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Abstract 

 

 

Canine leishmaniosis is a severe, potentially fatal vector-borne zoonosis caused 

by the parasite Leishmania infantum. Sand flies are the responsible vectors in the 

transmission of Leishmania protozoan. Dogs (Canis lupus familiaris) are the main 

reservoirs of Leishmania infantum in Southwestern Europe, South and Central America, 

and East Asia. The control of infection in dogs is a critical point in preventing the 

perpetuation of parasite natural life cycle. Prevention measures of canine leishmaniosis 

rely on the control of the vector, vaccination, and treatment of diseased animals. In canine 

leishmaniosis, infection does not mean disease. Active disease is expressed by clinical 

signs (e.g. dermatitis, onychogryphosis, weight loss and conjunctivitis) accompanied by 

marked humoral response and high parasite density. However, the majority of dog 

population is infected without clinical expression of disease. In these animals antibody 

production can be low, intermittent, or even absent, and parasite density is highly variable. 

The identification of these asymptomatic animals is critical as they are capable of 

transmitting the parasite to the vector. 

The association of clinical evaluation and laboratory testing is important to identify 

infection and achieve the definitive diagnosis. Laboratory tests available are adequate to 

detect infection in diseased animals. Nevertheless, the need to detect asymptomatic 

infections with high accuracy is still an unmet need that hampers the control of the 

disease. Serological-based assays are the most commonly used, being especially 

important in epidemiological studies. More recently the advent of vaccination complicated 

serodiagnosis as it can originate false positive results. 

In the scope of this thesis eight different recombinant antigens were tested by 

enzyme-linked immunosorbent assay (ELISA) to address the capacity to detect infection 

in dogs, in the context of endemic and non-endemic areas and also in the context of 

vaccination with CaniLeish®. 

The final conclusions of this work were: 

1. The seroprevalence addressed by ELISA in an endemic region of Portugal 

ranged between 15.3% and 22.5% depending on the antigen in analysis. All 

antigens demonstrated good sensitivity in detecting symptomatic infection 

(100%). However the antigen-response profile was distinct in dogs that did not 
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present clinical signs, with seropositivity ranging between 5.4% and 82.6% 

demonstrating the problems associated to the detection of asymptomatic 

infection and the complexity of Leishmania infection in a context of endemicity; 

 

2. In a cohort of dogs from non-endemic regions of Europe the seropositivity 

observed in ELISA-soluble promastigote Leishmania antigen (SPLA) was 

higher when compared to ELISA-rK39 suggesting some unspecificity 

associated to SPLA. The use of a ubiquitous antigen - soluble Escherichia coli 

antigen (SECA) - and the ratios between antigens allowed the observation of 

serological profiles that were predictive of disease with similar sensitivity and 

specificity to reference antigens; 

 

 

3. The SPLA was recognized in the context of CaniLeish® vaccination, by 

opposition to the other six antigens evaluated. Using the relation between the 

response to different antigens, we found that rK39/SPLA ratio was able to 

distinguish vaccinated non-infected dogs from vaccinated infected dogs, 

infected dogs and non-infected dogs (sensitivity=92.3% and specificity=95.4%).  

 

Keywords: Canine leishmaniosis, Leishmania infantum, zoonosis, asymptomatic 

infection, seropositivity, ELISA, recombinant proteins, vaccination. 
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Resumo 

 

 

A leishmaniose canina é uma zoonose grave e potencialmente fatal, transmitida 

por vector e causada pelo parasita Leishmania infantum. A mosca da areia é o vector 

responsáveis pela transmissão do protozoário Leishmania. O cão (Canis lupus familiaris) 

é o principal reservatório de Leishmania infantum no Sudoeste da Europa, América 

Central e do Sul e Ásia Oriental. O controlo da infecção canina é um ponto crucial na 

prevenção da perpetuação do ciclo de vida natural do parasita. As medidas preventivas 

da leishmaniose canina baseiam-se no controlo do vector, na vacinação e no tratamento 

dos animais doentes. Na leishmaniose canina a infecção não tem o mesmo significado de 

doença. Na doença ativa existem sinais clínicos (e.g. dermatite, onicogrifose, perda de 

peso e conjuntivite) acompanhados por uma acentuada resposta humoral e uma elevada 

densidade parasitária. Contudo, a maioria da população canina encontra-se infetada sem 

expressão clínica de doença. Nestes animais, a produção de anticorpos pode ser baixa, 

intermitente ou mesmo ausente e a densidade parasitária é altamente variável. A 

identificação destes animais assintomáticos é fundamental uma vez que estes podem 

transmitir o parasita ao vector. 

