetent than
immunosuppressed patients. Only 6/44 physicians reported ever using amphotericin B
deoxycolate, 7/45 paromomycin and 4/42 pentamidine. The factors reported out to most
influence the choice of treatment for VL were availability (83.0%), side effects (55.3%),
degree of immunosuppression (40.4%), formulation (27.7%) and cost (10.6%). In the case of
failure/relapse, 58.6% of physicians reported initiating treatment with combination of drugs
and 24.1% reported continuing with the same drug for a longer duration. Only 14/116
physicians reported having seen cases of CL (all but one mentioned 1-5 cases). Of these,
61.5% reported having seen CL cases resulting from infection in Latin America, 38.5% from
infection in southern Europe, 30.8% from infection in the Middle East and 15.4% from
infection in North Africa. The most frequently observed type of lesion was an ulcer, and
86.7% of physicians reported obtaining samples by excisional biopsy. The techniques most
often used for CL diagnosis were (in descending order): microscopy, PCR, serology and
culture. Only 20% of respondents answered that they “Always” or “Often” identified the
infecting species of Leishmania in their cases. Among the species identified, L. infantum was
mentioned most (n = 6). The most commonly used treatment strategies for CL were watch
and wait, LAmB, miltefosine and intralesional antimonial; none of these strategies was
frequently used by > 30% of clinicians. Factors most selected as influencing the choice of
treatment were availability (70%), number (60%) and location of lesions (50%) and side
effects (50%). Among clinicians, 58.3% considered CL treatment to be “moderately
effective.” For CanL, serology was the technique reported to be most used for diagnosis.
Most veterinarians (66.7%) said they “always” recommended treatment of Leishmania

infection in dogs while 25.5% initiated treatment only if dogs were symptomatic, regardless
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of severity. Allopurinol alone was the treatment regimen most often reported, followed by a
combination of allopurinol + meglumine antimoniate (MA) and MA alone. Allopurinol +
MA was considered to be more effective than single drug treatments, both in moderate/mild
and in severe disease. Seeing cases of leishmaniasis in other animals was reported by 14.0%
(8/57) of veterinarians, all of whom mentioned cats (1-2 cases each) and one mentioned a
horse. Most veterinarians (93.0%) but only 8.1% of physicians recommended individual

protection measures to patients.
3.6. Scoring KPP and associations with sociodemographic factors

The distribution of individual K, Per and Pra scores is shown in Additional file 4:
Figure S3. Median K and Per scores were higher in professionals than in students. Among
students, median K and Per scores were significantly higher in veterinary students, while
among professionals, they were significantly higher in veterinarians and EHTs. Median Pra
scores were not significantly different between groups and subgroups. Factors associated
with higher K score in the univariate analysis were age > 20 years (for students) or > 30 years
(for professionals), higher academic year of study, more years of professional experience,
Infectious Diseases specialty, having seen cases at work and specialist level. In the
multivariate analysis, however, for students, only higher academic year of study was
associated with a K score higher than the median K score (OR 3.49, 95% CI 1.48-8.21, P =
0.004) and for professionals, only for physicians was having seen cases of leishmaniasis
associated with a K score higher than the median K score (OR 14.23, 95% CI 3.79-53.45, P
<0.001). Factors associated with higher Per score in the univariate analysis were professional
status, age > 25 years, residing outside the Centro or LVT regions, no dog ownership and K
score above the median K score (> 6.5). However, in the multivariate analysis, no dog
ownership (OR 2.19, 95% CI 1.46-3.27, P <0.001) and K score above the median K score
(>6.5) (OR 4.69, 95% C13.03-7.28, p <0.001) were the only factors associated with a higher
than median Per score globally. Factors associated with higher Pra score in the univariate
analysis were age > 30 years old and living outside the Norte region; in the multivariate
analysis, both factors remained significant (OR 1.88, 95% CI 1.08-3.26, P = 0.025; and OR
1.56, 95% CI 1.03-2.34, P = 0.035, respectively) (Table 6).
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Table 6. Potential factors for knowledge (students and professionals), perception and practices scores
above the respective median score, according to logistic regression models to estimate crude and
adjusted odds ratio values.

% in Sample | Crude OR 95% CI Adjusted OR 95% CI p-value
Female gender 83.3 1.37 0.62-3.03 1.65 0.71-3.80 0.242
K >6.5 Age >20 yo 58.3 2.67 1.43-4.97 1.37 0.62-3.00 0.434
(students) Year of study >2nd 60.9 4.23 2.08-8.61 3.49 1.48-8.21 0.004
No ownership of dog(s) 50.4 1.54 0.87-2.70 1.49 0.82-2.73 0.193
Constant 0.036 <0.001
Hosmer and Lemeshow Test Sig.=0.975
b) Potential R acto ariate ariate
% in Sample | Crude OR 95% CI Adjusted OR 95% CI p-value
Male gender 28.4 3.01 1.25-7.25 1.48 0.43-5.12 0.534
Age >30 yo 724 3.76 1.58-8.97 1.12 0.14-8.70 0.913
K 6.5 Nyp experie_nce >10 47.4 2.77 1.30-5.91 1.93 0.47-7.87 0.360
(professiénals) ID specialty 23.1 14.88 3.28-67.63 2.05 0.34-12.26 0.432
Seen cases of leishmaniasis 48.3 14.36 5.76-35.83 14.23 3.79-53.45 <0.001
Specialist level 64.7 5.40 2.26-12.89 2.47 0.33-18.22 0.376
No ownership of dog(s) 51.7 2.54 1.20-5.41 2.57 0.87-7.56 0.087
Constant 0.043 0.092
Hosmer and Lemeshow Test Sig.=0.419
C) Potential R acto ariate ariate
% in Sample | Crude OR 95% CI Adjusted OR 95% CI p-value
Professional 47.7 2.20 1.53-3.17 1.61 0.74-3.49 0.226
Female gender 80.2 1.27 0.80-2.00 1.57 0.94-2.61 0.085
Per >9 Age >25 yo 54.2 1.98 1.37-2.86 1.42 0.65-3.13 0.381
(global) Residing outside Centro/LVT 38.3 1.62 1.12-2.35 1.51 0.99-2.28 0.051
No ownership of dogs 47.4 2.23 1.54-3.23 2.19 1.46-3.27 <0.001
K score >6.5 455 5.11 3.47-7.53 4.69 3.03-7.28 <0.001
Constant 0.452 0.116
Hosmer and Lemeshow Test 0.470
d) Potential R acto ariate ariate
% in Sample | Crude OR 95% ClI Adjusted OR 95% CI p-value
Professional 47.7 1.10 0.76-1.57 1.45 0.84-2.51 0.180
Pra>1.5 Age >30 yo 374 1.45 1.01-2.10 1.88 1.08-3.26 0.025
(global) Residing outside Norte 70.4 1.54 1.03-2.32 1.56 1.03-2.34 0.035
K score >6.5 45.5 1.24 0.87-1.78 1.17 0.78-1.76 0.439
Constant 0.235 0.003
Hosmer and Lemeshow Test 0.934

Abbreviations: yo - years old; Nyp - number of years of professional; K - Knowledge; Per - Perceptions; Pra - Practices; OR - odds
ratio; Cl - confidence interval; ID - Infectious Diseases; LVT - Lisboa e Vale do Tejo. Reference categories:
a) Male gender; Age <20 yo; year of study 1% or 2"%; ownership of dogs

b) Female gender; age <30 yo; Nyp experience <10; non-1D specialty; not previously seen cases of leishmaniasis; trainee
level; ownership of dogs

c) Student; male gender; age <25 yo; residing in Centro or LVT region; ownership of dogs; K score <6.5

d) Student; age <30 yo; residing in Norte region; K score <6.5
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4. Discussion

This study represents the first national study of knowledge, perceptions and practices
(KPP) on leishmaniasis in health students and professionals, including veterinarians. At a
global level, few studies have addressed the human medicine and environmental health fields,
although the zoonotic and vector-borne nature of Leishmania infection implies that all these
fields are actively involved in its management and treatment. In the present study, not only
had > 95% of students and professionals heard previously of leishmaniasis, but also the
majority acknowledged it as a zoonosis, although the majority was lower in the human
medicine side. Comparisons of different student categories should be seen in the light of
different distribution of students by year of study; similarly, professionals of different fields
were not distributed equally by years of professional experience. Leishmaniasis seems to be
consistently included in the courses in the three groups, especially in theoretical classes; it is
possible that the disease is a focus of study earlier in the veterinary than in the medical
curriculum. In the professional context, in addition to the direct observation of cases of
disease, workshops, congresses, courses and conversations with colleagues were most often
mentioned as the sources of information on leishmaniasis, highlighting the importance of
continuous education and informal and peer education. Approximately half of the
participants reported having heard about leishmaniasis outside of their work, with particular
sources being television advertisements and conversation with veterinarians on animal
leishmaniasis and via an internet search for human leishmaniasis. Although no studies in
Europe have previously addressed the non-occupational sources of information on
leishmaniasis, it is likely that television plays an important role via pesticide repellent
advertisements for pets; however, human disease is not addressed in this platform and much
less disseminated in all communication media (all less selected for human vs animal
leishmaniasis). Even though arthropod bite was correctly identified as a main route of
transmission by almost every participant, mosquitoes were commonly pointed as the
arthropod vector. This could explain why many participants considered living close to water
to be a relevant environmental risk factor for both animal and human leishmaniasis and why

only EHTs more often pointed to organic matter as a relevant risk factor. This lack of
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knowledge on the vector could lead to inefficient/incorrect counseling of animal owners and
at-risk human groups on specific prevention strategies against phlebotomine sand flies, such
as no accumulation of decaying organic matter [42]; in other endemic settings, such as in
areas of Brazil, veterinarians systematically recommend keeping the domestic environment
free from organic matter [43]. It should be notes that direct contact with infected animals was
also considered to be an important route of transmission by > 10% of participants, similarly
by students and professionals, although this route has rarely been documented, and then only
in dogs [44], possibly leading to inaccurate information being provided to dog/animal owners
regarding their personal risk. EHTs seem to be adequately informed about periods of activity
and breeding grounds of sand flies according to current knowledge on their biology [45].
Physicians and medical students referred to HIV infection/AIDS and use of
immunosuppressive drugs as the most significant individual host risk factors, which is in
accordance with the literature, which suggests increased risk of progression to disease in
persons with HIV infection/AIDS [46], and with national data revealing that 51.8% of
persons with VL diagnosed between 1999 and 2009 were coinfected with HIV and 6.5% had
other immunosuppressive condition [5]. Although male sex was the least frequently selected
risk factor among our respondents, studies in South Asia suggest that it as a biological risk
factor, regardless of sociocultural differences based in gender [47]. The participants in our
questionnaire survey considered that animal leishmaniasis was more often diagnosed in
Portugal than human leishmaniasis, likely reflecting the higher incidence of the former
disease and the high seroprevalence in the canine population (7). CanL and VL cases were
considered to be mostly autochthonous by professionals; in available data, 76.4% of cases of
VL were assumed to be autochthonous, since they were living in known endemic foci in
Portugal [5]. Students were unaware of this. Information on the situation of CL is scarce in
Portugal since notification of the disease is not mandatory, while in other southern European
countries it has been reported that approximately one half of CL cases seem to be imported
(in Spain [48] and France [49]). In the present study, clinicians were polarized between either
mostly imported or mostly autochthonous. Asymptomatic infection has been extensively
described as the most common result of exposure to Leishmania parasites, but only

approximately 25% of students and professionals were aware of this fact, although it could
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be an important consideration for interpretation of positive serological results in sick
individuals in endemic areas, where it could represent an incidental finding [2]. On the other
hand, asymptomatic, latent infections represent both an individual and public health problem
since they can reactivate and progress to overt disease in specific settings, such as in the
context of iatrogenic/pharmacologic immunosuppression (in transplant, autoimmune
diseases, etc.) and older age, with an aged population representing an increasing share of the
population [50]. Additionally undetected and/or neglected asymptomatic infections could
compromise disease control in Portugal, as it is being increasingly recognized that
asymptomatic individuals can transmit the parasite to phlebotomine sand flies, especially
when immunosuppressed [51]. Common signs of animal leishmaniasis (skin lesions, weight
loss, fatigue) were correctly identified by most students and professionals not active in
diagnosing CanL [52], although other common signs were specifically mentioned more
frequently by veterinary students, such as nail and ocular changes. For human leishmaniasis,
hepatosplenomegaly and fever were more often chosen by the participants, consistent with
case series of VL [53]. Regarding diagnosis, students and physicians who had never seen
cases of VL more often chose blood as the sample type for testing; however, bone marrow
seems to be preferentially used in Portugal (5). Due to the low incidence of the disease, most
physicians have never seen any case of VL, but this could change in the future, raising the
possibility of a gap in knowledge of locally available diagnostic protocols and techniques.
Mandatory declaration of VL cases was correctly indicated by most physicians, possibly
suggesting that underreporting (as shown in a previous study [5]) may be related to other
issues in addition to lack of knowledge, such as forgetting to report, lack of time, complexity
or low user friendliness, lack of feedback on notified cases; some of these have already been
reported in other countries for mandatory declaration diseases in general [54]. Even though
CL is a non-notifiable disease in Portugal, it was considered to be otherwise by most
physicians. Perceptions of health professionals in terms of trend in number of cases in their
region of work are compatible with the decrease in the number of VL cases reported annually
in the period of 2014-2018 [4] compared to pre-2010 [5] and with increasing national canine
seroprevalence [7, 8]. Inclusion of leishmaniasis in the curriculum and training of physicians

and veterinarians is perceived as important, but for participants who recognize the disease as
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zoonotic, the lower rating for human health students and professionals could be related to the
low incidence of the human disease [3] and to the fact that these cases are usually seen only
by certain medical specialists. Although regional European guidelines for the management
of leishmaniasis have been developed [ 1], most clinicians considered the creation of national
guidelines to be very important and were not satisfied with the information available in
official platforms. Although systematic surveillance of phlebotomine sand flies is included
in the Vector Surveillance Network (REVIVE [Rede de Vigilancia de Vetores]), no national
program is currently implemented to control leishmaniasis, which could explain why
absence/inefficacy of vector control programs was often perceived as a barrier to controlling
leishmaniasis. Low adherence to protection measures in animals and insufficient vaccination
coverage were also barriers often pointed by the veterinarians. In Portugal, although > 90%
of dog owners seem to use ectoparasiticides for their dogs, the type of drug used and the
frequency of application are often inappropriate to adequately prevent sand fly bites (15, 16).
The use of vaccination as a preventative strategy is estimated at around 15% [7]. All of the
interventions considered to be most effective (vaccination of animals, early diagnosis and
treatment of diseased animals and use of repellents in animal pets) have been related in
previous studies to control of the disease in diverse settings [55], except for the elimination
of vector breeding sites. Practices among physicians highlight that CL was less commonly
seen, and that when seen it was often by professionals who also reported seeing cases of VL;
it is possible that most diagnosed CL cases present simultaneous visceral involvement, as
shown in data from inpatients in Portugal, where only 3/21 had isolated CL (5). It would
appear likely that many cases of isolated, uncomplicated CL do not come to medical attention
and are not diagnosed; it should be noted, however, that only one dermatologist was enrolled
in the present study. Diagnosis of VL has often relied on testing samples of bone marrow,
although European guidelines suggest serology as the first-line approach [1], possibly
because bone marrow aspirate or biopsy could be more informative in terms of differential
diagnoses and also because serology may not be widely available. It should be noted that
PCR was reported as the most used technique, which contrasts with data from 1999 to 2009
(use of PCR in only approx. 25% of cases [5]) and probably relates to a wider availability of

this technique in more recent years. These assumptions are supported by the finding that
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availability was the factor most often selected as influencing the choice of diagnostic method.
Preferential use of LAmB is consistent with previously reported data [5], and the seldom use
of other regimens could also be related to weaker evidence for the use of miltefosine in the
European region [1] and limited availability. Answers provided by physicians regarding CL
suggest that each professional has seen few cases, reflecting low experience in diagnosing
and treating this disease. Samples were most often reported to be obtained by excisional
biopsy and tested by histopathology. A significant proportion of cases observed were
suspected to originate from Latin America, consistent with an increasing migrant population
from Brazil and more intense travel to the region [56]. Systematic identification of
Leishmania species was reported by a minority of clinicians, suggesting treatment selection
could be performed by inferring species identification based on geographical location.
Additionally, monitoring of potential import and establishment of new species in the country
is limited. Concerning CanL, the use of serology for diagnosis was commonly reported,
following the LeishVet diagnostic approach [52]. Treatment strategies favored allopurinol
alone or allopurinol + MA, reflecting that veterinarians are likely following
recommendations for mild or moderate/severe disease, respectively. It is interesting to note
that 8/57 veterinarians reported having seen cases of feline leishmaniasis, reflecting a raising
awareness of this endemic infection in cats and suggesting clinical cases are likely to be more
common than reported [57]. The results of the present study overlap with findings from a
previous Portuguese study that involved 141 veterinarians, with the results showing that >
50% of the veterinarians saw > 10 cases of leishmaniasis per year; serology was reported to
be the preferred method for diagnosis (especially the immunofluorescence antibody test
[IFAT]), followed by PCR in lymph nodes and/or bone marrow; allopurinol + MA was the
most commonly used treatment regime. Two other recent national studies [21, 58] showed
similar findings regarding diagnosis and treatment; additionally, in these latter studies, 31.3%
of veterinarians reported not following any guidelines, even though 93.0% of responders
were aware of their existence. In would appear that owner financial restraints negatively
influenced veterinary follow-up and relapse recognition. Accordingly, two international
studies including veterinarians in Portugal [59, 60] showed that veterinarians in Portugal took

a relatively higher consideration of the impact of the socioeconomic situation on the
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veterinary care of dogs affected by leishmaniasis, in comparison to other countries.
Additionally, these studies showed that rapid diagnostic testing was more commonly used
for diagnosis in Portugal as compared to other European countries. Globally, the approach to
diagnosis and treatment of VL and CanL in Portugal generally follows regional (European)
guidelines, but limitations in terms of access and lack of national specific recommendations
could lead to some heterogeneity. Median K and Per scores were significantly higher in
professionals, and especially in animal and environmental health professionals, but this did
not translate into higher Pra scores. A possible explanation is that the practices evaluated can
be performed generally to prevent arthropod-borne infections, and not specifically for
leishmaniasis (except for vaccination). It has been suggested in Brazil that veterinarians need
to have increased knowledge on leishmaniases [30]. Results from the multivariate analysis
reinforce the importance of practical experience as the means to increase knowledge in
professionals and to promote that knowledge being effectively increased according to
progression in disease course. Higher knowledge was associated with higher perception of
the importance of education/training and of collaboration. Lower median Pra score in the
Norte region could be related to a lower perception of risk for vector-borne infections, also
likely associated with lower canine Leishmania seroprevalence in many subregions,
especially in coastal areas [7]. This study has a number of important limitations. First, not
every faculty in Portugal participated in the study. The courses that were contacted but did
not collaborate, such as medial courses from Algarve, Madeira and Acores, were not actively
contacted for collaboration in the study since they were not listed in the DGES website, which
was used as a reference for this study [39]. In addition, adherence was generally very low.
The participants of this questionnaire were probably students/professionals who were most
likely to know/be aware of leishmaniasis (as the participation was voluntary, those who did
not know/care about leishmaniasis might have been less likely to respond). Physicians and
veterinarians were approached via social network publications due to visibility and adherence
limitations with dissemination by email, and this could have resulted in a selection bias;
professionals who take part in these Facebook® groups could be non-representative of the
class in terms of age and other sociodemographic factors. Very few Internal Medicine

physicians participated, although they likely represent the most involved specialty in
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diagnosis of adult VL in smaller hospitals. Similarly, the first approach to many patients, in
primary health care, was not assessed since few family medicine physicians participated.
Also, other professionals involved in healthcare were not enrolled in this study, such as
nurses (human and veterinary), who are increasingly responsible for health education, but
not involved in diagnosis/management or entomologic surveillance programs in Portugal.
The results of this study could also have been affected by social desirability or conformity
bias, since some questions addressed points that could represent professional competence or
student performance. Participation in the study was unsupervised, so individuals could have
shared opinions or experiences or used external sources of information while filling in the
questionnaire. Additionally, other biases associated with online participation could be

presumed, including nonresponse bias and question order bias.

5. Conclusions

Inclusion of leishmaniasis in the curriculum of health students is perceived as important
and seems to be associated with an increase in knowledge of the disease. A national
structured program to control leishmaniasis could overcome some of the barriers pointed out
by professionals, namely by implementing systematic phlebotomine surveillance and
integrated reporting of animal and human cases of disease. Joint efforts and collaboration are

recognized as crucial to fight this zoonosis, following a One Health approach.
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CHAPTER 4

Knowledge and practices regarding leishmaniasis in Portugal — comparison between blood donors and health
students/professionals.

Abstract

Objective. To compare the current knowledge and practices regarding leishmaniasis among

blood donors and health students and professionals, in Portugal.

Material and methods. Data were collected through the application of two questionnaires
(one online and one in paper) with similar questions in two distinct cross-sectional
independent studies, each targeting one of the groups. Descriptive statistics and hypothesis

testing were performed using IBM® SPSS® Statistics.

Results. In total, 3763 blood donors, 254 students and 232 professionals were included in
the comparative analysis. Over 95% of students and professionals, but only around 70% of
blood donors had previously heard of leishmaniasis. Over 90% of participants in each group
admitted leishmaniasis affected animals, but only in the professional group over 90% were

aware of human leishmaniasis.

Conclusions. Even though canine leishmaniasis is recognized by many blood donors and by
most students and professionals, awareness of the disease in humans is less common,
highlighting the importance of promoting an approach to this infection through a One Health

lens.

Keywords: Practices, Leishmaniasis, Portugal, Blood donors, Health professionals,

Students, One Health

1. Introduction

Control of leishmaniasis in the Mediterranean basin relies on individual contributions
by the general population and on active interventions from the fields of animal, human and
environmental health. Application of knowledge and practices (KP) questionnaires in Europe
could be fundamental from a Public (One) Health perspective, to highlight the diversity of
conceptions related to this disease among the students/professionals and the populations at
risk in endemic areas. Non-standardized KP questionnaires applied in Leishmania endemic
areas, such as South America [1,2], South Asia [3-5] and East Africa [6], showed

heterogenous results among countries, regions and different sectors of the general population.
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Although the Mediterranean region is also endemic, few studies have addressed the KP of
the resident population and these were mostly directed to animal owners, including three
studies performed in Portugal [7-9]. In these studies, 83—91% of the owners heard of animal
leishmaniasis, but only 38.6% of human leishmaniasis. Hearing of leishmaniasis was
significantly associated with non-rural areas and academic degree. Concerning health
professionals, studies directed at KP of veterinary doctors have been performed in the
Mediterranean region, generally focusing on the epidemiology and clinical approach to
canine leishmaniasis [10-13]. However, in this region, medical doctors and environmental
health technicians (EHTs), as well as students, have not been systematically included. Lastly,
no studies have attempted to compare the KP of the general population with that of the
professionals/students, even though this approach could help understand if differential
knowledge between groups could explain distinct practices related to leishmaniasis and/or to
arthropod-borne infections in general. The aim of this work is to compare the current
knowledge and practices regarding leishmaniasis among blood donors and health students

and professionals, in Portugal, through the application of an online or paper questionnaire.

2. Methods

Data for this work were collected via two distinct cross-sectional independent studies.
One targeting the population of health students and professionals in Portugal: students
currently enrolled in the course of Medicine, Veterinary Medicine, or Environmental Health
in public or private higher education institutions; actively practicing physicians,
veterinarians, and Environmental Health technicians [14]. Potential participants were
approached by email via universities and professional societies and organizations, providing
the link to access the online, anonymous, questionnaire (built on Redcap®). Answers to the
self-administered sociodemographic and KP questionnaire were collected between July and
December 2022. The second study targeted the population of people who donate blood in
mainland Portugal through the Portuguese Institute of Blood and Transplantation (IPST) or
the Immunohemotherapy departments (IHDs) of public hospitals in the Alentejo and Algarve

regions [15]. Although not representative of the general Portuguese population, this target
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population was chosen due to ease of nation-wide sampling. Participants, distributed
proportionally by municipality, aged between 18 and 65 years old, were selected randomly
in 347 blood collection points, between February and June 2022, and filled in a self-
administered paper sociodemographic and KP questionnaire. For the comparative analysis,
absolute and relative frequencies and hypothesis testing were performed using IBM® SPSS®
Statistics Version 29.0. Descriptive statistics were expressed as absolute frequencies and
percentages for categorical variables or as a median with interquartile ranges (IQRs) for the
continuous variable (age). Comparisons between groups were performed using Pearson Chi-
Square test for categorical variables (or Fisher's exact test in case of failure of the assumptions
of the Chi-square test). For the continuous variable, after checking the assumptions of
normality and homogeneity of the variances, the Kruskal-Wallis test was used, for comparing
more than two independent groups. A value of p < 0.05 was considered statistically

significant.

3. Results

In total, 3763 blood donors, 254 students and 232 professionals were included in the
comparative analysis. Female sex was predominant among students and professionals, but
not among blood donors. Findings from the knowledge and practices questions are
summarized in Table 1 and Table 2, respectively. Over 95% of students and professionals had
previously heard of leishmaniasis, compared to only around 70% of blood donors (p <0.001).
Television advertisements and conversation with a veterinarian were common non-academic
sources of information for all groups. Unawareness regarding mode of transmission of
leishmaniasis was more common in blood donors (p < 0.001); arthropod bite was the mode
of transmission most often pointed by participants, especially health students/professionals;
sand flies were identified as the vectors much more commonly by students/professionals than
by blood donors (p < 0.001), who preferentially selected mosquito bites. Over 10% of
participants in every group considered direct contact with animals could be a major route of
transmission. Over 90% of participants in each group admitted leishmaniasis affected

animals; however, only in the professional group over 90% of participants were aware of
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human leishmaniasis. All groups equally acknowledged dogs as the most affected animal
species (p = 0.319) and recognized the endemic status of the disease (p = 0.085). In humans,
however, endemicity was recognized more often by professionals and less by students (p <
0.001). Leishmaniasis was more often considered treatable (both in animals and in humans)
by professionals than by students or blood donors (»p = 0.001 and p < 0.001, respectively).
Students and professionals were more frequently aware of availability of vaccination against
canine leishmaniasis (p < 0.001) and were almost twice likely to provide it yearly for their
dogs. Use of insecticide/repellent in dogs was reported in similar proportions in all groups (p
=0.317), but use of collars and administration all year round were more frequently stated by
students and professionals (p = 0.001 and p < 0.001, respectively). Regular veterinarian

follow-up (at least once a year) was reported in similar proportions (89.0-96.4%, p = 0.155).
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Table 1. Answers to knowledge questions concerning source of information, route of transmission,
affliction of animals or humans, by group (blood donors, health students, health professionals).

Global blood

donors

Global health
students

Global health

professionals

p-value

Total (n) 3763 254 232
Median age (y) 41 21 38 <0.001
(IQR) (31-48) (19-24) (30-46)
il o )
Heard of leishmaniasis (%) (27;12/'33; 40) (2?3?'233 5 (23(3'2%2) <0.001
Source of information (%)
Television (14(?5'2%43) (1?3'2?13) (92?2'20) <0.001
ok | 32| oo
Route of transmission (%)
DK/CR (52%3?2'7504) (13?/'2%13) (5?2'320) <0.001
Arthropod bite (19;328/'22178) (2357/5220) (2?7?'225) <0.001
Sand fly bite (26](3?1'9522) (14?9%225) (1773'2?7) <0.001
Contact with animals ( 42%32'5378) (311?2?0) (217/22'25) 0.003
Afets animal 09
Species most affected (%)
Dogs (183335337) (13417/5?30) (1§3ii2) 0319
Cats (6332)/21.537) (5%%(?0) (117/1i531) <0.001
PIREHI ) PO () (205?16/.2}118) (2(?()5/524) (2(?01/'2?19) 0.085
Treatable in animals (%) ( 13272/'222 6) (62/71'3’0) (?15;6?)) 0.001
Vaccine available (%) ( 105’22/'2%9 0) (8822/52) (1;32/'120) <0.001
(AR T {56, (1423?;.2%66) (1771(3.214113) (2196?;.220) <0.001
Present in Portugal (%) a 1;311 1) (72%38) ( 1?;5; 6) <0.001
Treatable in humans (%) (7752'/51'288) (851/71':11) (?sSéZ)) <0.001

Abbreviations: n - number; y - years; IQR - interquartile range; DK/CR - don't know/can't remember
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Table 2. Answers to practices questions concerning ownership of dogs, by group (blood donors,
health students, health professionals).

Global blood
donors

Global health
students

Global health
professionals

p-value

Nets in some/all windows/doors 23.7 22.9 15.6 0.017
(%) (848/3572) (58/253) (36/231) '
: 48.1 57.7 35.9
0,
Dog ownership (%) (1775/3688) (146/253) (83/231) <0.001
. Lo 63.8 77.4 63.9
Dog outdoors during nighttime (1055/1653) (113/146) (53/83) 0.004
. - 82.2 77.2 80.7
Use of repellents/insecticides (%) (1320/1605) (112/145) (67/83) 0.317
55.0 59.8 53.7
Spot-on (726/1320) (67/112) (36/67) 0.594
40.9 57.1 50.7
Collar (540/1320) (64/112) (34/67) 0.001
62.8 82.1 73.1
All year round (829/1320) (92/112) (49/67) <0.001
Regular veterinarian follow-up 90.6 89.0 96.4 0.155
(at least once a year) (%) (1472/1625) (129/145) (80/83) '
Use of vaccine against canine 21.7 42.4 425 <0.001
leishmaniasis every year (%) (385/1775) (56/132) (17/40) '

4. Discussion

Awareness of leishmaniasis was high both in blood donors and in health
students/professionals. The role of veterinarians as providers of information regarding
leishmaniasis was highlighted by every group; in this sense, academic training and
continuous education of veterinarians in this disease could be a decisive strategy for control
of leishmaniasis in Portugal, as well as in other zoonotic settings. In blood donors,
identification of phlebotomine sand flies as vectors is insufficient; potential sandfly breeding
sites, such as animal burrows and shelters and leaf litter, differ from mosquito breeding sites
(small or large bodies of water); as such, confusion between these two arthropods could lead
to improper individual management of potential Leishmania vector breeding sites.
Additionally, belief of transmission via direct contact (excluding bites or scratches), even in
professionals, could lead to inadequate isolation measures or rejection of diseased animals.
In blood donors, decreased recognition of potential human infection with Leishmania,

including in endemic areas in Portugal, could implicate a lower perception of individual or
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community risk, even in areas where canine cases are seen, and a low stimulus to implement
animal protective measures. Lower awareness of vaccine availability for dogs and lower
effective implementation by blood donors could also represent barriers to disease control.
Although systematic use of repellents in dogs was consistently reported by
students/professionals and blood donors, the latter were less likely to apply them spanning
all the phlebotomine season (in Portugal, mostly from May to October [16]); other practices
that could be different between groups and impact prevention, such as type of repellent

substance used, frequency and mode of application, were not assessed in these studies.

A national structured plan to control leishmaniasis could overcome some of these
challenges, namely by implementing systematic surveillance and integrated reporting of
animal and human cases of disease and by investing in health education and promotion
concerning vector-borne infections. A limitation of this comparative analysis is that
participants in each group were not equally distributed regarding sex and region of residence,
which could have impacted knowledge, since endemicity of leishmaniasis and access to
information is not homogeneous across the country. Future studies should target a broader
sector of the Portuguese population and could prospectively evaluate the effect of education

in changing practices.

5. Conclusions

Even though canine leishmaniasis is recognized by many blood donors and most
students and professionals, awareness of the disease in humans is less common, highlighting
the importance of promoting an approach to this infection through a One Health lens. Gaps
in knowledge in the general population could explain insufficient protective practices, such
as lower adherence to canine vaccination against leishmaniasis. Health professionals from
different fields could play an important role in promoting health related to vector-borne

infections.
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CHAPTER 5
Epidemiological and clinical aspects of cutaneous and mucosal leishmaniases in Portugal

Abstract

Leishmania infantum, a zoonotic vector-borne parasite, is endemic in the Mediterranean
region, presenting mostly as visceral (VL), but also as cutaneous (CL) and mucosal
leishmaniasis (ML). This study aimed to describe the epidemiological and clinical aspects of
the CL and ML cases diagnosed in mainland Portugal between 2010 and 2020. Collaboration
was requested from every hospital of the Portuguese National Health System. Cases were
screened through a search of diagnostic discharge codes or positive laboratory results for
Leishmania infection. Simultaneously, a comprehensive literature search was performed.
Descriptive statistics and hypothesis testing were performed using IBM® SPSS® Statistics.
A total of 43 CL and 7 ML cases were identified, with a predominance of autochthonous
cases (86%). In CL, immunosuppressed individuals constituted a significant proportion of
patients (48%), and in this group, disseminated CL (22%) and simultaneous VL (54%) were
common. In autochthonous cases, lesions, mostly papules/nodules (62%), were frequently
observed on the head (48%). The approach to treatment was very heterogeneous. ML cases
were all autochthonous, were diagnosed primarily in older immunosuppressed individuals,
and were generally treated with liposomal amphotericin B. The findings suggest a need for
enhanced surveillance and reporting, clinical awareness, and diagnostic capacity of these
forms of leishmaniasis to mitigate underdiagnosis and improve patient outcomes. A holistic
One Health approach is advocated to address the multifaceted challenges posed by

leishmaniases in Portugal and beyond.

Keywords: Leishmania, leishmaniasis, cutaneous, mucosal, Portugal, 2010-2020

1. Introduction

Leishmaniases are a group of diseases caused by protozoan parasites of the genus
Leishmania. These parasites are transmitted by infected female phlebotomine sand flies, and
the disease is zoonotic in most settings [1]. The clinical spectrum of symptomatic disease is

usually grouped into two main syndromes, visceral leishmaniasis (VL) and cutaneous
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leishmaniasis (CL) [1], both of which are endemic and geographically widespread in the
Mediterranean region. In this region, L. infantum, which belongs to the L. donovani complex,
is the etiologic species of most autochthonous human leishmaniasis cases [2]. Infection with
L. infantum, when symptomatic, usually presents as VL, although cases of simultaneous or
independent CL and mucosal leishmaniasis (ML) caused by this species are increasingly
recognized [3]. In the western Mediterranean regions where L. infantum is endemic,
including in Portugal, Phlebotomus perniciosus is the main vector [4], and dogs are the main

reservoir for human infection [5].

Cutaneous leishmaniasis is traditionally considered a rare disease in Portugal, with very
few cases documented prior to 2002 [6]. However, since reporting of CL is not mandatory,
information regarding cases of this clinical form is dispersed between databases of different
hospitals and a few publications in national and international journals and master/doctoral
theses. Most cases described after 2000 are locally acquired and likely caused by L. infantum
(even though species identification was seldom reported [7,8]); few cases suggested imported
disease by dermotropic species from the New World (including those from the L. Viannia
subgenus [9]). ML cases caused by endemic L. infantum have also been described [10,11,12].
In contrast to other European endemic countries, such as France, where CL cases are mostly
imported [13], in Portugal, most published cases seem to be autochthonous. In most of these
countries, however, CL is not regularly monitored at a national level [2]; in Portugal, no
reports or reviews addressed CL nationally, and only one did so at a regional level (in Cova
da Beira and Beira Interior Norte, describing 13 patients [14]). Consequently, the
epidemiology of CL in Portugal is largely unknown, and attention should be focused on
understanding the contexts of endemic disease, as well as the trends in imported cases
following recent waves of migration from and increased travel to dermotropic species

endemic countries, especially those in South America [15].

Therefore, this study aimed to describe the cases of cutaneous or mucosal
leishmaniases diagnosed in hospitals of the Portuguese National Health Service between

2010 and 2020, or reported in the scientific literature in an equivalent period.
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2. Materials and Methods

2.1. Study Population

Mainland Portugal is located in southwest Europe, bordering Spain and the Atlantic
Ocean, and is divided into seven NUTS2 regions and 24 NUTS3 regions [16]. According to
the 2021 national census, the population of mainland Portugal was 9,857,593 inhabitants
[17]. Between 2010 and 2020, hospital-based healthcare services were provided by the
Portuguese National Health Service (NHS) in approximately 100 general and specialized
hospitals in mainland Portugal, according to data from the Directorate-General for Health
(DGS) of Portugal [18]. Some of these hospitals are grouped into hospital centers. By
protocol, every episode of emergency or hospitalization in these hospitals is given a code on
discharge for primary and secondary diagnoses, following the International Classification of

Diseases (ICD).

In this multicenter retrospective study, individuals diagnosed with cutaneous and/or
mucosal leishmaniases in one of the hospitals of the Portuguese NHS, located in mainland
Portugal, between 2010 and 2020, inclusively, were included in this study. Only laboratory
confirmed cases were included, which consisted of the presence of a compatible clinical
picture and meeting at least one of the following criteria: (1) detection of Leishmania DNA
in cutaneous and/or mucosal samples; (ii) visualization of intracellular organisms in
macrophages, compatible with Leishmania amastigotes in biopsy material or cytological
examination; (ii1) growth of Leishmania from a clinical sample inoculated in a specific

culture medium.
2.2. Data Collection

Every hospital or hospital center of the NHS in mainland Portugal was contacted, and
collaboration in this study was requested. Cases in each included hospital were screened
through a search of the following diagnostic discharge codes: 085, 085.1, 085.2, 085.3, 085.4,
085.5, 085.9 (ICD-9); B55, B55.1, B55.2, B55.9 (ICD-10). In hospitals where codification
of diagnosis was incomplete or unavailable for the whole or parts of the period of analysis,

the listing of cases was complemented by searching skin/mucosa samples in which
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Leishmania DNA was detected by PCR and cytology, as well as histopathology reports in
which observation of Leishmania amastigotes was mentioned. Sociodemographic and
clinical data for the cases identified was extracted from the medical records of each episode,
codified, and inserted into a digital database. Data extraction was carried out by different
professionals; a common database was used, and a protocol for filling in the required

information was provided to every collaborator.