A associação da avaliação clínica e laboratorial é importante para identificar a 

infeção e obter um diagnóstico definitivo. Os testes laboratoriais são adequados para a 

detecção da infeção em animais doentes. Porém, a necessidade de deteção da infeção 

assintomática com elevada precisão é um objetivo ainda não alcançado e que dificulta o 

controlo da doença. Os testes serológicos são frequentemente utilizados sendo 

especialmente importantes nos estudos epidemiológicos. Mais recentemente, o advento 

da vacinação dificultou o diagnóstico serológico uma vez que pode originar falsa 

seropositividade. 

No âmbito desta tese, foram testados 8 antigénios recombinantes por ELISA para 

avaliar a capacidade de detetar infeção em contexto endémico e não endémico, assim 

como em contexto de vacinação com CaniLeish®. 

As conclusões finais deste trabalho foram: 

1. A seroprevalência avaliada por ELISA numa região endémica de Portugal 

variou entre 15.3% e 22.5% dependendo do antigénio analisado. Todos os 

antigénios demonstraram alta sensibilidade na deteção de infeção sintomática 
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(100%). Contudo, o perfil de resposta ao antigénio foi diferente em cães que 

não apresentavam sinais clínicos, com variação da seropositividade entre 

5.4% e 82.6%, demonstrando os problemas associados à deteção da infeção 

assintomática e à complexidade da infeção por Leishmania em contexto 

endémico;  

 

2. Numa coorte de cães provenientes de uma região não endémica da Europa a 

seropositividade observada por ELISA-soluble promastigote Leishmania 

antigen (SPLA) foi superior quando comparada com ELISA-rK39, sugerindo 

alguma inespecificidade associada ao SPLA. O uso de um antigénio ubíquo 

(soluble Escherichia coli antigen – SECA) e a utilização dos rácios entre 

antigénios permitiram a observação de perfis serológicos preditivos de doença 

com sensibilidade e especificidade semelhantes aos antigénios de referência; 

 

3. O SPLA foi reconhecido em contexto de vacinação com CaniLeish®, em 

oposição a outros seis antigénios avaliados. Usando a relação entre a 

resposta aos diferentes antigénios, foi observado que o rácio rK39/SPLA foi 

capaz de distinguir cães vacinados não infectados de cães vacinados  

infectados, de cães infectados e de cães não infetados (sensibilidade=92.3% e 

especificidade=95.4%).  

 

Palavras-chave: Leishmaniose canina, Leishmania infantum, zoonose, infeção 

assintomática, seropositividade, ELISA, proteínas recombinantes, vacinação. 

  

 

 

 

 

 

 

 



xxi 
 

Table of contents 

 

 

Author´s declaration    vii 

Agradecimentos     xv 

Abstract    xvii 

Resumo    xix 

Index    xxiii 

Index of figures    xxvii 

Index of tables    xxviii 

Abbreviations list    xxix 

 

 

 

 

 

 

 

 

 

 

 



xxii 
 

 

  



xxiii 
 

Index 

1. INTRODUCTION    31 

 

1.1. Canine leishmaniosis 

Etiology & transmission    35 

Leishmania life cycle    39 

Immunological & clinicopathological features    40 

Epidemiology & asymptomatic Infection    43 

 

1.2. Prevention & control of canine leishmaniosis 

Vector    48 

Vaccines    49  

Treatment    51 

Euthanasia    53 

 

1.3. Laboratory detection of  Leishmania infection 

Parasitological detection    58 

Molecular detection    59 

Serological detection    61 

Era of recombinant antigens    65 

Challenges in serological detection of Leishmania infection    70 

 

 

 

 



xxiv 
 

 

2. OBJECTIVES    73 

 

        Aims of the work    75 

 

 

3. RESULTS    77 

 

 