Additionally, a comprehensive literature search was performed on 3 March 2024 by
sourcing National Library of Medicine (NLM) resources through PubMed
(https://pubmed.ncbi.nlm.nih.gov/, accessed on 3 March 2024) using the following Boolean
string: (“cutaneous” OR “mucosal” OR “mucocutaneous”) AND “leishmaniasis” AND
“Portugal”. Search results were saved as a comma-separated value (CSV) file, and
subsequently imported into Microsoft Excel® (Version Office 365, Microsoft Corp,
Redmond, USA) Study eligibility was manually assessed. All records were screened
according to the title and abstract, if available. Only studies published between 2011 and
2022 and in which at least one of the affiliations of the authors was a Portuguese hospital
were included. This time frame was selected to match the cases diagnosed in the hospitals
between 2010 and 2020, considering a 1-2 year delay between the diagnosis and publishing
of the cases. Only case reports or series of confirmed cutaneous and/or mucosal

leishmaniases were retained, including those published in English or Portuguese languages.

Cases of CL/ML obtained from the two sources (hospitals and publications) were
matched, considering the following individual details, whenever available: age and sex of
patient, comorbidities, region of residence at the time of diagnosis, year of admission to the
hospital, diagnostic techniques, and treatment strategy. For duplicated cases, data from both
sources were merged into a single entry in the final database. Categorical variables extracted
from the clinical records or scientific articles were analyzed, mostly using the categories
provided as options in the standardized database, but regrouping was performed in some
cases. NUTS regions and municipalities were defined according to the latest organizational
definition, implemented in 2024. The term “migrant” was used for people born abroad. Cases

were defined as autochthonous if no species other than L. infantum was identified and if (a)
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there was no lifetime history of travel or residence abroad in CL endemic regions (any of the
countries listed as endemic by the WHO for 2022 [19]); (b) there was a history of travel or
residence in CL endemic region(s), but it occurred more than 12 months before the beginning
of symptoms, and there was no change in immune status since the stay abroad; (c¢) or there
was no information regarding travel history. Cases not meeting any of these criteria were
considered as imported. Time to presentation represented the amount of time elapsed since
the beginning of signs/symptoms related to leishmaniasis and the first visit to healthcare
providers/institutions. Time to diagnosis represented the amount of time elapsed since
presentation to healthcare providers and the confirmation of the diagnosis of leishmaniasis
(according to the criteria above). Time to treatment was measured as the amount of time
elapsed since the confirmation of diagnosis and the start of Leishmania directed therapy. For
the purposes of this study, a patient was considered immunosuppressed if one or more of the
following conditions were present: HIV infection with a CD4 cell count <500/uL; any
primary immunodeficiency; active solid or hematologic malignancy; prior solid organ or
bone marrow transplantation; current treatment with  immunosuppressive/
immunomodulatory drugs (as listed in [20]). The types of lesions were defined according to
clinical records. Disseminated CL was defined by the presence of over 10 lesions in multiple
non-contiguous sites; MCL (mostly associated with L. braziliensis complex) was defined as
a condition in which, following (or simultaneously with) a non-adjacent primary cutaneous
lesion, parasites disseminate towards the mucosa; ML was defined as a condition in which
localized Leishmania lesions in the mucosa occur without primary skin involvement, or in
which skin involvement presents concurrently only in contiguous areas [21]. Non-
improvement was defined as persistence or worsening of signs/symptoms, despite
appropriate therapy, and was assessed at seven and thirty days after starting treatment. These
two timeframes were defined by the authors to allow homogeneous data collection regarding
outcome in the different hospitals involved. European guidelines propose a definition of non-
response for CL as no clinical improvement at four weeks after start of therapy [21]. Relapses
were defined as recurrence of signs/symptoms and positive culture/PCR/microscopy in a
skin/mucosa sample after completing primary treatment with clinical improvement at 30

days.
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2.3. Statistical Analysis

Mean annual incidence of CL was estimated based on the following formula: Incidence
= (New Cases)/(Population x Timeframe), considering a timeframe of 11 years and an at-
risk population, for each region, consisting of the average value between the number of
inhabitants estimated in the census of 2011 and the census 0f 2021, according to the National
Institute of Statistics [17]. The corresponding 95% confidence intervals (Cls) for the

incidence rate were obtained using a substitution method [22].

Descriptive statistics and hypothesis testing were performed using IBM® SPSS®
Statistics Version 29.0. Bar charts were built using Microsoft® Excel®. Geographical

representation and analysis of results were achieved using QGIS® Version 3.22.

For categorical variables, absolute frequencies and percentages were calculated.
Symmetric continuous variables were summarized by means with standard deviations, and
asymmetric continuous variables (e.g., age, lesion size) by medians with interquartile
intervals (IQIs). Missing or unknown data were excluded from denominators, unless stated

otherwise.

Comparisons between CL and ML were performed using the Pearson Chi-square test
(CST) for categorical variables, or Fisher’s exact test (FET), in case of failure of the
assumptions of the CST. For continuous variables, after checking the assumptions of
normality and homogeneity of the variances, the Mann—Whitney U test (MWT) was used for

comparing two independent groups.

3. Results

Data from 42 of the 45 hospitals or hospital centers in mainland Portugal were available
for analysis. A total of 42 cases of CL and 7 cases of ML were diagnosed between 2010 and
2020 in the hospitals included. A total of 79 articles were obtained from the PubMed database
search. Of these, six articles were selected, according to selection criteria, representing a total

of three cases of CL [8,9,23] and three cases of ML [10,11,12]. Of these cases, five were
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matched with cases retrieved through the hospital searches. Consequently, combining the

two sources of data, 43 cases of CL and 7 cases of ML were available for analysis.
3.1. Sociodemographic Characteristics and Comorbidities

Sociodemographic characteristics of CL/ML cases are represented in Table 1. The
median age was 48 years old (IQI 33—-61.2) and was significantly higher in ML patients
compared to CL patients (66 vs. 47, p =0.026, U = 71.0). Male sex was predominant globally
and in both forms of leishmaniasis. Seven cases of CL (16.3%) were imported (from Brazil
n =3, Morocco n = 2, Mexico n = 1, Tunisia n = 1); all cases of ML were autochthonous.

Migrants represented approximately 25% of the patients diagnosed.
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Table 1. Sociodemographic characteristics and comorbidities of leishmaniasis cases, globally and by

form of disease.

Global CL ML p-value
Number 50 43 7
. 48 47 66 0.026
Median age, years (IQI) [33 - 61.25] [33 - 59] [50 - 75] (U=710)
68.0 69.8 57.1 0.666
Male sex (%) (34/50) (30/43) (417 (FET)
Country of birth (%)
: 75.6 72.5 100
Native (34/45) (29/40) (5/5) 0.313
. 24.4 27.5 0 (FET)
Migrant (11/45) (11/40) [1] (0/5)
Origin of infection (%)
86.0 83.7 100
Autochthonous (43/50) (36/43) 717 0.573
14.0 16.3 0 (FET)
Imported (7/50) (7/43) [2] (0/7)
Immunosuppression (%)
Yes 48.0 46.5 57.1 0.697
(24/50) (20/43) ) (FET)
2.0 0 14.3
Unknown/Not reported (1/50) (0/43) W
HIV infection/AIDS
32.7 34.9 16.7 0.649
Yes (%) (16/49) (15/43) (1/6) (FET)
78.6 84.6 0 0.214
CD4 cell count <200/uL (%) (11/14) (11/13) (0/1) (FET)
Chronic pharmacologic immunosuppression (%)
. . 12.2 9.3 33.3 0.151
Inflammatory/autoimmune diseases [3] (6/49) (4/43) [4] (2/6) [5] (FET)
4.1 2.3 16.7
Other (2/49) (1/43) (1/6) [7]
Chronic dysfunction/condition (%)
Yes 28.6 194 83.3 0.005
(12/42) (7/36) [8] (5/6) [9] (FET)

[1] Brazil n = 4; Cape Verde n = 2; Guinea-Bissau n = 1; Morocco n = 1; S8o Tomé e Principe n = 1; Senegal n = 1; unknown n = 1
[2] Brazil n = 3; Morocco n = 2; Mexicon =1; Tunisian=1
[3] Systemic lupus erythematosus n = 2; Ankylosing spondylitis n = 1; Crohn's disease n = 1; Psoriasis n = 1; Reumatoid arthritisn =1

[4] Adalimumab n = 1, Adalimumab+methotrexate n = 1, Methotrexate n = 1, Methotrexate+prednisolone n = 1

[5] Methotrexate n = 1; Mycophenolate mofetil+prednisolone n =1

[6] Lymphoman=1
[7] Kidney transplant n =1

[8] Chronic kidney disease n = 6; Chronic heart failure n = 1; Chronic obstructive respiratory disease n = 1; Chronic hepatic disease n = 1; Diabetes mellitus n =1

[9] Chronic kidney disease n = 2; Chronic heart failure n = 1; Chronic obstructive respiratory disease n = 1; Diabetes mellitusn =3
Abbreviations: CL - Cutaneous leishmaniasis; ML - Mucosal leishmaniasis; HIV - Human immunodeficiency virus; AIDS - Acquired

Immunodeficiency syndrome; IQI - Interquartile interval; FET - Fisher's exact test
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Immunosuppressing conditions were present in 48.0% of patients, including HIV
infection/AIDS, reported in nearly one-third of patients (78.6% had CD4 cell counts
<200/uL). Additionally, chronic pharmacologic immunosuppression for inflammatory
diseases was reported in 12.2% of patients (n = 6), most commonly consisting of regimens
containing anti-TNFa (n = 2) and methotrexate (n = 3). Chronic organ dysfunction was

present in 28.6% of patients, especially those with ML (p = 0.005, FET).

Of the 50 cases of CL/ML identified, 46 were considered primary (or incident) cases,
and 4 were relapsing cases (first episode diagnosed before 2010). The estimated annual
incidence of CL/ML in mainland Portugal between 2010 and 2020 was 0.036 cases/100,000
population/year. Table 2 and Figure 1 show the number of cases of CL/ML diagnosed
between 2010 and 2020 and the estimated annual incidence in this period by NUTS2 and
NUTS3 region.

Figure 1. Estimated mean annual incidence, per 100,000 population, between 2010 and 2020 of

cutaneous leishmaniasis by NUTS3 region.
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Table 2. Number of cases of cutaneous and mucosal leishmaniasis diagnosed between 2010 and 2020,
inclusively, and mean annual incidence in this period, per 100,000 population, by NUTS2 and NUTS3
region.

Average population  Number of MCE ST
in2011-2021*  CL/ML cases . C-/ML ~ 95%Cl
incidence**
Mainland Portugal 9,951,765 39 0.036 0.024-0.047
Norte 3,638,134 7 0.017 0.006-0.033
Alto Minho 238,051 0 0 NA
Cavado 413,387 0 0 NA
Ave 421,933 0 0 NA
Area Metropolitana do Porto 1,747,876 4 0.021 0.003-0.046
Alto Tamega 89,195 0 0 NA
Tamega e Sousa 420,776 1 0.022 0.001-0.120
Douro 194,516 1 0.047 0.001-0.260
Terras de Tras-os-Montes 112,399 0 0 NA
Centro 1,695,204 13 0.070 0.037-0.119
Regido de Aveiro 368,898 3 0.074 0.015-0.216
Regido de Coimbra 448,500 0 0 NA
Regido de Leiria 290,692 0 0 NA
Viseu Ddo Lafoes 260,205 2 0.070 0.008-0.252
Beira Baixa 103,597 1 0.088 0.002-0.489
Beiras e Serra da Estrela 223,312 5 0.204 0.066-0.475
Oeste e Vale do Tejo 823,948 0 0 NA
Oeste 363,025 0 0 NA
Médio Tejo 219,266 0 0 NA
Leziria do Tejo 241,657 0 0 NA
Grande Lisboa 2,052,392 13 0.058 0.031-0.098
Peninsula de Setubal 793,651 3 0.034 0.007-0.100
Alentejo 489,259 1 0.019 0.000-0.069
Alentejo Litoral 97,183 0 0 NA
Baixo Alentejo 120,777 0 0 NA
Alto Alentejo 111,714 1 0.081 0.002-0.453
Alentejo Central 159,585 0 0 NA
Algarve 459,174 2 0.040 0.005-0.143

*Arithmetic mean between the population size estimated in the National Census of 2011 and 2021.
**Number of new cases per 100,000 population, per year. Based on the following formula: Incidence = (New Cases) / (Population x Timeframe)
Abbreviations: CL - cutaneous leishmaniasis; ML - mucosal leishmaniasis; NA - not applicable; CI - confidence interval
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3.2. Clinical Aspects of CL

Globally, the median time from onset of symptoms to presentation to healthcare
services was 16 weeks (IQI 8-48), and the median time from presentation to diagnosis was
16 days (IQI 7-35). Hospital admission occurred in 60.5% of patients and was significantly
more common in immunosuppressed patients (77.3% of cases; p = 0.021, 2 = 5.324, df =

).

The clinical aspects of autochthonous cases of CL (n = 36) are represented in Table 3.
Approximately 40% of patients had multiple lesions; the median size of the largest lesion
was 30 mm (IQI 10—40). The most common type of lesion was a papule/nodule (present in
62.1% of patients), followed by an ulcer (24.1%). The head was the most common anatomical
location (48.3%), followed by the upper and lower limbs (each in 31.0%). Skin bacterial
superinfection was reported in 11.1% of cases. The lesions were similar in
immunosuppressed and non-immunosuppressed patients, except that they were more
frequently localized in the trunk (p = 0.002, FET) and were painful (p = 0.037, FET) in the
former group. Additionally, 54.5% of immunosuppressed patients had simultaneous VL,
contrasting with 4.2% in the non-immunosuppressed group (p <0.001, CST, 42 = 14.369, df
= 1). Disseminated CL was only seen in immunosuppressed patients, occurring in 22.2% of

these cases (n = 4, all of them people living with HIV).
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Table 3. Clinical presentation and management of autochthonous cutaneous leishmaniasis cases

between 2010 and 2020.

Type of lesion (%)

62.1
Papule/Nodule (18/29)
24.1
Ulcer (7/29)
Macule/Plaque é?ég)
Multiple lesions (%) (f;:g)
L . 30
Median size of largest lesion, mm (IQI) [10 - 40]
Location of lesions (%)
48.3
Head (14/29)
. 31.0
Upper limps (9/29)
Lower limps (::;/122)
20.7
Trunk (6/29)
Disseminated cutaneous leishmaniasis (%) (i,zgg
Local pain (%) (25?2(5))
. . . 11.1
Skin superinfection [1] (%) (3127)
Simultaneous visceral leishmaniasis (%) (isé%)
Technique used in skin/mucosa sample (%)
. 100
Microscopy (31/31)
Positive result (31093%)
Polymerase chain reaction é?gg
Positive result ?57?
I . 19.4
Identification of species [3] (%) (6/31)
Serology (%)
Yes [2] (:;tg
% positive :())37/8?
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Treatment of primary episode (%)

Yes (3552)
Median time from diagnosis to treatment, days (IQI) [0 _431]
Monotherapy (gsg/é%)
Systemic (?2'3%)
Topical (27?3'03)
Side effects (12/51:?)

Outcome of treatment (%)
Improvement at 7 days g(/)lg)
Improvement at 30 days (173'221)
Switch of treatment/retreatment (non-improvement) (15?2'5)
Relapse (25/5%)

[1] Methicillin-sensitive Staphylococcus aureus n = 1; Pseudomonas aeruginosa n = 1; non-identified n = 1
[2] Immunofluorescent antibody test n = 5; unknown n = 4
Abbreviations: 1QI - interquartile interval

Skin samples of autochthonous CL cases were mostly obtained by biopsy, and by
smear/scrapping in only in 2.4% of cases. Microscopy was used in all cases and was positive
in 100% of these cases. PCR was used in 28.6% of cases and was positive in 85.7% of these.
Leishmania species/complex was identified in 19.4% of cases (by molecular biology
techniques); all belonged to the L. donovani complex (n = 6). Successful identification was
available for 4/7 imported cases (L. donovani complex: n=2, L. Viannia sp.: n=2). Serology
was used as part of the diagnostic workup in 34.6% of cases and was positive in 37.5% of
these. Treatment for CL was introduced in 93.8% of patients, and the median time from
diagnosis to treatment was four days (IQI 0-31). Most patients were treated with
monotherapy (92.5%). Systemic treatment was used in 80.0% of patients and significantly
more frequently in immunosuppressed patients (p = 0.033, FET). Detailed strategies used for
primary treatment of patients who had exclusively CL (without simultaneous visceral
involvement) (n = 20) are represented in Figure 2. Improvement by day 7 or 30 after starting
therapy was mentioned in 60.0 and 76.2% of patients, respectively, and was not significantly

different in immunosuppressed patients. Switching to a different regimen or retreatment due
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to non-improvement was implemented in 19.2% of patients. Relapse was reported in two

patients, both immunosuppressed.

Figure 2. Strategies used for primary treatment of patients with autochthonous exclusively cutaneous
leishmaniasis (no evidence of simultaneous visceral involvement) (n = 20).

30

20

% of patients

10

Treatment strategy

Abbreviations: LAmB - liposomal amphotericin B; IL - Intralesional; IV/IM - Intravenous/intramuscular; MA - meglumine antimoniate

Time from presentation to diagnosis was the only variable that differed significantly
between NUT?2 regions (p =0.037, KWT =6.616, df = 2), being shorter in the Norte, followed
by AML and Centro.

3.3. Clinical Aspects of ML

Leishmaniasis with mucosal involvement (n = 7) represented ML in all cases (no cases
of MCL were identified). One patient was a person living with HIV, three were
immunosuppressed for other reason, and two were non-immunosuppressed adults (one not

defined). In five cases, only the nasal mucosa was involved (one with septal perforation), and
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in one case, both the oral and the nasal mucosa were involved. All cases were diagnosed by
biopsy of the lesions and identification of amastigotes using microscopy, and PCR was used
additionally in five cases. All cases were treated with liposomal amphotericin B except one,
which was treated with IV meglumine antimoniate. One patient, who presented with

simultaneously VL, died.

4. Discussion

The present study reinforces that the incidence of autochthonous CL cases seems to be
lower than that of VL at a national level [24], although marked differences were noted
between the NUTS2 and NUTS3 regions. Few data were previously available in the country
and were mostly derived from case reports and case series, since no national reporting system
is in place [25]. These data already suggested that the Beiras e Serra da Estrela region could
be an important focus of CL [14], which was also pointed out in the present study. Recent
cases revealed in this study in regions where CL has not been previously described in the
literature, such as the Aveiro region, should be further investigated. Additionally, further
studies could help elucidate whether or not this heterogeneity could be explained by an
increased clinical awareness in certain regions or the presence of a distinct, particularly
dermotropic L. infantum genotype. In support of the first hypothesis, it should be noted that
in areas of neighboring Spain, the incidence of autochthonous CL was similar to that of VL
[26]; however, CL notification is mandatory in Spain, as opposed to the protocol for Portugal
[2] and in the present study, the underestimation of CL incidence could be due to inadequate

coding at the hospital level and insufficient laboratory information.

Imported CL still represents a minority of cases in Portugal, as opposed to other
European endemic countries, such as (metropolitan) France [27]; however, this could be
expected to change in upcoming years due to increasing migration from CL endemic
countries, such as Brazil [15]. Since no systematic clinical screening program is implemented
in migrant populations in Portugal, leishmaniasis cases, especially (spontaneously resolving)

CL, could go unnoticed and translate into an underestimation of imported cases.
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In the autochthonous CL group, 48.0% were immunosuppressed, and in this group,
54.5% presented with simultaneously VL, which suggests that immunosuppressed people
with CL benefit from a more intensive diagnostic workup in a setting where most CL is
assumed to be caused by L. infantum [28]. Overall, time from onset of symptoms to
presentation to healthcare and time from presentation to diagnosis were long, likely
reflecting, on one hand, low concern of the patients for the lesions and, on the other hand,
the low awareness of clinicians of the disease, or their unfamiliarity with the availability and
performance of diagnostic techniques. In terms of lesion characteristics, the findings of the
present study overlap those of other case series in the Mediterranean context, where L.
infantum is endemic and includes frequent multiple lesions, a lower prevalence of ulcerated
lesions compared to nodules/papules or plaques, and a predominance of head/neck lesions

[3,29].

According to the present study, the diagnosis of CL in Portugal between 2010 and 2020
relied mostly on microscopy. As PCR was performed in only 42.1% of cases, Leishmania
species was not identified in all imported cases, and therapy was commonly selected based
on the probable geographical location of the infection. However, species identification in
New World CL could have implications for individual management, especially in areas
where multiple species co-circulate, since species in the Viannia subgenus, especially L.
braziliensis, have been more frequently associated with MCL, requiring initial screening for
this form and longer follow-up time [30]. On the other hand, species identification in Old
World CL could be of public health interest, in the context of surveillance and assessment of
risk of introduction of species such as dermotropic L. tropica. This anthroponotic species has
been reported as the most imported species from refugees [31], and Phlebotomus sergenti, a
specific vector of L. tropica, is widely distributed in Southern Europe, including in Portugal

[32].

Treatment of CL cases was very heterogeneous but often relied on systemic therapy,
especially IV/IM in immunosuppressed patients, which is in accordance with European

recommendations [21]. Overall, rates of non-improvement (or failure) at 30 days after
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starting treatment (23.8%) were similar to those reported in previous studies in settings where

L. infantum is endemic [3].

Although mucosal involvement is more commonly associated with L. (Viannia) sp.,
ML is increasingly recognized in the Old World in the context of L. infantum infection and
especially in immunosuppression [33]. In the present study, seven cases were identified, all
were autochthonous, and two were not immunosuppressed. Nose and throat physicians in
endemic regions should be alert to the presentation, diagnostic approach, and management
specificities of ML, particularly in regards to non-immunosuppressed patients and lesions

located in the oral, pharyngeal, and laryngeal mucosa.

Finally, this study presents some limitations, beginning with the fact that in some
hospitals, not all information was collected due to a lack of collaboration or the absence of
patient consent. The coding of the diagnosis for inpatients was not uniformly performed and
digitalized in every hospital for the whole duration of the study period, and coding for
outpatients was irregularly performed in hospitals, so cases were screened via laboratory
results, whenever feasible. Some hospitals required internal personnel to access information,
so in some cases, interpretation of variables could be different, despite using the same
database. Regarding the literature review of CL cases diagnosed in Portugal, a notable
limitation may arise from the possibility that further cases might have been reported solely
in national journals not indexed in PubMed or exclusively presented at conferences or

congresses.

5. Conclusions

This study sheds light on the epidemiological and clinical landscape of CL and ML in
Portugal between 2010 and 2020. While the incidence of autochthonous CL was low, CL
was more common than previously reported, but still less common than in neighboring
countries, possibly translating into significant underdiagnosis. Regional disparities highlight
the importance of localized surveillance efforts. Programs to control leishmaniasis should

focus not only on reducing underreporting, but also on raising awareness for the disease’s
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different clinical forms among healthcare practitioners and providing tools for earlier
diagnosis. Clinical suspicion should be particularly heightened for immunosuppressed

people, who are disproportionately affected.

The present findings also underscore the potential for the underestimation of imported
CL cases, particularly in the context of increasing migration from endemic regions, in the
absence of systematic clinical screening programs. Given the implications for individual
management and public health surveillance, there is a need for greater emphasis on species

identification in imported cases.

Systematically combining clinical and national surveillance data could allow for a more
detailed assessment of the epidemiologic situation and an evaluation of the progress in
clinical practice, uncovering gaps that need to be addressed in the near future. In order to
improve the overall outcome for leishmaniasis patients, human data should also be integrated
with data from vectors and mammal hosts to produce holistic strategies to control the disease

in several stages of the life cycle, following a One Health approach.
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Abstract

Background. Leishmania infantum is endemic in the Mediterranean region, presenting
mostly as visceral leishmaniasis (VL). In Portugal, reporting of VL cases to public health
authorities is mandatory, but significant underreporting is likely. This study aimed to describe
the epidemiological and clinical aspects of the VL cases diagnosed in hospitals of the
Portuguese National Health Service (NHS), between 2010 and 2020.

Methods. Collaboration was requested to every hospital of the Portuguese NHS in Mainland
Portugal. Cases were screened through a search of diagnostic discharge codes or, if not
available, by a search of positive laboratory results for Leishmania infection.
Sociodemographic and clinical data was retrieved from medical records. Simultaneously, the
National Health authority was contacted to request access to data of notified cases of VL
between 2010 and 2020. Descriptive, hypothesis testing and multiple binary logistic

regression models were performed.

Results. A total of 221 VL cases were identified. A significant increase in estimated national
incidence was seen in the years after 2016 (P =0.030). VL was predominantly diagnosed in
people living with HIV (PLWH) and in children (representing around 60% of the new cases),
but the outcome was generally poorer in non-HIV patients with associated
immunosuppression, with significantly lower rates of clinical improvement at 7 (P =0.003)
and 30 days (P =0.008) after treatment. Atypical presentations, with gastrointestinal and/or
respiratory involvement, were seen in 85% of VL cases. Hemophagocytic
lymphohistiocytosis was diagnosed in 40.0% of children under 5 years of age. Only 49.7%
of incident VL cases were reported. Simultaneous involvement of the skin was confirmed in
5.9% of patients.

Conclusions. VL presents a continuing threat in Portugal, especially to PLWH and children,
and an increasing threat to other immunosuppressed groups. Recent increases in incidence
should be closely monitored to allow prompt interventions. Programs to control the disease
should focus on providing tools for earlier diagnosis and on reducing underreporting and

promoting an integrated surveillance of human and animal disease. These data should be
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combined with asymptomatic infection and vector information, following a One Health

approach.

Keywords: Leishmania, Leishmaniasis, Visceral, People living with HIV, Children, Portugal

1. Background

Leishmaniases are a group of diseases caused by protozoan parasites of the
genus Leishmania. These parasites are transmitted by phlebotomine sand flies, and the
disease is zoonotic in most settings [1]. Clinical spectrum of symptomatic disease is usually
grouped into two main syndromes, visceral leishmaniasis (VL) and cutaneous leishmaniasis
(CL) [1], both of which are endemic and geographically widespread in the Mediterranean
region. In this region, L. infantum, which belongs to the L. donovani complex, is the etiologic
species of most autochthonous human leishmaniasis cases [2]. Infection with L. infantum,
when symptomatic, usually presents as VL, although cases of simultaneous or independent

CL and mucosal leishmaniasis caused by this species are increasingly recognized [3].

In the western Mediterranean regions where L. infantum is endemic, including in
Portugal, Phlebotomus perniciosus is the main vector [4], and dogs are considered to be the
main reservoir for human infection [5]. Increasing evidence suggests that cats [6] and some

wild animals (such as leporids [7]) may also play a relevant epidemiological role.

An important share of symptomatic L. infantum infection in Southern Europe has been
described in people living with human immunodeficiency virus (HIV) and children [8].
However, cases in the context of non-HIV related immunosuppression have been recently
increasingly described, including solid organ transplant recipients and patients with
autoimmune and inflammatory diseases chronically medicated with immunosuppressive
drugs [9].

In the period from 2005 to 2020, 5813 VL cases were reported to the WHO in the

European region [10]. The cumulative incidence in this period per 100,000 population of VL
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was highest in Albania (2.15 cases), followed by Montenegro, Malta, Greece, Spain and
North Macedonia (0.53-0.42), Italy (0.16), Portugal (0.09). However, for several countries,
incidence estimates according to hospital discharges were significantly higher than calculated

using WHO reported cases [10].

In Portugal, reporting of VL cases to central public health authorities is mandatory, as
part of a passive surveillance system. The most recent findings from this system showed that
6 to 14 cases were reported per year between 2014 and 2018 [11], although this likely
represents a significant underreporting of cases, as revealed in a previous study where,
between 1999 and 2009, only 38.6% of cases diagnosed in public hospitals were notified to
central public health authorities [12].

This study aimed to describe the epidemiological and clinical aspects of the cases of
VL diagnosed in hospitals of the Portuguese National Health Service, between 2010 and

2020, as well as those reported to public health authorities over the same period.

2. Methods

2.1. Study population

This multicenter retrospective study targeted all cases of leishmaniasis diagnosed in
public hospitals in Mainland Portugal, between 2010 and 2020. Mainland Portugal is located
in Southwest Europe, bordering Spain and the Atlantic Ocean. According to the 2021 national
census, the population of mainland Portugal was 9,857,593 inhabitants [13], of which
542,165 (5.2%) were born abroad [14]. Mainland Portugal is divided into five NUTS2 (from
the French Nomenclature des Unités Territoriales Statistiques, Nomenclature of Territorial
Units for Statistics) regions, 23 NUTS3 regions (Supplementary Fig. 1 and Supplementary
Table 1), 278 municipalities and 2882 parishes. Between 2010 and 2020, hospital-based
healthcare services were provided by the Portuguese National Health Service in 102 to 111
general and specialized hospitals in Mainland Portugal, according to data from the
Directorate-General for Health (DGS) of Portugal [15]. Some of these hospitals are grouped

in Hospital Centers. Every episode of admission to these hospitals as an emergency or
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inpatient is given a code on discharge for primary and secondary diagnoses, following the
International Classification of Diseases (ICD). Mandatory notifications of VL cases to central
health authorities, initially done in paper format, have, since 2014, been submitted through

an electronic platform, the National Epidemiologic Surveillance System (SINAVE) [16].

Individuals diagnosed with VL in one of the hospitals of the Portuguese National
Health Service, in Mainland Portugal, were included in this study. No age restrictions were
considered, and both inward and outpatient settings were accepted. Only laboratory
confirmed cases were included. This consisted of the presence of a compatible clinical picture
and meeting at least one of the following criteria: (i) Detection of antibodies
against Leishmania in serum; (ii) Detection of Leishmania DNA in any biological sample;
(ili)  Visualization of intracellular organisms in  macrophages, compatible
with Leishmania amastigotes in biopsy material or cytological examination; (iv) Growth

of Leishmania from any clinical sample inoculated in a specific culture medium.
2.2. Data collection

Every hospital or hospital center was contacted and collaboration in this study was
requested. Cases in each included hospital were screened through a search of diagnostic
discharge codes: 085, 085.0, 085.9 (ICD-9); B55, B55.0, B55.9 (ICD-10). In hospitals where
codification of diagnosis was incomplete or unavailable for the whole or parts of the period
of analysis, listing of cases was complemented by searching positive Leishmania serology
results and positive Leishmania DNA detection by Polymerase Chain Reaction (PCR) in the
database of the Pathology laboratory. Additionally, cytology and histopathology reports (all
types of samples) were screened for the keyword “Leishmania”. Reports where the word was
identified were thoroughly read and selected for analysis if they mentioned observation
of Leishmania amastigotes. Sociodemographic and clinical data of the cases identified
(including clinical presentation, underlying conditions/comorbidities, diagnosis,
management, and outcome) was extracted from the medical records of each episode, codified,
and inserted into a digital database. Data extraction was carried out by different professionals;
a common database was used and a protocol for filling in the required information was

provided to every collaborator.
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Simultaneously, the DGS was contacted and access to notified cases of VL between
2010 and 2020 was requested. Sociodemographic and clinical data of these cases was
provided by the DGS in a codified database. Cases of VL obtained from the two sources
(hospitals and notifications) were matched, considering the following individual details: age
and sex of patient, municipality of residence at the time of diagnosis, date of notification or
admission to hospital. For duplicated cases, data from both sources was merged into a single

entry in the final database.

Categorical variables extracted from the clinical records or notifications were analyzed
mostly using the original categories provided as options in the standardized database, but
regrouping was performed in some cases. Non-improvement was defined as persistence or
worsening of signs/symptoms or laboratory changes, despite appropriate therapy, and was
assessed at seven and thirty days after starting treatment. These two timeframes were defined
by the authors to allow homogeneous data collection regarding outcome in the different
hospitals involved. Clinical improvement in VL (with resolution of fever) is usually evident
at seven days, according to previous knowledge [1]. In addition, European guidelines propose
a definition of non-response for VL as no clinical improvement at four weeks after start of
therapy [17]. Relapses were defined as recurrence of signs/symptoms and positive
culture/PCR/microscopy in blood or other biological sample after completing primary
treatment with clinical improvement at 30 days. Other definitions, classifications or
categories used for data collection and presentation in this study are presented in

Supplementary Table 2.
2.3. Statistical analysis

Annual mean incidence of VL was estimated based on the following formula:
Incidence = (New Cases) / (Population x Timeframe), considering a timeframe of 11 years
and an at-risk population, for each region, consisting of the average value between the
number of inhabitants estimated in the census of 2011 and the census of 2021, according to
the National Institute of Statistics [13]. The corresponding 95% confidence intervals (CIs)

for the incidence rate were obtained using a substitution method [18].
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Descriptive statistics and hypothesis testing were performed using IBM® SPSS®
Statistics (Version 29.0, IBM Corp, Armonk, United States of America - USA). Bar charts
were built using Microsoft® Excel® (Version Office 365, Microsoft Corp, Redmond, USA).
Geographical representation and analysis of results was obtained using QGIS® (Version

3.22, Open Source Geospatial Foundation, Beaverton, USA).

For categorical variables, absolute frequencies and percentages were calculated.
Symmetric continuous variables were summarized by means with standard deviations and
asymmetric continuous variables (e.g., age, analytical values) by medians with interquartile
intervals (IQIs). Missing or unknown data were excluded from denominators, unless stated

otherwise.

For analysis of clinical variables, VL patients were distributed in four groups: children
5 years old or younger; non-immunosuppressed individuals over 5 years old; people living
with HIV (PLWH); and non-HIV infected immunosuppressed individuals. Comparisons
between these groups were performed using Pearson Chi-Square test (CST) for categorical
variables; or Fisher’s exact test (FET) in case of failure of the assumptions of the CST. For
continuous variables, after checking the assumptions of normality and homogeneity of the
variances, the Mann-Whitney U test (MWT) or the Kruskal-Wallis test (KWT) were used,
for comparing two or more independent groups, respectively. To compare survival
distributions between two or more groups, the logrank test was used. A value of P <0.05 was

considered statistically significant.

To identify sociodemographic and clinical factors associated with non-improvement at
7 days after starting treatment and non-reporting of VL cases, multiple binary logistic
regression models were explored, analyzing variables with statistical meaning in the
univariate analysis (P <0.20) and some biologically relevant or potentially confounding
variables. For those variables that remained significant, crude odds ratio (OR) were updated
to adjusted odds ratio (aOR) with 95% CI. The Hosmer—Lemeshow test was used for
assessing goodness of fit in each multiple logistic regression model [19]. The reference

categories used for each independent variable are specified in each results table.
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3. Results

3.1. Sociodemographic characteristics and comorbidities

Data from 42 of the 45 hospitals or hospital centers in Mainland Portugal was available

for analysis.

Sociodemographic characteristics

221 cases of VL were diagnosed between 2010 and 2020 in the hospitals included: 201 as
primary (or incident) cases and 20 as relapsing cases (first episode diagnosed before 2010).

Of the 114 cases provided by the DGS, notified during this period, all but 13 were also

identified through the hospital searches.

Table 1. Sociodemographic characteristics of visceral leishmaniasis cases diagnosed in public

of VL cases are represented in Table 1. A total of

hospitals in Mainland Portugal in 2010-2020.

Number 221
. 41
Median age, years (1Ql) [28-50]
74.2
o)
Male sex, % (n) (164/221)
Region of diagnosis (NUTS2), % (n)
17.2
Norte (38/221)
15.8
Centro (35/221)
- . . 49.8
Area Metropolitana de Lisboa (110/221)
. 5.9
Alentejo (130221
11.3
Algarve (25/221)
Country of birth, % (n)
. 80.9
Native (157/194)
. 19.1
Migrant [1] (37/194)
Origin of infection, % (n)
98.6
Autochthonous (214/217)
Imported 1.4

(3/217) [2]

Travel/residence abroad in the previous

Yes

8.9
(9/101)
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Occupation, % (n)
24.2
Unemployed (23/95)
. 17.9
Retired (17/95)
. : 29.5
Service and sales, craft and industry (28/95)
. 17.9
Agriculture and elementary (17/95)
Professionals, technicians and 8.4
clerical support (8/95)
Type of home, % (n)
58.3
Detached house (35/60)
18.3
Apartment (11/60)
23.3
Other [3] (14/60)
Regular contact with domestic animals, % (n)
73.4
Yes (58/79)
98.0
Dogs (50/51)
13.7
Cats 151)
17.6
Other(s) [4] (9/51)

[1] Angola n = 9; Cape Verde n = 6; Guinea-Bissau n = 5; Brazil n = 4; Sdo Tomé e Principe n = 3;

Mozambique n = 2; Senegal n = 1; Eritrean = 1; Sweden n = 1; Ukrainen=1

[2] Brazil n = 2; East African=1

[3] Homeless n = 7; Shelter or nursing home n = 6; Prison n =1

[4] Cattle/sheep/goat n = 3; birds n = 7; rabbit n = 2;

Abbreviations: 1QI - Interquartile interval

Median age was 41 years old (IQl: 28-50) and male sex was predominant. Age

distribution of cases of VL is represented in Fig. 1. Approximately half of the cases were
diagnosed in hospitals in the Lisbon Metropolitan Area (Area Metropolitana de Lisboa -
AML) region. Only three cases (1.4%) were imported (from Braziln=2 and East
Africa n=1). Migrants represented approximately 20% of patients diagnosed, most of them
born in sub-Saharan Africa (27/33) or Brazil (4/33). The two most common occupation status
reported, accounting for around half of all patients, were unemployment (24.2%) or working
in commerce/industry (29.5%). Patients reported living in a detached house (58.3%),
apartment (18.3%) or other (23.3%, including shelter, nursing home, prison or homeless).