3.1. Evaluation of seropositivity to different Leishmania antigens in 

dogs living in a canine leishmaniosis-endemic region of Portugal   

 

Summary    83 

Introduction    84 

Material and methods    86 

Results and Discussion    91 

Conclusion    99 

References    99 

 

 

 

 

 

 



xxv 
 

3.2. The use of E. coli total antigens as a complementary approach to 

address seropositivity to Leishmania antigens in Canine 

Leishmaniosis 

 

Summary    109 

Key findings    109 

Introduction    109 

Material and methods    110 

Results    111 

Discussion    113     

References    117 

Supplementary data    119 

 

 

3.3. Evaluation of serologic response to distinct Leishmania antigens 

in a cohort of vaccinated dogs 

 

Summary    157 

Introduction   158 

Material and methods    159 

Results    163 

Discussion and Conclusion    172 

References    174 

 

 



xxvi 
 

 

 

4. GENERAL DISCUSSION AND CONCUSIONS    179 

 

 

5. BIBLIOGRAPHY    187     

 

 

 

  



xxvii 
 

Index of figures 

 

 

Figure 1 - Leishmania life cycle – Sand fly stage and mammalian host stage. 

 

Figure 2 - Clinical signs observed in dogs with leishmaniosis. A – Severe weight loss and 

muscular atrophy; B - Ulcerated cutaneous lesion; C – Onychogryphosis; D – 

Conjunctivitis with corneal opacity. Adapted from (Foglia Manzillo et al., 2013; Koutinas & 

Koutinas, 2014).  

 

Figure 3 – Geographical distribution of zoonotic leishmaniosis. 

 

 

 

 

 

 

 

 

 

 

 

 

 

  



xxviii 
 

Index of tables 

 

 

Table 1 - Geographical distribution of Leishmania species that infect dogs and respective 

sand fly vectors 

 

Table 2 – Chemotherapy protocols used for CanL treatment 

 

Table 3 – Characteristics of serological tests for detection of Leishmania infection  

 

Table 4 – Most common recombinant proteins reported in literature for detection of canine 

Leishmania infection 

 

Table 5 – Proteins described for detection of Leishmania infection in dogs 

 

Table 6 – The complex scenario of CanL 

 

 

 

 

 

 

 

 

  



xxix 
 

Abbreviations list 

 

BM Bone marrow 

CanL Canine leishmaniosis 

DAT Direct agglutination test 

DNA Deoxyribonucleic acid 

ELISA Enzyme-linked immunosorbent assay 

FN False negative 

FP False positive 

HL Human leishmaniosis 

ICT Immunochromatographic test 

IFAT Indirect fluorescence antibody test 

IFN-Ɣ Interferon gamma 

IL-2 Interleukin 2 

IL-4 Interleukin 4 

IL-6 Interleukin 6 

ITS1 Internal transcribed spacer 1 

LiESP Leishmania infantum  excreted-secreted 

proteins 

LN Lymph node 

NO Nitric oxide 

NTD Neglected tropical disease 

PCR Polymerase chain reaction 

QA-21 Purified fraction of Quillaja saponaria 

saponin 



xxx 
 

rRNA Ribosomal ribonucleic acid 

RT-PCR Real-time polymerase chain reaction 

SALA Soluble amastigote Leishmania antigen 

Se Sensitivity 

SLA Soluble Leishmania antigen 

SP Spleen 

Sp Specificity 

SPLA Soluble promastigote Leishmania antigen 

Th1 T helper 1  

Th2 T helper 2 

TNF-α Tumor necrosis factor alpha 

TR Tandem repeats 

WHO World health organization 

ZVL Zoonotic visceral leishmaniosis 

 

 

 

 

 

 

 

 

 



31 
 

 

1.  INTRODUCTION 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



   

32 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  



33 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

1.1. Canine leishmaniosis



   

34 
 

 

  



 1-Introduction

   

 
 

35 
 

Etiology & Transmission 

 

Leishmaniosis is a parasitic vector-borne infection classified as a category 1 - 

emerging and uncontrolled - neglected tropical disease (NTD) by World Health 

Organization (WHO). The etiological agent of leishmaniosis is the unicellular protozoan 

parasite of the genus Leishmania (Order Kinetoplatida, Family Trypanosomatidae) and 

over than 30 species have been described so far (Carson et al., 2009; Dunning, 2009; 

Hirve et al., 2017; Kevric et al., 2015; Paltrinieri et al., 2016; Teixeira et al., 2013). 