Contact with domestic animals was common (73.4%), especially dogs. Moreover, close
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contact with animals with leishmaniasis was described for 9/57 of patients. No clear
seasonality was seen in respect to month of presentation of autochthonous primary episodes
to healthcare, although March and June accounted for the most admissions or first

consultations (12.0% and 11.5% of total, respectively).

Figure 1. Age distribution (in years) of cases of visceral leishmaniasis diagnosed in 2010-2020

(n=221).
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Immunosuppressing conditions were present in 60.6% of patients. HIV infection/AIDS
was reported in 53.5% of patients. Median CD4 cell count at time of diagnosis was 59.0/uIL
(85.1% of patients had counts <200/ul). Chronic pharmacologic immunosuppression for
inflammatory diseases was reported in 10.8% of patients and other causes of
immunosuppression included: solid organ transplant (n=4), hematopoietic stem cell
transplant (n=1), solid organ malignancy (n=4) and hematologic malignancy (n=2).
Immunosuppressing conditions and comorbidities of leishmaniasis patients are represented
in Table 2.
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Table 2. Immunosuppressing conditions and comorbidities of visceral leishmaniasis patients
diagnosed in public hospitals in Mainland Portugal in 2010-2020.

Immunosuppression, % (n)

60.6
Yes (134/221)
Unknown/Not reported (188/'2121)
HI1V infection/AIDS
53.5
Yes, % (n) (108/202)
_ 59.0
Median CD4 cell count, /uL (1Q1) [21.5-127.0]
CD4 cell count <200/pL, % (n) (g%/ié)
Detectable viral load, % (n) (235/5%)
80000

Median viral load, cp/mL (IQI) [220-631400]

Chronic pharmacologic immunosuppression, % (n)

. . 10.8
Inflammatory/autoimmune diseases (21/194)
. . . 11.8
Anti-TNFa containing regimen (217)
. . 58.8
Methotrexate + corticosteroid (10/17)
. . 235
Isolated corticosteroid @
5.9
Other [1] W
. 2.3
Solid organ transplant [2] (4173)
Chronic dysfunction/condition, % (n)
. . 7.9
Diabetes mellitus (14/178)
o . 12.5
Chronic kidney disease (22/178)
. . 13.3
Chronic liver disease (24/181)
. . 51
Chronic pulmonary disease (9/178)
. . 3.9
Chronic heart failure (7/181)

[1] Azathioprine+corticosteroid n = 1; mycophenolate mofetil+corticosteroid n = 1
[2] Kidney n=3; livern=1

Abbreviations: 1QI — Interquartile interval; HIV - Human immunodeficiency virus; AIDS -
Acquired Immunodeficiency syndrome; TNF - Tumor Necrosis Factor
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The estimated incidence of VL by year and by NUTS2 region is represented in Fig. 2.
Globally, there was a significant decrease in incidence from 2010 to 2015-2016 (P =0.001,
CST); however, incidence subsequently increased and, in 2019-2020, it was significantly
higher than in 2015-2016 (P =0.030, CST). The Alentejo, Algarve and Centro regions
presented increasing incidence in the 2017—2020 period. Figure 3 shows the incidence of VL
by NUTS3 and municipality. The number of cases of VL diagnosed between 2010 and 2020,
inclusively, and the incidence in this period by NUTS2 and NUTS3 region are also provided
in Table 3. In the study period, the estimated incidence was highest in the Algarve (0.495
cases /100,000 population /year) and lowest in the Norte NUTS2 region (0.095 cases
/100,000 population /year).

Figure 2. Yearly incidence of visceral leishmaniasis between 2010 and 2020 per 100,000 population,
in Mainland Portugal and in each NUTS (Nomenclature of Territorial Units for Statistics) 2 region.

15

Incidence (/100,000)

- Algarve

Centro
Alentejo

), | Norte
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Abbreviations: AML - Area Metropolitana de Lisboa Year
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Figure 3. Mean annual incidence between 2010 and 2020, per 100,000 population, of visceral
leishmaniasis by: a) NUTS (Nomenclature of Territorial Units for Statistics) 3 region; b)

municipality.
a) Alo Ninto b)
\iseu Caollf o
G 0.022-0.057 R [ 1 0-0.058
[ 0.057-0.099 [ 0.058-0.194
[ 0.099-0.15 [ 0.194-0.388
Il 0.15-0.21 B 0.388-0.602
@l 0.21-0.404 B 0.602-0.851
@ 0.404-0.527 Bl >0.851

Abbreviations: AML — Area Metropolitana de Lisboa; AMP — Area Metropolitana do Porto
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Table 3. Number of cases of visceral leishmaniasis diagnosed in public hospitals in Mainland
Portugal between 2010 and 2020, inclusively, and estimated mean annual incidence in this period,
per 100,000 population, by NUTS (Nomenclature of Territorial Units for Statistics) 2 and NUTS3

region.
Average population Number of VL mean annual 95% C]
in 2011-2021* VL cases incidence**

Mainland Portugal 9,951,765 201 0.184 0.159-0.211
Norte 3,638,134 38 0.095 0.067-0.130
Alto Minho 238,051 1 0.038 0.001-0.213
Céavado 413,387 1 0.022 0.001-0.120
Ave 421,933 2 0.043 0.005-0.156
Area Metropolitana do Porto 1,747,876 15 0.078 0.044-0.129
Alto Tamega 89,195 3 0.306 0.063-0.894
Tamega e Sousa 420,776 6 0.130 0.048-0.282
Douro 194,516 4 0.187 0.051-0.479
Terras de Tras-0s-Montes 112,399 5 0.404 0.131-0.944
Centro 2,277,497 38 0.152 0.107-0.208
QOeste 363,025 5 0.125 0.041-0.292
Regido de Aveiro 368,898 4 0.099 0.027-0.252
Regido de Coimbra 448,500 9 0.182 0.083-0.346
Regido de Leiria 290,692 1 0.031 0.008-0.174
Viseu Déo Lafbes 260,205 6 0.210 0.077-0.456
Beira Baixa 84,907 3 0.321 0.066-0.939
Médio Tejo 237,956 7 0.267 0.108-0.551
Beiras e Serra da Estrela 223,312 3 0.122 0.025-0.357
Area Metropolitana de Lishoa 2,846,042 81 0.259 0.206-0.322
Alentejo 730,917 19 0.236 0.142-0.369
Alentejo Litoral 97,183 1 0.094 0.002-0.521
Baixo Alentejo 120,777 7 0.527 0.212-1.086
Leziria do Tejo 241,657 4 0.150 0.041-0.385
Alto Alentejo 111,714 6 0.488 0.179-1.063
Alentejo Central 159,585 1 0.057 0.001-0.317
Algarve 459,174 25 0.495 0.320-0.731

*Arithmetic mean between the population size estimated in the National Census of 2011 and 2021.
**Number of new cases per 100,000 population, per year. Based on the following formula: Incidence = (New Cases) / (Population x Timeframe)
Abbreviations: VL - visceral leishmaniasis; ClI - Confidence interval
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3.2.1. Clinical manifestations and laboratory alterations

Epidemiological and clinical aspects of visceral leishmaniasis in Portugal

Clinical presentation aspects of incident VL primary episodes are summarized in

Table 4 globally and by group: children 5 years of age or younger (CU5), non-

immunosuppressed adults and children over 5 years old (NISA), people living with HIV

(PLWH) and non-HIV infected immunosuppressed adults (ISA).

Table 4. Clinical presentation characteristics of visceral leishmaniasis primary episodes, diagnosed
in public hospitals in Mainland Portugal, and incident between 2010 and 2020, globally and by group.

Global |  cuUs |  NISA | PLWH ISA P-value
Number 194 34 35 82 25
Median time from onset to presentation, weeks 4 2 5 4 4 0.01
(o)) [15-11] [1-3.5] [1-19] [2-14] [175-9] | (H=11326, df=23)
Department of consultation/ward, % (n) |
- 40.9 0 182 66.7 375
Infectious Diseases (67/164) (0/29) (6/33) (52/78) (9/24)
Internal Medicine 34.8 0 69.7 321 375 <0.001
(57/164) (0/29) (23/33) (25/78) (9/24) s
Pediatrics 201 100 o1 0 42 (excluding CUS)
(33/164) (29/29) (3/33) (0/78) (1/24)
other 6.7 0 6.1 13 333
(11/164) (0/29) (2/33) (1/78) (8/24)
Hospital admission, % (n) 945 100 96.9 911 95.8 0.363
(155/164) (29/29) (31/32) (72/79) (23/24) (FET)
. . 20 135 22 22 28 0.04
Median duration, days (1Q1) [12-36] [9.0-17.75] [11-49.5] [12-45.75] [17-345] | (H=13.247,df=3)
Critical care, % () 8.8 0 0 130 16.7 0.012
(14/160) (0/27) (0/32) 10/77) (4/24) (FET)
. . 85 N/A N/A 8.5 9.0 0.734
Median duration, days (1Q1) [4.25-13.75] [45-17.25] | [2.75-13.75] (U=0.116)
Signs/Symptoms, % (n) |
Solenomeaal 90.0 100 87.9 932 75.0 0.011
P galy (153/170) (30/30) (29/33) (69/74) (18/24) (FET)
Fever 71.9 96.6 69.7 59.7 70.8 0.004
(115/160) (28/29) (23/33) (40/67) (17/24) | (2=13.254, df =3)
- 39.0 395 39.0 30.0 39.1 0.029
0
Median highest value, °C (1Ql) [38.6-40.0] | [39.0-40.0] | [38.75-40.0] | [38.2-39.2] | [39.0-40.0] | (H=09.046,df=3)
Hepatomeal 718 63.3 60.6 88.0 56.5 0.001
patomegaly (122/170) (19/30) (20/33) (66/75) (13/23) | (#=15.826,df=3)
Eatiae 69.8 29.6 813 75.0 76.2 <0.001
g (113/162) (8/27) (26/32) (54/72) (16/21) (= 23.27, df = 3)
Anorexia 52.5 29.6 516 54.3 50.1 0.124
(84/160) 8127) (16/31) (38/70) (13/22) (2 =5.755, df = 3)
Weidht loss 49.7 13.0 56.7 57.6 36.4 0.001
g (75/151) (3/23) (17/30) (38/66) (8/22) (/2= 15.74, df = 3)
- 443 50.0 48.4 448 30.4 0.498
66/149 14/28 15/31 30/67 7123 =2377,df=3)
Gastrointestinal signs/symptoms / | | / / %
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Respiratory signsfsymptoms 28.3 25.9 25.8 29.6 30.4 0.964
(43/152) (7127) (8/31) (21/71) (7/123) (¥*=0.279,df=3)
Lymphadenopathy 23.0 143 29.0 275 13.0 0.272
(37/161) (4/28) (9/31) (19/69) (3/23) (4 =3.902, df = 3)
Skin/mucosal hemorrage [1] 22.1 10.7 156 271 333 0135
(35/154) (3/28) (5/32) (19/70) (8/24) (¢ =5.534,df=3)
Neurological signs/symptoms 14.3 71 129 15:3 217 0519
(22/154) (2/28) (4/31) (11/72) (5/23) (FET)
Peripheral edema 12.8 0 125 16.4 174 0.097
(19/149) (0/27) (4/32) (11/67) (4/123) (FET)
L . 96.9 96.6 97.0 96.0 100 1
Abdominal image obtained, % () [2] (155/160) (28/29) (32/33) (72/75) (23/23) (FET)
Analytical changes, % (n)
Anemia 98.9 100 97 100 100 0.533
(173/175) (30/30) (32/33) (77177) (25/25) (FET)
. 7.6 6.7 8.1 1.7 7.6 0.267
Median lowest value, g/dL (1Q1) [6.6-8.5] [6.3-7.3] [7.3-8.7] [6.65-8.45] [6.7-8.8] | (H=2642,df=3)
Thrombocytopenia 90.2 90.0 87.5 90.9 88.0 0.930
(157/174) (27/30) (28/32) (70177) (22/25) (FET)
64000 76000 54000 69000 39000 0.026
Median lowest value, /ul (IQI) [36500- [47500- [31000- [44000- [16000- (H=7271 df=2)
112000] 120250] 106500] 116500] 92000] o
Leukopenia 88.3 65.5 87.1 94.8 96 <0.001
(143/162) (19/29) (27/31) (73177) (24/25) (FET)
Median lowest value, /ul (IQI) 2000 3450 1685 1765 1300 0.250
’ [1272-2670] | [2597-4850] | [1025-2255] | [1200-2300] | [1077-1925] | (H=2.769,df=2)
C-reactive protein elevation 93.1 92.9 96.9 0.8 95.7 0.744
(148/159) (26/28) (31/32) (69/76) (22/23) (FET)
R 88.0 88.0 113.0 68.9 125.7 0.027
Median highest value, mg/L (IQ1) [44.6-136.2] | [49.0-1156] | [65.55-136.8] | [31.05-132.0] | [60.0-229.0] | (H =7.254,df=2)
Acute kidney failure 14.6 0 16.1 13.2 34.8 0.004
(23/157) (0127) (5/31) (10/76) (8/23) (FET)
. . - . 6.2 34 12.9 5.2 4.2 0.464
Liver failure/decompensated chronic liver disease (10/161) (1/29) (4/31) @) (1/24) (FET)
<
Hemophagocytic lymphohistiocystosis, % (n) 1 49/'1547) &3'205) © /%1) © /%7) (41f/621) ('SI'EOTO)l
Coinfection/superinfection, % (n) 14.6 34.5 290 50.7 435 0.163
' (23/157) (10/29) (9/31) (38/75) (10/23) (¥*=5.122,df=3)

[1] Lower gastrointestinal tract n = 10; ecchymosis/hematoma/petechiae n = 8; epistaxis n = 7; hemoptysis n = 7; gingival n = 3; upper

gastrointestinal tract n = 1; vaginaln = 1

[2] Ultrasonography 72.3% (112/155); computed tomography scan 53.5% (83/155)

Abbreviations: 1QI - Interquartile interval; FET - Fisher's exact test; CU5 - children 5 years of age or younger; NISA - non-
immunosuppressed adults and children over 5 years old; ISA - non-HIV infected immunosuppressed adults; PLWH - people living with HIV

Median time from onset of signs/symptoms to first presentation to healthcare was 4

weeks globally (IQI: 2-11) and was significantly different between groups (shorter in
children under 5 years old, P=0.010, H=11.326, df = 3). In ISA, median time from start of

immunosuppressive therapy to onset of signs/symptoms was 16 weeks (I1Ql: 12-66). Over

90% of patients in all groups were admitted as inpatients. Median duration of hospitalization

was 20 days (1QI: 12—-36) and was significantly different between groups: shortest in children
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[14] and longest in ISA [27] (P =0.040, KWT, H=13.247, df = 3). Admission to critical care
was only observed in ISA (16.7%) or in PLWH (13.0%). Fever was the most common
presenting symptom (71.9%), followed by fatigue (69.8%), anorexia (52.5%) and weight loss
(49.7%). Compared to NISA, fever was significantly less common in PLWH and more
common in CU5, and the highest temperature was lower in PLWH and higher in CUS5.
Splenomegaly was detected in 90.0%, hepatomegaly in 71.8% and lymphadenopathy in
23.0%. Frequent laboratory abnormalities included: anemia (98.9%), thrombocytopenia
(90.2%), leukopenia (88.3%), C-reactive protein (CRP) elevation (93.1%) and hepatic
cytolysis or cholestasis (55.7%). Acute kidney failure was detected on admission in 14.6%
of patients and was more common in ISA (P =0.004, FET). Criteria for HLH were met in 14
patients: 10 CU5 (40.0% of cases) and 4 in ISA (16.7%). Considering primary episodes and
relapses, atypical presentations were diagnosed in 14 patients (8.5%), representing 12.8% of
PLWH and 16.7% of ISA. Involvement was: colorectal (n = 6), duodenal/ileal (n=7), gastric
(n=4), peritoneal (n=1), pleural (n= 1), and bronchial (n=1). Simultaneous involvement
of the skin (with CL) was confirmed in 5.9% of patients. Coinfection/superinfection was
detected in 42.4% of patients, without significant differences between groups, and was
caused by the microbiological agents described in Supplementary Fig. 2. Respiratory and
oropharyngeal/esophageal infections were the most common and Candida sp.

and Escherichia coli were the most implicated microorganisms.
3.2.2. Diagnosis

Diagnosis, treatment, and outcome aspects of incident VL primary episodes are
summarized in Table 5, globally and by group. Median time from presentation to diagnosis
was 10 days (4.5-19.5) and was significantly different between groups: shortest in CU5 (5.5
days) and longest in ISA (17.5 days) (P=0.011, KWT, H=11.192, df =3). Samples most
frequently used for direct diagnosis were: bone marrow (94.1%) and blood (25.0%).
Techniques most often used in bone marrow samples were: microscopy (95.6%), PCR
(41.6%), and culture (22.7%). Positivity rate was similar for PCR, microscopy, and culture
(81.7%, 80.9% and 75.0%, respectively) and was not significantly different between groups.

In blood samples, PCR was the technique most used for direct diagnosis (70.3%) and was
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positive in 73.1% of cases. In all cases in which Leishmania species identification was

attempted and successful (n=159), L. donovani complex was identified (by molecular biology

techniques). Serologic techniques were used in 52.5% of patients, most commonly

immunofluorescent antibody test (73.3%) and enzyme-linked immunosorbent assay (17.8%).

Serology was positive in 82.9% of patients, ranging from 72.4% in PLWH to 92.3% in CUS5,

although this difference was not statistically significant (P = 0.482, FET).

Table 5. Diagnosis, treatment, and outcome aspects of visceral leishmaniasis primary episodes,
diagnosed in public hospitals in Mainland Portugal, and incident in the period between 2010 and

2020, globally and by group.