Although twenty-one species are pathogenic to humans, the parasite impact is not limited 

to humans as some species also represent a concern in veterinary healthcare (Bates, 

2007; Lukes et al., 2007; Saridomichelakis, 2009; Kedzierski, 2011; Pace, 2014; Akhoundi 

et al., 2017). 

Human leishmaniosis (HL) is endemic in 98 countries worldwide (Asia, Africa, 

Southern Europe, Central and South America), and is responsible for 30.000 of deaths 

every year. Leishmaniosis burden places the disease as the second most lethal among 

tropical parasite-related infections, just after malaria (Pace, 2014). The poorest countries 

bear the brunt of the disease impact. Depending on the Leishmania species and host 

immunity, the clinical manifestations can range from skin lesions (cutaneous 

leishmaniosis), mucosal destruction with disfiguring lesions (mucocutaneous 

leishmaniosis), to systemic disease (visceral leishmaniosis) - the most severe and often 

fatal form if non-treated (Alvar et al., 2004; Kedzierski, 2011; Kevric et al., 2015). 

In veterinary medicine leishmaniosis is of great importance especially in dogs and 

is designated as canine leishmaniosis (CanL). CanL is a severe, systemic, chronic and 

potentially life-threatening disease (Solano-Gallego et al., 2009; Teixeira et al., 2013; 

Ready, 2014; Paltrinieri et al., 2016).  

Some Leishmania species have veterinary importance and 10 of them have been 

isolated from dogs: Leishmania infantum, Leishmania donovani, Leishmania tropica, 

Leishmania major, Leishmania arabica, Leishmania amazonensis, Leishmania mexicana, 

Leishmania braziliensis, Leishmania peruviana and Leishmania colombiensis (Bates, 

2007). In the Mediterranean Basin, East Asia and South America, L. infantum is the 

causative agent of CanL (Table 1) (Bates, 2007; Kedzierski, 2011). L. infantum was 

described primarily in dogs from Tunisia by Nicolle and Comte in 1908 (Nicolle & Comte, 

1908). The domestic dog (Canis lupus familiaris) is recognized as the predominant 
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peridomestic reservoir host of the parasite in this widely propagated zoonosis in which 

humans are considered occasional hosts (Chappuis et al., 2007; Quinnell & Courtenay, 

2009). As reservoirs, dogs play an important role in the perpetuation of Leishmania life 

cycle and in the continuation of parasite transmission (Saridomichelakis, 2009; Seva et 

al., 2016; Torrecilha et al., 2016).  

The transmission of Leishmania parasite occurs during the blood-feeding of 

infected female phlebotomine sandfly, the exclusive, so far known, vector responsible of 

Leishmania species transmission. Of the 800 existing sand fly species, about 90 are 

known to be competent in transmitting the parasite to mammals. In South America, sand 

fly vectors belong to the genus Lutzomya, whereas in Europe and Asia they belong to the 

genus Phlebotomus (Table 1) (Pace, 2014). These noiseless arthropods (2 mm length) 

are active since the night-fall, between spring and autumn in Mediterranean basin and 

Asia, and during all year in South America (Piscopo & Mallia, 2006). During the winter, in 

temperate climate countries, infected dogs maintain the survival of the parasite. The sand 

fly also possesses the capacity to fly distances between 200 m and 2.5 Km. Its positive 

phototropism makes possible the entrance in houses at night increasing the anthroponotic 

potential of the disease. Some sand flies are adapted to particular Leishmania species 

due to specific enzymatic activities and ligands present in the gut of the insect. The 

repeated sand fly bites in the host increases the success of the parasite transmission. In 

dogs, sand flies feed in most exposed and hairless (or scarcely haired) areas, like the 

nose, head, ears and perianal zone (Volf, 2006; Solano-Gallego et al., 2009). 
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Table 1 - Geographical distribution of Leishmania species that infect dogs and respective 

sand fly vector 

 

Leishmania 

species 

Geographical 

distribution 
Transmission 

Mammalian 

hosts 

Proven sand fly 

vectors 

L. infantum 

Mediterranean 

Basin, Central and 

East Asia 

Zoonotic 
peridomestic 

Domestic dog 

Phlebotomus 

perniciosus, P. ariasi, P. 

perfiliewi, P. neglectus, 

P. langeroni, P. tobbi, P. 

chinensis, P. alexandri 

L. tropica North Africa, West 
and Central Asia 

Urban 
anthroponotic 
and zoonotic 

Humans, 
Hyraxes 

P. sergenti, P. arabicus; 

L. donovani East Africa and 
Indian subcontinent 

Epidemic 
anthroponotic 

Humans P. orientalis, P. Martini; 

L. infantum 
(=L. chagasi) 

Central and  
South America 

Zoonotic 
peridomestic 

Domestic dog, 
foxes 

Lutzomyia longipalpis, 
Lu. evansi, Lu. olmeca 
olmeca; 

L. braziliensis Central and  

South America 

Sylvatic  
zoonotic 

Forest rodents Lu. wellcomei, Lu. 

spinicrassa, 

Lu. whitmani, Lu. 

yucumensis, 

Lu. carrerai carrerai, Lu. 

llanosmartinsi, 

Lu. ovallesi, Lu. 

intermedia, Lu. gomezi, 

Lu. trapidoi, Lu. 

ylephiletor, Lu. 

Umbratilis 

L. panamensis Central America Sylvatic  
zoonotic 

Sloth Lu. trapidoi, Lu. 
ylephiletor, Lu. gomezi, 
Lu. panamensis, Lu. 
Hartmanni 

L. peruviana Peruvian Andes Upland   
zoonotic 

Unknown, 
dog? 

Lu. peruensis, Lu. 

verrucarum, Lu. 

Ayacuchensis 

 

*Data from (Bates, 2007; Schonian et al., 2008; Solano-Gallego et al., 2009) 
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Primarily, the parasite transmission depends on the ideal environment conditions 

as on the abundance of competent vectors and susceptible hosts. Thus, natural 

transmission occurs where competent species of vectors and susceptible hosts are 

present. Still, non-vectorial forms of infection have been already reported, namely by 

blood transfusion, transplacental and venereal paths. These transmission routes are not 

common but may have an important role in environments where competent adapted 

vectors are absent (Alvar, 2002; Vida et al., 2016).  
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Leishmania life cycle 

 

Leishmania is a dimorphic protozoan, which completes its life cycle in two stages: 

extracellular promastigote developmental stage - in the sandfly vector - and intracellular 

amastigote developmental stage - in a mammalian host. During the blood feeding the 

parasitized female sandfly inoculates flagellated promastigotes through the proboscis into 

the mammalian host. In this process, the insect lacerates blood capillaries and injects 

saliva that prevents blood clotting, and releases between 100 and 1000 metacyclic 

promastigotes by regurgitation (Roberts, 2005). The promastigotes attaches to host cells 

surface and are phagocytosed by neutrophils, macrophages and dendritic cells in the host 

dermis. The parasites are able to survive in macrophages, differentiate into amastigotes 

and multiply in the phagolysosomes. The amastigotes are then released by the 

macrophage membrane rupture and infect other macrophages in the reticulo-endothelial 

system, amplifying the infection (Teixeira et al., 2013). When a phlebotomine sand fly 

feeds from the blood of an infected host, ingests macrophages infected with amastigotes. 

In the sandfly mid gut the decrease in the temperature and the increase in pH triggers the 

differentiation and development of the promastigotes in the vector, culminating in the 

differentiation into infective metacyclic promastigotes in the anterior segment of its 

digestive tract (metacyclogenesis) (Bates, 2007).  

 

Figure 1 - Leishmania life cycle – Sand fly stage and mammalian host stage. 
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Immunological and clinicopathological features 

 

The outcome of the infection depends on the immune response that is assembled 

by the host, on the species of the Leishmania parasite as well as on the genetic 

background of the host. Some factors are thought to be connected with resistance or 

susceptibility by dogs to Leishmania infection. Age, genetic background, co-infections, 

nutrition and virulence of the parasite strain can interfere with polarity of the immune 

response and thus with clinical status. Some dog breeds seem to be more susceptible to 

the development of disease: Boxer, Cocker spaniel, Rottweiler and German shepherd 

(Saridomichelakis, 2009; Solano-Gallego et al., 2009). 