Global CU5 NISA PLWH ISA P-value
Median time from presentation to 10 55 11.0 10 17.5 0.011
diagnosis, days (1QI) [4.5-19.5 [2.25-12.5] [5.5-30.0] [4.0-17.5] [9.5-30.0] (H=11.192, df = 3)
Samples used (direct diagnosis), % (n)
94.1 96.4 100 93.4 82.6 0.058
Bone marrow (160/170) (27/28) (34/34) (7L/76) (19/23) (FET)

; 91.4 81.5 97.1 93.0 89.5 0.158
Aspirate (139/152) (22/27) (33/34) (66/71) (17/19) (FET)
Biops 50.7 59.3 50.0 46.5 57.9 0.639

Psy (77/152) (16/27) (17/34) (33171) (11/29) (2 =1.692, df = 3)

Blood 25.0 34.8 17.9 13.7 13.6 0.166
(37/148) (8/23) (5/28) (20/73) (3122) (FET)
Technique used in bone marrow sample,
% (n)
: 95.6 92.3 96.7 97.3 95.5 0.609
Microscopy (152/159) (24/26) (29/30) (Tu73) (u22) (FET)

" 80.9 66.7 75.9 83.1 90.5 0.193
Positive result (123/152) (16/24) (22/29) (59/71) (19/21) (FET)

: - 41.6 60.9 32.3 38.2 47.4 0.158
Polymerase chain reaction (621149) (14/23) (10/31) (26/68) (9/19) (2= 5194, df = 3)

o~ 81.7 78.6 60.0 87.5 88.9 0.315

Positive result (49/60) (11/14) (6/10) (21/24) (819) (FET)

Culture 22.7 9.5 20.0 29.2 11.8 0.200
(32/141) (2/21) (6/30) (19/65) (2117) (FET)

Technique used in blood sample, % (n)
: - 17.8 34.8 17.9 13.7 13.6 0.166
Polymerase chain reaction (26/146) (8123) (5/28) (10/73) (3/22) (FET)

i~ 73.1 87.5 60.0 80.0 333 0.321

Positive result (19/26) (7/8) (3/5) (8/10) 3) (FET)
Serology, % (n)
Yes [1] 52.5 54.2 69.7 414 50.0 0.063
(83/158) (13/24) (23/33) (29/70) (11/22) (2=7.288,df = 3)

" 82.9 92.3 86.4 72.4 81.8 0.482

Positive result (68/82) (12/13) (19/22) (21/29) (9n1) (FET)
Samples sent to reference laboratory, % 40.0 55.0 44.0 31.1 474 0.216
(n) (50/125) (11/20) (11/25) (19/61) (9/19) (42 = 4.463, df = 3)
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Yes 99.4 100 100 98.7 100 1
(161/162) (27/27) (32/32) (78179) (24/24) (FET)
Median time from diagnosis to 0 0 0 0 0 0.787
treatment, days (1Q1) [0-1] [0-1] [0-0.2] [0-0.2] [0-4.75] (H = 1.060, df = 3)
. : 21 21 21 21 24 0.031
Median duration of treatment, days (IQl) [10-38] [7.75-21.0] [10.0-21.0] [10.0-38.0] [11.0-38.0] (H=9.894, df = 3)
: . 98.8 92.6 100 100 100 1
Liposomal amphotericin B monotherapy (158/160) (25/27) (32/32) (7177) (24/24) (FET)
: 30.5 9.5 423 25.0 455 0.025
Side effects (40/131) (2/21) (11/26) (15/60) (10/22) (2 =9.365, df = 3)
Outcome of treatment, % (n)
L 3 2 3 3 6 0.008
Median time to defervescence, days (IQl) [1.75-5] [1.0-3.0] [1.0-3.0] [2.0-5.5] [2.5-10.5] (H=11.823, df = 3)
88.6 100 96.6 87.1 69.6 0.003
Improvement at 7 days (132/149) (27/27) (28/29) (61/70) (16/23) (FET)
96.4 100 100 98.5 82.6 0.008
Improvement at 30 days (135/140) (25/25) (27127) (64/65) (19/23) (FET)
. 3.9 3.6 3.2 2.7 8.3 0.583
Switch of treatment/retreatment [2] (61153) (w28) wa1) @3) (2124 (FET)
. : 4.3 0 0 5.2 13.0 0.066
Death in current episode (7/163) (0/30) (0/33) (4177 (3123) (FET)
Relapse
Rate (episodes/patient-year) 0.112 0 0 0.175 0.147 0.578
I . 12 15 6 0.009
Median time to first relapse, months (1QI) [7.05.33.5] N/A N/A [95-36.0] [5.0-11.0] (U= 48.0)
T 29.7 4.3 0 54.9 16.7 <0.001
Secondary profilaxis initiated [3], % () (44/1148) (1/23) (0/30) (39/71) (4124) (2 =43.327, df = 3)
Follow-up in consultation, % (n)
Yes 93.3 92.3 96.9 915 95.2 0.813
(140/150) (24126) (31/32) (65/71) (20/21) (FET)
16.9 13.6 3.4 24.2 15.8 0.080
Cure test performed [4] (23/136) (3/22) (1/29) (16/66) (3/19) (FET)
e 49.7 75.8 50.0 40.0 50.0 0.006
Notification of case to SINAVE, % (n) (92/185) (25/33) (18/36) (36/90) (13/26) (2 =12.353, df = 3)

[1] Immunofluorescent antibody test (33/45); Enzyme-linked immunosorbent assay (8/45); Western Blot (5/45); k39 rapid diagnostic test (2/45)

[2] Due to side effects n = 3; Due to non improval n = 3

[3] Liposomal amphotericin B n = 42; Miltefosine n = 1; unknown n =1

[4] Bone marrow microscopy n = 12; PCR in blood n = 10
Abbreviations: 1QI - Interquartile interval; FET - Fisher's exact test; CU5 - children 5 years of age or younger; NISA - non-immunosuppressed adults and
children over 5 years old; ISA - non-HIV infected immunosuppressed adults; PLWH - people living with HIV; SINAVE - Sistema Nacional de Vigilancia

Epidemioldgica

3.2.3. Treatment and outcome

In most cases, treatment was initiated on the same day of diagnosis (median time 0

days, 1QI: 0-1). Liposomal amphotericin B (LAmB) was used for primary treatment in 98.8%

of cases and meglumine antimoniate for the rest (n =2, both CUS5). Side effects were reported

globally in 30.5% of patients (n =40) and were significantly less common in CUS5 (P =0.025,

CST, ¥ 2=9.365, df=3). The reported side effects included: acute kidney injury and/or

hypokalemia (19.8%, n=26), hepatotoxicity (n=4), vomiting and/or diarrhea (n=4),
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fever/shivering (n = 3), myalgia (n =2), anaphylaxis (n=1). In PLWH, antiretroviral therapy
was initiated or reinitiated in 48.6% of patients; one case of paradoxical immune
reconstitution inflammatory syndrome was documented. In ISA, withdrawal of
immunosuppressive drugs or reduction of dose was done in 66.7% of cases. Median time to
defervescence after initiation of anti-Leishmania therapy was 3.0 days (IQI: 1.75-5) and was
significantly shorter for CU5 and longer for ISA (P=0.008, KWT, H=11.823, df =3).
Improvement by day 7 after initiation of anti-Leishmania therapy was documented in 88.6%
of cases, ranging from 69.6% in ISA to 87.1% in PLWH and 100% in CU5 (P =0.003, FET).
Improvement by day 30 after initiation of therapy was documented in 96.4% of patients and
was over 95% in all groups except ISA (82.6%, P =0.008, FET). Death occurred in seven
cases (4.3%): four PLWH (5.2%) and three ISA (13.0%). Secondary prophylaxis was
implemented in 54.9% of PLWH, but in only 16.7% of ISA (P =0.001, y 2=10.599, df = 1);
drugs used for prophylaxis were LAmMB (97.7%) and miltefosine (2.3%). Cure tests were
performed for 16.9% of patients, especially PLWH, and median time to cure test was 6.1

weeks after completing primary treatment (1QIl: 3.25-23.5).
3.2.4. Relapses

In total, there were 151 episodes of relapse in the study period, affecting 61 patients.
The number of relapses per patient ranged from 1 to 9. Relapses were documented only in
PLWH and in ISA, at a similar rate: 0.175 and 0.147 episodes per patient-year, respectively
(P=0.578, CST). Relapse-free survival was significantly higher for PLWH than for ISA at
nine months follow-up (P=0.023,¥2=5.203,df=1) but not at 48 months
(P=0.453, y2=0.562, df = 1) (Fig. 4a). Relapse-free survival was slightly higher for patients
on any prophylaxis in the first 10 months after a primary VL episode or a relapse (Fig. 4b),
but this difference did not reach statistical significance (P=0.396, y 2=0.720, df=1 for
primary episodes; P=0.674, y2=0.177,df=1, for relapses). Rate of relapse was
significantly higher in the 12 months after a relapse than after a primary episode, either with
or without prophylaxis (P=0.023, y2=5.195,df=1;P=0.012, y 2=6.364, df =1,
respectively). Use of LAmB for prophylaxis at doses of 4-5 mg/kg every 2-3 weeks was

associated with significantly higher relapse-free survival at 12 months than doses of 3-
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4 mg/kg every 4 weeks, for primary episodes (P =0.048, y 2=3.893, df=1), but not for
relapses (P =0.862, y 2=0.030, df = 1) (Fig. 4c).
Figure 4. Relapse-free survival of visceral leishmaniasis patients: a) according to group; b) according

to use of prophylaxis and primary/subsequent episode; c) according to dose of liposomal amphotericin
B used and primary/subsequent episode.
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In relapse cases, compared to primary episodes (in PLWH or ISA), time from onset to
presentation was significantly shorter (median 3.0 vs. 4.0 weeks, P=0.030, U=3377.0).
Drugs used for secondary prophylaxis after a relapse included LAmMB (80.5%), miltefosine
(6.5%), and LAmB + miltefosine (6.5%). Outcome of treatment of VL relapses according to
drug used is represented in Table 6. The percentage of episodes with improvement was higher
for combination therapy at 7 (90.0 vs. 80.8%) and 30 days (93.3 vs. 83.5%) after initiation
of  therapy, but  this
(P=0.238, y2=1.395,df=1; P=0.235, FET, respectively).

survival after a relapse was not significantly different for patients treated with monotherapy

difference  was  not  statistically  significant

Subsequent relapse-free
or combination therapy (P=0.816, y 2=0.054, df=1). Side effects were less commonly
reported for LAMB (39.4%), compared to miltefosine (55.6%) or meglumine antimoniate
(71.4%).

Table 6. Outcome of treatment of episodes of relapse of visceral leishmaniasis, diagnosed in public
hospitals in Mainland Portugal in 20102020, according to drug or combination of drugs used.

Baglia P-value
. P-value (LAmB vs
. . Meglumine I LAmMB + LAmMB + (monotherapy - .
Total Monotherapy LAMB Miltefosine I A Combination Miltefosine | Paromomycin Others - (LAm_B Vs miltefosine
Pl LAmB+miltefosine) Vs
combination) .
meglumine)
100 77.3 63.1 6.4 7.8 22.7 17.7 21 2.8
Number, % (n)
(141/141) | (109/141) (89/141) (9/141) (11/141) (32/141) (25/141) (3/141) (4/141) [1]
. 44.0 437 39.4 55.6 71.4 44.8 375 100 50.0 0.914 0.866 0.169
Side effects, % (= 0.012
m (51/116) (38/87) (28/71) [2] | (5/9) [3] (5/7) [4] (13/29) (9/24) [5] (3/3) [6] (1/2) df= 1) (#*=0.028,df = 1) (FET)
Result, % (n)
82.8 80.8 81.4 77.8 77.8 90.0 875 100 100 0.238 0.760 0.798
Improvement at (¢ =1.395
7 days (111/134) | (84/104) (70/86) (719) @19) (27/30) (1/24) @/3) (313) df=1) (FET) (FET)
Improvement at 86.2 83.5 84.0 75.0 875 93.3 91.7 100 100 0.235 0.507 0.852
30 days (106/123) (76/91) (63/75) (6/8) (7/8) (28/30) (22124) (3/3) (3/3) (FET) (FET) (FET)
Subsequent
relapse
Median time to 11.0 11.0 11.0 8.5 11.0 11.0 11.0 14.5 12.0 0.789 0.519 0.536
relapse, months (H=1.248,
(1Q1) [7.0-19.0] [6.5-19.0] [5.0-19.5] | [4.75-14.0] | [8.25-17.5] | [6.5-15.0] | [5.0-13.5] | [11.0-18.0] | [8.0-16.0] | (U =696.5) (U = 403,5) df=2)

[1] LAmB + Meglumine + Voriconazol n = 1; LAmB + Paromomycin + Miltefosine n = 1; Meglumine + Miltefosine n
=1; Meglumine + Paromomycin n = 1
[2] Renal dysfunction n = 20; Fever/shivering n = 2

[3] Diarrhean=5

[4] Pancreatitis n = 5; cardiac toxicity n = 1
[5] Renal dysfunction n = 6; diarrhea/vomiting n = 3
[6] Renal dysfunction n = 2; Ototoxicity n =1

Abbreviations: 1QI - Interquartile interval; LAMB - liposomal amphotericin B
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3.3. Notification of cases and regional differences

Only 49.7% of incident VL cases in 2010-2020 were notified to the National
Epidemiologic Surveillance System; cases in CU5 were significantly more notified
(75.8%, P=0.006, y 2=12.353, df =3). The percentage of cases notified was significantly
different according to the region of the hospital: Norte 45.7%, Centro 69.7%, AML 44.0%,
Alentejo 81.8%, and Algarve 70.8% (P =0.007, y 2=14.106, df =4); notification was not
significantly different for patients admitted to Internal Medicine (45.6%) or Infectious
Diseases departments (46.3%, P =0.942, y 2=0.005, df=1).

The main regional differences in presentation and management of VL are summarized
in Table 7. The Alentejo was the region with a lower percentage of cases in PLWH/ISA and
a higher percentage in CU5. In the Algarve and the Alentejo regions more patients were
admitted to Internal Medicine vs. Infectious Diseases departments and time from presentation
to diagnosis was longer in these regions. Use of serology for diagnosis was more common in

the Alentejo, and less common in the Algarve.
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Table 7. Presentation and management of incident visceral leishmaniasis cases diagnosed in public
hospitals in Mainland Portugal in 2010-2020, by NUTS2 region of residence: Norte, Centro, Area
Metropolitana de Lisboa, Alentejo and Algarve.

| Global | Norte [ Centro AML Alentejo Algarve | P-value |
Number, n 194 37 36 79 18 24
. 18.9 20.6 17.4 16.7 35.3 13 0.449
Children under 5 years old, % (n) (33/175) (7134) (4123) (13/78) (6/17) (3123) (FET)
Immunosuppressed patients, % (n) 611 50.0 65.2 69.2 35.3 65.2 0.060
' 10775) | (17/34) (15/23) (54178) (6/17) (15/23) | (2=9.027, df = 4)
46.9 29.4 47.8 61.5 17.6 435 0.002
PLWH, % (n) 821175) | (10/34) (11/23) (48/78) 3117) o3 | = 164,012
Median time from onset to presentation, 4.0 3.0 8.0 4.0 2.0 2.0 0.086
weeks (1Q1) [15-11.0] | [1.0-12.0] | [25-17.0] | [20-100] | [1.04.0] | [L05.5] | (H=8.152 df=4)
Department of consultation/yard, % (n) |
Internal Medicine 435 34.6 35.3 33.3 62.5 85.0
(57/131) (9/26) (6/17) (20/60) (5/8) (17/20) <0.001
Infectious Diseases 51.1 46.2 58.8 66.7 25.0 15.0 (FET)
(67/131) (12/26) (10/17) (40/60) (2/8) (3/20)
Hospital admission, % (n) 94.5 87.1 89.5 97.4 93.3 100 0.094
: (155/164) (27/31) (17/19) (74176) (14/15) (23/23) (FET)
Median duration, days (1Q) 20.0 16.5 29.0 20.0 16.0 29.0 0.290
: [12.0-36.0] | [7.0-35.25] | [13.0-41.0] | [11.75-32.75] | [11.0-23.0] | [14.0-56.0] | (H =4.973, df=4)
Median time from presentation to 100 120 8.0 8.0 150 200 _ 0.004 _
diagnosis, days (IQ1) [45-195] | [25-265] |[2.25-20.75] | [4.0-150] | [7.050.0] | [8.0-60.0] | 7 15;;13’ df =
Samples used (direct diagnosis), % (n) |
Bone marrow 94.1 87.9 88.0 98.7 929 95.7 0.054
(160/170) (29/33) (22/25) (74175) (13/14) (22/23) (FET)
Blood 17.8 27.6 5.9 13.6 41.7 13.6 0.066
(26/146) (8/29) @A (9/66) (5/12) (3/22) (FET)
Technique used in bone marrow sample,
% (n)
Microscopy 95.6 92.6 91.7 95.9 100 100 0.609
(152/159) | (25127 (22124) (70/73) (13/13) (22122) (FET)
41.6 39.3 435 44.6 76.9 10.0 0.004
PCR (62/149) | (11/28) (10123) (29/65) (10/13) @roy | = 15204, df =
Culture 22.7 46.4 22.7 355 22.2 0 0.002
(32/141) (13/28) (5/22) (22/62) @/9) (0/20) (FET)
52.5 46.9 60.0 59.1 69.2 22.7 0.022
Serology, % () (83/158) (15/32) (15/25) (39/66) (9/13) Gl2) | ¥= 11;300' df =
Samples sent to reference laboratory, % 40.0 333 111 46.3 80.0 27.3 0.014
() (50/125) (10/30) (1/9) (25/54) (8/10) (6/22) (FET)
Treatment of primary episode, % (n) |
Median tme from diagnosis to treatment, 0.0 0.0 1.0 0.0 0.0 0.0 _ 0.001 _
days (1QI) [0.0-10] | [00-30] | [0.025 | [0050] | [0.0-175 | [00-005 | "7 18;384' df =
. . 21.0 21.0 21.0 21.0 21.0 21.0 0.954
Median duration of treatment, days (IQ1) | 1140 35 01 | [10.0-38.0] | [18.0-28.0] | [10.0-38.0] | [11.0-38.0] | [10.0-38.0] | (H = 0.681, df = 4)
Outcome of treatment, % (n) |
Improvement at 7 days 88.6 80.8 76.5 91.4 100 91.3 0.176
(132/149) | (21/26) (13/17) (64/70) (13/13) (21/23) (FET)
Improvement at 30 days 96.4 96.2 92.9 98.5 90.9 95.7 0.306
(135/140) (25/26) (13/14) (65/66) (10/11) (22/23) (FET)
Follow-up in consultation, % (n)
Yes 93.3 100 81.3 915 929 100 0.880
(140/150) (26/26) (13/16) (65/71) (13/14) (23/123) (FET)
Median time to first consultation, days 155 120 215 120 130 0.0 _ 0.004 _
(1Q1) [7.0-30.0] | [7.0-28] |[7.75-43.75] | [5.5-27.0] | [7.0-16.0] | [18.0-55.0] | (M= 15;318' df =
Cure test performed 16.9 28.6 0 16.1 10.0 174 0.236
(23/136) (8/28) (0/13) (10/62) (1/10) (4/23) (FET)

Abbreviations: AML — Area Metropolitana de Lisboa; 1QI — Interquartile interval; FET — Fisher’s exact test; PCR — Polymerase chain reaction; PLWH — people

living with HIV
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3.4. Associations in VL

In univariate analysis, non-improvement at day 7 after initiation of anti-
Leishmania therapy for primary treatment of VL was associated with male sex,
immunosuppression, chronic organ dysfunction, renal failure at admission, severe leukopenia
(<1500/ul), coinfection/superinfection and CRP level over 100 (Table 8a). However, in
multivariate analysis, CRP level over 100 was the only statistically significant factor.

Non-reporting of a VL case was associated in univariate analysis with age over 5 years
old, immunosuppressed status, admission to a hospital located in the Norte or AML region
and admission to a secondary center. In multivariate analysis, age over 5 years old, admission
to a hospital located in the Norte or AML region and admission to a secondary center

remained significant (Table 8b).

Table 8. Potential factors for non-improvement at 7 days after starting treatment and for non-
reporting of primary cases newly diagnosed between 2010 and 2020 in public hospitals in Mainland
Portugal, according to logistic regression models to estimate crude and adjusted odds ratio values.

a) . _ ariate ariate

DI e % n Sample | CrudeOR | 95%Cl | Adjusted OR | 95%Cl | P-value

Male sex 68.5 3.88 [0.85-17.88] 2.66 [0.49-14.41] 0.257

Immunosuppressed 62.4 11.36 [1.47-90.91] 5.71 [0.65-50.0] 0.115

Non-improvement Chronic_organ_ dysfunction 24.6 2.72 [0.93-7.94] 2.79 [0.65-12.05] 0.168

at 7 days Acute kidney injury 15.2 3.82 [1.24-11.76] 1.37 [0.32-5.92] 0.670

Leucocyte count <1500/ul 37.7 3.86 [1.24-12.01] 2.47 [0.62-9.76] 0.199

CRP >100 mg/L 43.6 2.69 [0.93-7.75] 5.18 [1.19-22.22] 0.028

Coinfection/superinfection 415 3.17 [1.03-9.80] 1.62 [0.32-5.95] 0.468

Constant 77.713 <0.001

Hosmer and Lemeshow Test 0.758
b) Potential R acto aone alloe

% in Sample | Crude OR 95% CI Adjusted OR 95% CI P-value

Age >5 years old 17.5 2.78 [1.22-6.32] 4.07 [1.19-13.93] 0.026

Immunosuppressed 60.8 2.11 [1.14-3.92] 1.15 [0.46-2.87] 0.758
Non-reporting | Region of hospital AML or Norte 64.9 3.22 [1.71-6.09] 3.91 [1.74-8.75] <0.001

Secondary center 50.3 2.02 [1.13-3.60] 2.09 [1.03-4.27] 0.042

Non-improvement at 7 days 11.4 1.66 [0.60-4.63] 1.56 [0.50-4.86] 0.446

Constant 0.345 0.310

Hosmer and Lemeshow Test 0.354

Abbreviations: OR - odds ratio; CI - confidence interval; CRP - C-reactive protein; AML - Area Metropolitana de Lishoa
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4. Discussion

The present study raises the attention to the ongoing burden of VL in Portugal,
especially in children and in PLWH and other immunosuppressed patients. Until 2015-16,
the calculated national incidence seems to follow the decreasing trend observed in a study
respective to the 1999-2009 period [12], but in more recent years incidence seems to be
increasing, driven mostly by increasing regional incidence in the Centro, Algarve, and
Alentejo NUTS2 regions. An increasing absolute number of cases in the Algarve region had
already been noted in previous reports [20]. Some NUTS3 regions with highest incidence in
the 2010-2020 period largely overlap the districts where canine seroprevalence was
estimated as highest in a recent study [21], namely Terras de Tras-0s-Montes, Beiras e Serra
da Estrela, Beira Baixa, and Alto Alentejo. Similarly, the Ave, Cavado and Alto Minho
regions were expected to be lower incidence areas, according to canine seroprevalence [20]
and previous human case report data [11]. Regions such as the AML and the Douro region,
traditionally recognized as endemic foci of disease [22] remain so, despite showing an
intermediate incidence in the present study. PLWH continue to represent the major group of
VL cases, other immunosuppressed patients represent an increasing percentage compared to
the 1999-2009 period (12.3 vs. 6.5%) [12]. Children 10 years old or younger, in contrast,
represented only 16.3% of cases vs. 30.4% in the previous decade [12]. This shift in affected
populations could represent a reduced risk of ongoing active primary transmission
of Leishmania and an increased contribution of reactivating infection in a growing
population of immunosuppressed adults. Increasing incidence in more recent years could be
related to changing environmental conditions favoring prolonged vector survival and
geographical expansion, as seen in other areas in Europe, including in Northern Spain [23]
and as expected by modelling [24]. Additionally, the changing epidemiology of the HIV
pandemic could help explain the evolution of VL incidence since 2000, taking into
consideration progressive decreasing incidence of new diagnosis of HIV infection and of
AIDS in Portugal [25]. The Algarve is the region with the second highest HIV infection
incidence in recent years, after the AML [25]; approximately 85% of cases of VL diagnosed

in PLWH occurred in the setting of CD4 cell counts <200/ul and, according to the most
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current data, 37.9% of PLWH are still diagnosed at this stage [25]. In summary, these
findings suggest that, in the Mediterranean context, control of HIV infection, including early
diagnosis and prevention of transmission is a cornerstone in controlling VL. Predominance
of male sex has been described previously in Portugal and in other Mediterranean countries

[10] and has been attributed to biological factors, besides sociocultural determinants [26].

Imported disease still represents a minority of cases in Portugal, opposed to other
European endemic countries such as (metropolitan) France [27]; however, this could be
expected to change in upcoming years, in relation with increasing migration from VL
endemic countries such as Brazil, India and Nepal [28]. Since no systematic clinical
screening program is implemented in migrant populations in Portugal, leishmaniasis cases
could go unnoticed and translate into an underestimation of imported cases. On the other
hand, even though migrants represent only 5.2% of the Portuguese national population [28],
they represented 19.1% of VL cases; these cases were mostly autochthonous, in people born
in non-endemic sub-Saharan African countries. This disproportionally high burden in
migrant populations suggests their increased vulnerability to locally acquired infections,
besides the risk for imported disease. Additionally, a higher percentage of homelessness and
of unemployment was seen in VL cases compared to the national value (22.2 vs. 6.6%) [29],
reinforcing leishmaniasis as a disease of neglect and of deprived settings.

The fact that immunosuppressed patients represent an increasing share of VL cases,
including in the setting of use of methotrexate, and/or anti-TNFa drugs, raises the attention
to the role that screening prior to starting these therapies could have in preventing
symptomatic primary Leishmania infection or reactivation. Currently, there is no consensus
on the indications for screening, nor on the techniques that should be used and how to define
asymptomatic infection [30]. Management of asymptomatic infection, when detected, is
currently based on clinical monitoring and no treatment strategies have been adequately
studied [31]. These gaps should be addressed.

Regarding VL, even though the clinical findings have largely been already described
in the Mediterranean context, including in Portugal [12], the present study contributes to

reinforce dissimilarities in presentation in the different groups included. In children five years
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of age or younger, compared to older patients, the presentation was more abrupt, and time
from onset of signs/symptoms to presentation to healthcare was shorter. Fever was more
commonly reported, and the median highest temperature was higher. Splenomegaly was
present in all cases, but weight loss, anorexia and fatigue were less frequent. Criteria for HLH
were met in 40% of children — this percentage is somewhat higher than observed in studies
performed in the Mediterranean [32] and Brazilian [33] contexts (possibly representing
statistical variation associated with the small sample size in all of these studies) and

highlights the need to rule out VL in all children presenting with HLH in endemic settings.

In PLWH, compared to non-immunosuppressed adults, fever was less common, and
lower grade, and hepatomegaly was more common. Maximal CRP elevation was lower.

Bacterial, fungal and/or viral coinfection was most common.

ISA were more frequently admitted to Internal Medicine wards, but also to other
specialties according to their underlying conditions, reinforcing the growing need to
recognize leishmaniasis in transplant, oncology, and hematology settings. Diagnostic delay
was especially pronounced in ISA, in whom VL is less commonly considered in the
differential diagnostic list. This group presented more severe disease, with longer hospital
stays, more frequent admission to critical care, more frequent kidney failure, lower median
platelet counts, more frequent skin/mucosal hemorrhage, and higher percentage of deaths. Of
note 4/24 patients presented HLH, which has been rarely reported in adults with VL;

however, VL still represents a considerable share of all adult HLH cases [34].

A high rate (8.5%) of atypical presentations was documented, especially with
involvement of the gastrointestinal tract. Current knowledge of these forms of disease is
limited to case reports and small series [35, 36], and suggests that they do not have a poorer
prognosis or response to treatment than classic VL (in patients with similar immune status),
but they could pose a diagnostic challenge in patients in whom other findings such as

pancytopenia, splenomegaly or fever are absent.

Regarding diagnostic techniques, microscopy of bone marrow was preferred, even
though European guidelines suggest a first approach using serology [17], probably reflecting

unavailability in many centers and, on the other hand, the fact that bone marrow
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biopsy/aspirate allows investigation of alternative diagnoses. Use of PCR increased
compared to the previous 10-year period (41.6 vs. 25.1%) [12]; in particular, use of PCR in
blood has emerged as a less invasive alternative, with a reasonable positivity rate, both in the
present and in previous studies [37]. In all cases of VL in which identification of complex
was performed, L. donovani complex was identified; efforts for identification to the species
level should be intensified, taking into account the increasing migrant population from South
Asia [35] and the risk of introduction of anthroponotic and clinically distinct L.
donovani sensu stricto (s.s.). Phlebotomine vectors for L. infantum, widely distributed across
Portugal, are also permissive for L. donovanis.s [38]. This species has already been
documented in Cyprus in humans and dogs [39] and hybrids between L. infantum and L.

donovani have been demonstrated in Turkey [40].

Contrasting with the 1999-2009 period, when meglumine antimoniate was frequently
used [12], in the present study LAmB was almost the only drug used to treat primary episodes
of VL, in accordance with European guidelines [36]. There are no randomized clinical trials
to support the use of combination therapy (LamB + miltefosine) in the Mediterranean setting,
although this strategy has been studied in PLWH in South Asia, where L. donovani s.s. is
endemic, revealing significantly higher relapse-free survival at day 210, compared to LAMB
monotherapy [41]. In the present study, clinical response was comparable to described in the
literature in Europe (cure rates > 90%) [42], but differed among groups: faster and greater in
CU5, evidenced by shorter interval to defervesce and higher percentage of patients with
clinical improvement by days 7 and 30 after initiating LAmB. ISA showed a slower response
and lower improvement rates. In the present study, in multivariate analysis, CRP level over
100 mg/L was the only factor associated with non-improvement at day 7 after initiation of
anti-Leishmania therapy for primary treatment of VL. High CRP has not been consistently
suggested as a worse prognosis factor in previous studies; in a meta-analysis from East Africa
[43] and a historical cohort from Brazil [44], prognostic factors for mortality among patients
with VL included jaundice, edema, bleeding, splenomegaly, older age and Leishmania—HIV
coinfection. However, findings in these populations may not be translatable to the
Mediterranean context, considering baseline differences in sociodemographic aspects such

as nutritional status and access to healthcare.
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Secondary prophylaxis is common practice and endorsed by regional guidelines for
PLWH [45]; for ISA, there is no consensus on indication, drug, frequency, and dosing and
in the present study it was infrequently implemented; rate of relapse was similar between
groups and in PLWH with or without prophylaxis. However, this possibly reflects the fact
that in many cases prophylaxis could not be sustained until immunological recovery due to
side effects, non-compliance, or dropout of patients. Even so, a longer time to relapse was

documented in PLWH (compared to ISA) and especially in those on prophylaxis.

In most cases, treatment of relapses consisted of the use of the same or higher total
dose of LAmB, but other regimens were used in selected cases. The results of the present
study seem to suggest that improvement at 7 days could be higher with combination therapy,
but a larger cohort would be needed. Randomized controlled trials could help understand if
combination therapy is associated with better outcomes and whether there is any impact on

subsequent relapse.

Although notification of VL cases increased compared to the previous period (49.7 vs.
38.6%) [12], approximately half of cases are still not reported, especially in the Norte and
the AML regions, which could hamper public health efforts to control leishmaniasis in these
regions. Incomplete and inconsistent reporting of VL increases the risk of bias in official
data. Further studies should investigate causes for non-reporting, to better define strategies
to tackle this gap in information.

Finally, this study presents some limitations, beginning with the fact that in some
hospitals information was not collected due to lack of collaboration or due to absence of
patient consent. In addition, coding of diagnosis for inpatients was not uniformly performed
and digitalized in every hospital for the whole duration of the study period, and coding for
outpatients was irregularly performed in hospitals, so cases were screened via laboratory
results, whenever feasible. Some hospitals required internal personnel to access information,
SO in some cases interpretation of variables could be different, despite using the same

database.
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5. Conclusions

Although globally in Portugal the incidence of VL decreased compared to the previous
10 years, the disease remains an individual, public and One Health problem and a marker of
neglect. Rising incidence in the more recent years could be related to climate change,
increased mobility and/or increase in susceptible groups. These factors could also favor a
future geographic expansion of endemicL. infantumand the introduction of

new Leishmania species.

Leishmaniasis presents a continuing threat in Portugal to PLWH and children and an
increasing threat to other immunosuppressed groups. Disease in the latter poses specific
problems in relation to diagnosis and treatment as a consequence of different clinical
presentation, worse outcome, and general lack of scientific knowledge. Multicentric research
efforts could provide evidence to optimize treatment strategies for these patients in the
European context, especially concerning the use of secondary prophylaxis and treatment of
relapses. Programs to control leishmaniasis should focus not only on reducing
underreporting, but also on raising awareness for the disease among healthcare practitioners

and providing tools for earlier diagnosis.

Systematically combining clinical and national surveillance data could allow a more
detailed assessment of the epidemiologic situation and an evaluation of the progress in
clinical practice, uncovering gaps that need to be addressed in the near future. In order to
improve the overall outcome for leishmaniasis patients, human data should also be integrated
with data from vectors and mammal hosts, to produce holistic strategies to control the disease

in several parts of the life cycle, following a One Health approach.
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1. General discussion and conclusions

This doctoral project was developed around three focal questions: “What is the burden
of Leishmania infection and disease in Portugal? How is that burden distributed across
geographical areas and social sectors? What is the perception of the general population and
of health professionals and students regarding that burden?”. These three questions were
developed over three distinct studies, which provided data regarding different, but
complementary, faces of Leishmania infection. The resulting combined information allows
for a more detailed and updated perspective of the infection in mainland Portugal and could

help design interventions to control the disease in the country.

1.1. Global epidemiology of Leishmania infection in mainland Portugal

Combining the results from human seroprevalence (in blood donors) and incidence
produced in this work and the most recent data from canine seroprevalence, some
considerations can be drawn regarding the current epidemiology of Leishmania infection.
The national incidence of leishmaniasis in humans declined compared to the 1999-2009
period (1). The estimated VL mean annual incidence of 0.184/100,000 population is
comparable to other South European countries, such as Spain or Italy (2); however, an
increase in incidence was detected in the last four years analyzed in this work (after 2016).
Serial seroprevalence studies in dogs (with sampling performed 12 years apart, in 2009 and
2021 (3,4)), also showed increasing global canine seroprevalence. These studies were

performed on dogs in selected veterinary clinics.

This trend could be explained by several factors, including changes in suitability for
vectors in mainland Portugal, possibly related to climate change. Increasing temperatures
could allow for: an increased geographical dispersion of vectors; an increased survival time
and activity; and a decreased time to develop in the intermediate host (extrinsic incubation
time). Modelling studies in the European region support this conclusion, suggesting an
increase in the number of climatically suitable regions for leishmaniasis, especially in
southern and eastern countries, coupled with a northward expansion towards central Europe

(5,6). Indeed, outbreaks of leishmaniasis and detection of seropositive dogs have been
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reported in previously non-endemic regions of Spain (Galicia, Asturias (7-9)). And, in the
present work, autochthonous symptomatic and asymptomatic human infections were
detected in regions of northern coastal Portugal, which were considered as non-endemic. In
dogs, in the two serial studies mentioned above, pronounced increases in seroprevalence were
noted in areas of previous low endemicity (for example, in the Porto district the

seroprevalence increased to similar levels as in the Lisboa district) (3,4).

Additionally, the increasing trend in Leishmania prevalence/incidence could be related
to a low adherence to general and specific individual preventive measures for reservoir hosts:
although a high percentage of blood donors reported the use of insecticide or arthropod-
repellent products in pet dogs in the present work, other studies have shown that the type of
product used and the frequency of application were often inappropriate (10,11). Furthermore,
many donors reported not using repellents throughout all the phlebotomine season (in

Portugal, mostly from May to October) (12).

An increase in human incidence could also be explained by the increase in population
at risk for symptomatic disease due to host-related factors, including secondary
immunosuppression related to pharmacological treatment for solid organ or hematopoietic
stem cell transplant, solid organ or hematological malignancy, autoimmune and
inflammatory conditions. In addition, in a steadily aging country, reactivation of latent
infection in the setting of immunosenescence could also represent an increasing percentage
of cases. This is illustrated in the present study, where the percentage of VL cases who were
non-HIV immunosuppressed increased (from 6.5% in 2000-2009 (1) to 13.1% in the present
study) and the median age of patients also increased (from 31 to 41 years old). Moreover, in
Portugal, HIV infection, an important contributor to symptomatic Leishmania infection, is
still often diagnosed at late stages (in 2022, 37.9% of newly diagnosed cases had CD4 cell
counts below 200/uL at time of diagnosis (13)). As such, prevention of HIV transmission
and early diagnosis are still cornerstones for controlling the public health impact of L.

infantum infection.

Increased internal and international human and animal mobility could also play a role

in the increasing Leishmania incidence/prevalence. Although only 4.0% of human cases in
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Portugal were imported in the present study, travel to and migration from endemic areas
represent a much higher percentage of cases in other (endemic) European countries, such as
France (14). Migrants represent an increasing fraction of the Portuguese population (5.2% in
the last census (15)). Besides the risk of imported infection in migrants from other endemic
areas, migrants from non-endemic areas could be particularly vulnerable to Leishmania
infection in Portugal, possibly due to increased exposure compared to the non-migrant

population and to barriers in access to healthcare.
1.2. Regional and local epidemiology of Leishmania infection in mainland Portugal

At a regional and local level, some conclusions concerning Leishmania epidemiology
could be pointed out. Table 1 summarizes seroprevalence and incidence data generated from
the present and previous works. To allow this comparison, results are shown at a district level
(as opposed to the NUTS3 regions used in the previous chapters). It should be noted that the
estimates of human seroprevalence in the present study were obtained from blood donors.
Although they could represent the population of blood donors in mainland Portugal, these
estimates may not be transposable to the general population, considering differences in age
and health status, among other factors. Blood donors were selected as the target population
due to the expected easier sampling of the required number of healthy adults, with a

representative geographical dispersion, in this population.
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Table 1. Estimated seroprevalence of Leishmania (%) in human (blood donors) and canine
populations and mean annual incidence of visceral leishmaniasis (number of cases/100,000
population/year) in different periods in Mainland Portugal, by region and district, according to data
generated from the present and previous works.

Seroprevalence Incidence (VL)

Region District 1999-2009 2010-2020
Norte 6.3 3.8 9.6 0.194 0.093
Braga 4.4 2.1 6.9 0.021
Braganca 3.1 8.0 15.7 0.421
Porto 7.2 3.2 9.2 0.101
Viana do Castelo 8.5 0.9 0 0.038
Vila Real 3.6 8.4 13.4 0.185
Centro 6.5 7.8 125 0.321 0.135
Aveiro 7.9 14 1.2 0.064
Castelo Branco 54 17.4 29.9 0.340
Coimbra 4.6 6.4 16.4 0.173
Guarda 10.0 6.8 19.3 0.179
Leiria 5.8 3.1 3.9 0.059
Viseu 5.6 7.1 13.8 0.200
LVT 4.9 6.0 11.2 0.530 0.240
Lisboa 5.2 5.9 9.2 0.289
Santarém 5.0 7.9 11.4 0.166
Setubal 4.5 5.0 155 0.147
Alentejo 1.9 10.4 16.1 0.337 0.303
Beja 0.6 12.1 14.3 0.428
Evora 2.7 25 10.6 0.057
Portalegre 1.4 125 30.5 0.488
Algarve 4.2 4.7 17.2 0.108 0.495
Faro 4.2 4.7 17.2 0.495
Reference This work This work

Abbreviations: LVT, Lisboa e Vale do Tejo; VL, visceral leishmaniasis.

Note: original data from this work was reanalyzed to be displayed in this table by district, to allow
comparison with previous studies which presented their data using these territorial divisions. In other
chapters of this work, NUTS (Nomenclature of Territorial Units for Statistics) are used. The
correspondence between districts and NUTS3 regions in mainland Portugal is approximately as follows:
Braga — Cavado and Ave; Braganca — Terras de Tras-os-Montes; Porto — Area Metropolitana do Porto and
Tamega e Sousa; Viana do Castelo — Alto Minho; Vila Real — Alto TAmega and Douro; Aveiro — Regiéo
de Aveiro; Coimbra — Regido de Coimbra; Guarda — Beiras e Serra da Estrela; Castelo Branco — Beira
Baixa; Leiria — Regido de Leiria and Oeste; Viseu — Viseu Ddo-Lafes and Douro; Lisboa — Area
Metropolitana de Lisboa (North of Tagus river); Santarém — Leziria do Tejo and Médio Tejo; Setubal —
Area Metropolitana de Lisboa (South of Tagus river) and Alentejo Litoral; Beja — Baixo Alentejo; Evora
— Alentejo Central; Portalegre — Alto Alentejo; Faro — Algarve.
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In the Norte region, human incidence was highest in the Terras de Tras-os-Montes, Alto
Tamega and Douro subregions, which nearly correspond to the two districts with highest
canine seroprevalence (Braganca and Vila Real) and to the long recognized Alto Douro
endemic region. Unexpectedly high human seroprevalence in Viana do Castelo/Alto Minho
could represent emerging foci of parasite circulation, as discussed above, while the high
human seroprevalence in the Porto/Area Metropolitana do Porto region is consistent with

increasing seroprevalence in dogs in this region.

In the Centro region, Beira Baixa and Beiras e Serra da Estrela (BSE) (approximately
corresponding to Guarda and Castelo Branco districts) presented the highest human
incidence; additionally, BSE seems to represent a significant focus of CL, as suggested
presently and in a previous work (16); although Aveiro/Regido de Aveiro was suggested as
an area of low parasite circulation by canine seroprevalence studies, both human incidence
and seroprevalence studies contradict this idea, with recent cases described in the region,
including CL. Possible explanations for these findings include an increasing awareness of
medical professionals in the region and/or the circulation of a distinct, more dermotropic, L.

infantum genotype.

In the Area Metropolitana de Lisboa (AML) region, a marked decline in human
incidence was noted, compared to the 1999-2009 period (1). The municipalities of Odivelas,

Lisboa, Sintra and Cascais registered the highest incidences within the region.

In the Alentejo region, human incidence was stable and was the highest in Alto Alentejo
and Baixo Alentejo. This finding seems inconsistent with the estimated low human
seroprevalence in these subregions. Small sample sizes and sampling difficulties (with only
half of the municipalities in Alto Alentejo sampled) may have affected representativeness
(especially considering the localized nature of Leishmania foci), potentially leading to these

discrepancies that might not have a real significance.

Finally, in the Algarve region, estimated human incidence has sharply increased after
2013 — this is consistent with the increased canine seroprevalence (4) and with the detection
of sand fly vectors in several municipalities of the region, some of which were infected with

Leishmania (in the Faro municipality), in a more recent study (17).
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1.3. Host-related factors associated with leishmaniasis

The series of leishmaniasis cases described in the present work represents one of the
largest current series of VL in the Mediterranean, where clinical differences between groups
were analyzed. Similarly, this is the first work to describe a temporal series of CL and ML
cases in Portugal, which is relevant considering their noncompulsory notification status in
the country. Regarding host-related factors associated with leishmaniasis, some findings

should be highlighted.

A predominance of male sex in clinical cases of VL and CL is consistent with male sex
as a potential risk factor for positive serology, as demonstrated in other endemic contexts
(18). This sex bias could be explained in part by gender-related behavior (e.g., practice of
outdoors activities), but increasing evidence suggests a significant role of biological factors
(such as sex-dependent differences in macrophage activity, granuloma formation and

cytokine responses) (19).

Children under five years of age remained one of the most affected groups by VL in
the present work, although less prominently than in the 2000-2009 period (1). Cases in
children are epidemiologically relevant, as they are more likely to represent primary
infections, indicating foci of active transmission, which should be the primary targets of

public health interventions.

HIV remains an important factor for symptomatic disease, especially when associated
with CD4 cell counts lower than 200/uL; other forms of immunosuppression contribute to
an increasing percentage of cases, especially secondary to drugs, such as methotrexate and
anti-TNFa; this observation poses questions regarding the introduction of screening practices

in this population.

1.4. Clinical presentation and management of leishmaniasis

Concerning clinical aspects of VL, signs and symptoms described in the present work
are globally similar to those reported in previous series (1). However, the present work
clearly shows differences in presentation between groups, revealing a more abrupt onset in

children under five years of age and faster response to treatment; in non-HIV
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immunosuppressed patients, higher rates of non-improvement, longer hospital stays, and
higher fatality were noted, possibly reflecting lower health professional awareness and

delayed diagnosis in this group.

In Portugal, diagnosis of leishmaniasis mostly relies on observation of amastigotes.
This technique does not allow for species differentiation, which could be relevant for
epidemiological surveillance purposes, as detailed below. Additionally, confusion with
intracellular forms of Histoplasma capsulatum could occur, an important differential
diagnosis in people migrating from or travelling to endemic areas in South America. Use of
nucleic acid amplification tests, such as PCR can avoid this uncertainty and has increased in
the country but is still not widely available in many of the diagnostic laboratories. In addition,
PCR in blood allows less invasive, yet sensitive diagnosis, especially in immunosuppressed
patients (20); it can also be used (and is currently being used) to monitor response to
treatment in PLWH and detect recurrence (21). Despite its indication as a first line tool for
diagnosis of VL (22), serology is less commonly used in Portugal, compared to microscopy,

perhaps reflecting access issues.

Treatment of primary VL episodes in Portugal follows current recommendations in
Europe (22), where LAmB is largely available. In the present study, use of LAmB for primary
treatment showed a good efficacy overall; relapsing disease seemed to occur at similar rates
in PLWH and HIV non-infected patients, although earlier in the latter. Randomized clinical
trials have shown superior efficacy (parasite clearance or relapse-free survival) of
combination therapy (LAmB-+miltefosine) for primary treatment in PLWH in South Asia and
East Africa (23,24). However, studies to assess the use of this strategy are lacking in the
European context. Additionally, in the heterogeneous group of HIV non-infected patients,
studies are still needed to evaluate which particular patients benefit from secondary
prophylaxis, which strategies (drug, dose and frequency) are the most effective and when can

prophylaxis be safely interrupted.

Concerning CL, since most cases were considered autochthonous, the present work
gives essentially a picture of CL by L. infantum. As shown in other Mediterranean countries

(25), lesions caused by this species are predominantly located in the face and are less often
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ulcerated. Diagnosis in Portugal mostly relied on skin biopsy, which allows studying
alternative diagnoses. Treatment was very heterogeneous, probably reflecting lack of access
to drugs/therapeutic strategies within health services and lack of experience of most
professionals. In this series, a significant proportion of CL cases had immunosuppressing
factors and, in this group, simultaneous VL was common, justifying an active search for this

clinical form.

Although the present work has shed light on autochthonous CL, it likely represents an
incomplete picture, considering the estimate of a much lower incidence of CL than VL,
contrasting with Spain (26,27) and other European countries (28), where the two clinical
forms show similar incidences. A possible explanation includes underdiagnosis due to cases
not coming to medical attention (self-healing), lack of awareness of the disease by clinicians

and/or assumption of the disease as an importation disease, as shown in the questionnaires.

ML caused by L. infantum is extremely rare, but can be disfiguring and debilitating,
hence it should be suspected in endemic areas, especially in elderly people and
immunosuppressed patients. Besides involvement of the nasal and oral mucous membranes,
laryngeal involvement is increasingly recognized (29), underscoring the importance of
involving and training a broad range of medical specialties in leishmaniasis, including ear,

nose and throat physicians.

1.5. Knowledge, perceptions and practices of blood donors and health students and
professionals

The present work also sheds light on the knowledge regarding leishmaniasis and the
practices related to domestic animals in different groups, from professionals, to students and

blood donors, allowing a comparison between them.

Awareness of leishmaniasis was high both in blood donors and in health
students/professionals, although higher among the latter: over 95% of students and
professionals had previously heard of leishmaniasis, compared to only around 70% of blood
donors. Television advertisements were common non-academic sources of information for
all groups. The role of veterinarians as providers of information regarding leishmaniasis was

also highlighted by every group; in this sense, academic training and continuous education
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of veterinarians in this disease could be a decisive strategy for control of leishmaniasis in

Portugal, as well as in other zoonotic settings.

Unawareness regarding mode of transmission of leishmaniasis was more common in
blood donors; arthropod bite was the mode of transmission most often pointed by
participants, especially health students/professionals; sand flies were identified as the vectors
much more commonly by students/professionals than by blood donors, who preferentially
selected mosquito bites. Insufficient recognition of phlebotomine sand flies as vectors and
confusion between these two arthropods could lead to improper individual management of
potential Leishmania vector breeding sites, such as animal burrows and shelters and leaf
litter, which differ from mosquito breeding sites (small or large bodies of water).
Additionally, belief of transmission via direct contact (excluding bites or scratches), reported
in over 10% of participants in every group, could lead to inadequate isolation measures or
rejection of diseased animals. Over 90% of participants in each group admitted leishmaniasis
affected animals; however, only in the professional group over 90% of participants were
aware of human leishmaniasis. Decreased recognition by blood donors of potential human
infection with Leishmania, including in endemic areas in Portugal, could implicate a lower
perception of individual or community risk, even in areas where canine cases are seen, and a

low stimulus to implement animal protective measures.

Although systematic use of repellents in dogs was consistently reported by
students/professionals and blood donors, the latter were less likely to apply them spanning
all the phlebotomine season. Other practices that could be different between groups and
impact prevention, such as type of repellent substance used, frequency and mode of

application, were not assessed in the present study.

1.6. Integrated surveillance and control

Leishmaniases caused by L. infantum in the Mediterranean region pose a threat to
domestic animals, mainly dogs, although the impact in other species, including cats, is
increasingly recognized (30). As a zoonotic infection, the risk to humans persists while
enzootic cycles exist. As such, integrated surveillance and control are necessary, following a

One Health perspective, to achieve maximal health outcomes to humans and domestic and
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wild animals. A national structured plan for surveillance and control of leishmaniasis could
overcome some of the current challenges, namely by combining systematic surveillance of
vectors and integrated reporting of animal and human cases of disease and by investing in

health education concerning the prevention of vector-borne infections.

Regarding vectors of medical and veterinary importance, systematic surveillance of
ticks and mosquitoes has been implemented in Portugal for over ten years, through a national
network (REVIVE - Rede de Vigilancia de Vetores), coordinated by the National Health
Institute (INSA — Instituto Nacional de Saude Dr. Ricardo Jorge) and devoted to specimen
collection, species identification and detection of pathogens. However, systematic collection
of sand flies has only been integrated in this network since 2023, with many gaps in

geographical coverage (31).

Surveillance of circulating parasite species and genotypes is important for clinical
purposes and for tailoring intervention strategies. However, this analysis is not possible when
diagnosis of human or canine cases is based exclusively on microscopic observation of
amastigotes, which remains a common practice in clinical laboratories in human
leishmaniasis in Portugal. However, increased human and animal mobility creates new
challenges in settings where molecular identification and speciation is still scarcely available,
since it poses a risk of unrecognized introduction of new species. Detection of non-endemic
Leishmania species has already been documented in Portugal (L. major hybrids (32)) and
other areas of Europe, such as Cyprus (L. donovani (33)). In Portugal, introduction of L.
donovani could be facilitated considering its mostly anthroponotic nature, the presence of
competent vectors in many parts of the territory, and the considerable migrant population

from areas of endemicity in the Indian subcontinent and East Africa (15).

Concerning reporting of cases of disease, notification of CL and canine leishmaniasis
(CanL) cases is not mandatory in Portugal, unlike in other European countries (34),
precluding quick and targeted control interventions. VL reporting is mandatory, using a
national electronic platform, the SINAVE (Sistema Nacional de Vigilancia Epidemiologica).
However, underreporting of VL in the country is still significant, although it is decreasing

(49.7% in the present study compared to 38.6% in 2000-2009 (1)). For diseases in which
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both human and animal cases are subject to compulsory reporting, distinct platforms for
reporting are provided, and the resulting data are not presented combined in official national
databases or reports. At a European level, however, One Health reports provide an overview
of some zoonotic diseases across the human, animal and environmental domains (35);

leishmaniasis is not, however, one of such diseases.

In terms of prevention in the animal reservoir host, regular use of topical repellent
insecticides in dogs is highly effective in preventing phlebotomine sand fly bites and,
therefore, has a central role in controlling L. infantum transmission, from a One Health
perspective (36). However, this measure in not routinely promoted by Public Health
authorities, nor are the products freely available to dog owners in Portugal. Vaccines may
play a secondary role in L. infantum control, since they do not prevent infection, but they
reduce the risk for development of clinical signs and disease progression in infected dogs
(37). Systematic (yearly) use of vaccines against CanL is uncommon in Portugal, as
demonstrated in the present and in previous studies (4); this could be possibly attributed to
the price of the vaccines and lack of awareness. Lastly, immune therapy (e.g., domperidone)
may lead to protection against L. infantum infection or improvement of the clinical condition
of infected individuals, possibly reducing the risk of treated dogs transmitting L. infantum to

vectors (38). In this sense, it may be an additional tool for L. infantum control.

Regarding the prevention of disease in humans, important scientific gaps remain in the
identification and management of asymptomatic infection. No standardized and consensual
criteria have been proposed regarding who should be tested and which technique(s) should
be used. There are no clear indications concerning the frequency of clinical and/or analytical
monitoring for people who test positive. There is no solid scientific evidence for adopting a
preemptive treatment (for positive screening individuals) or a primary prophylaxis strategy
(for negative screening individuals), as no drugs have been evaluated in randomized clinical
trials for these purposes. Symptomatic cases could be avoided if cost-effective screening
strategies were adopted and if markers of progression could be clearly identified. There is
ongoing research in that area, with promising results — transcriptomic analyses comparing

signatures showed the innate immune system pathway was strongly activated only in
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asymptomatic profiles, whereas pathways such as MHC Class II antigen presentation and

NF-kB activation in B cells seemed to be specifically induced in symptomatic profiles

(39,40). Besides the possible individual gain in detection of asymptomatic infection at risk

for progression, there could be a Public Health gain in identifying asymptomatic people at

risk for transmission of Leishmania to the vectors, perpetuating the parasite’s life cycle, as

has been demonstrated for some immunosuppressed individuals (41).

1.7. Future research

Although fundamental issues concerning the current epidemiology and clinical

presentation of leishmaniases in Portugal were settled in this thesis, there are still some

outstanding questions that will need to be addressed in the future:

How is Leishmania infection distributed at a local (subregional) level? What are
the specific foci and the ecological niches of the vectors?

Which biogeographic and socioeconomic factors could help predict the current
distribution of the disease and how could these be used to model future distribution
in Portugal?

What is the expected impact of climate change on the geographical distribution and
activity of Leishmania vectors in Portugal?

What is the estimated risk of introduction of anthroponotic Leishmania species in
Portugal for which competent vectors are widely distributed?

Which factors could explain the disproportionately high burden of leishmaniasis
observed in migrants?

Which factors could explain the geographical differences in CL and VL in
Portugal?

In L. infantum cases of CL, how cost effective could screening of simultaneous VL
be? Should it be directed to specific groups such as immunosuppressed people?

How can different prophylactic regimens lower the risk of VL relapse in HIV and
non-HIV immunosuppressed patients? In which non-HIV cases could prophylaxis
be beneficial? When should it be started and stopped?

What is the role for new combination treatment strategies for VL in PLWH in the
European context, for primary episodes and especially for relapses?

When could screening of asymptomatic Leishmania infection be cost effective
prior to starting immunosuppressive drugs? Is there any benefit of a preemptive
treatment strategy? Which drug(s) could be effective?

197



CHAPTER 7
General discussion and conclusions

* What measures targeting the general community could have evidence-based
efficacy in reducing Leishmania infection prevalence in dogs? Are educational
programs/interventions helpful?

* How can the health and economic impact of addressing leishmaniasis under a One
Health lens be measured?

1.8. Conclusions

As a conclusion, leishmaniasis remains a significant individual and public health
problem in Portugal and serves as an indicator of neglect. The increasing human incidence
and canine seroprevalence in recent years may be linked to climate change, greater mobility,
and/or the rise in susceptible groups. These factors could also facilitate the future geographic
expansion of endemic L. infantum and the introduction of new Leishmania species. Gaps in
knowledge in the general population could explain insufficient protective practices, such as
insufficient adherence to adequate use of insecticides and repellents in dogs. Health
professionals could play an important role in promoting health related to vector-borne
infections. Animal health professionals, in particular, could have a greater role in
disseminating knowledge. Stronger collaborations between different health groups and active
input from the community are essential to optimize health for all. Control programs for
leishmaniasis should focus not only on reducing underreporting but also on raising awareness
of the disease among healthcare professionals and providing tools for earlier diagnosis.
Multicentric research efforts can provide evidence to optimize treatment strategies for
patients in the European context. Human data should be integrated with data from vectors
and mammalian hosts to develop holistic strategies for disease control across various parts

of the life cycle, promoting a One Health approach.
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