At immunological level, resistance to infection is generally dependent on the T-

helper-1 (Th1) cell-mediated response, with the subsequent production of interferon 

gamma (IFN-Ɣ), interleukin-2 (IL-2) and nitric oxide (NO) that mediates parasite 

elimination in macrophages, preventing infection propagation (Dunning, 2009). The 

susceptibility to infection is associated with a mixed-Th2 dominated immune response that 

is ineffective and non-protective (Alvar et al., 2004; Koutinas & Koutinas, 2014). There is 

production of interleukin-4 (IL-4) and interleukin-6 (IL-6) and the defective cell-mediated 

immunity results in B cell activation and overproduction of immunoglobulins. This strong 

humoral response is characteristic of susceptible hosts, but is not effective in parasite 

killing, and as a consequence there is an uncontrolled parasite growth. In CanL, 

depending on the type of the immune response, the infection can have different 

outcomes, ranging from infected-resolved dogs, infected dogs without clinical signs of the 

disease, to dogs with mild clinical disease or severe clinical disease (Noli & 

Saridomichelakis, 2014; Oliva et al., 2014).  

Once the parasite infects the dog, there is an incubation period that can be highly 

variable (from weeks to several years) until the observation of clinical signs. Some 

infected dogs may never develop clinical disease. The most common clinical 

manifestations observed in dogs with leishmaniosis are: cutaneous ulcerations, 

generalized lymphadenomegaly, splenomegaly, alopecia, anorexia, progressive weight 

loss, ocular lesions, onychogryphosis, muscular atrophy, lameness, vomiting and diarrhea 

(Figure 2). Skin lesions are the most frequent clinical manifestation (Alvar et al., 2004; 

Sousa et al., 2011). Atypical cutaneous manifestations can also be observed, such as 

depigmentation, panniculitis, digital and nasal hyperkeratosis (Melendez-Lazo et al., 

2017).  
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Figure 2 - Clinical signs observed in dogs with leishmaniosis. A – Severe weight loss and 

muscular atrophy; B - Ulcerated cutaneous lesion; C – Onycogryphosis; D – Conjunctivitis 

with corneal opacity. Adapted from (Foglia Manzillo et al., 2013; Koutinas & Koutinas, 2014)  

 

In susceptible dogs, the parasites spread to different organs such as lymph nodes, 

spleen, liver, bone marrow, skin, kidney, bladder, reproductive organs, digestive and 

respiratory system. As the infection progresses, the organ function becomes altered due 

to inflammatory reactions and viscero-cutaneous signs start to be observed. Renal 

damage is a characteristic of severe disease and it is the main cause of mortality in dogs 

with CanL (Paltrinieri et al., 2016). Renal failure occurs due to the deposition of immune 

complexes as a result of an excessive humoral response (Koutinas & Koutinas, 2014). 

The resistant infected dogs can remain their whole life without expressing clinical signs; 

however some factors as co-infection with other(s) pathogen(s) or immunosuppression 

can lead to clinical disease, breaking the immunological mediated-cell equilibrium. In 

addition, clinicopathological abnormalities (hematological and biochemical) are observed 

in dogs with CanL and are helpful in evaluating disease progression and in diagnosis 

confirmation (Foglia Manzillo et al., 2013; Nicolato Rde et al., 2013). The most common 

are: anemia, leukopenia, increased liver enzymes activities (alkaline phosphatase and 
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gamma-glutamyl transpeptidase), increased serum creatinine, urine proteinuria, 

hyperglobulinemia and hypoalbulinemia (Alvar, 2002; Wylie et al., 2014).  
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Epidemiology & asymptomatic infection 

 

CanL is present in all continents except Oceania and is endemic in 70 countries 

among the 98 where HL is present. Geographically it comprises three major areas: the 

Mediterranean and peri-Mediterranean area (Portugal, Spain, France, Italy, Greece, 

Turkey and North Africa), South and Central America (mainly Brazil and Venezuela) and 

East Asia (mainly China). Some studies estimate that in the Southwestern Europe 2.5 

million in 15 million of dogs (16.7%) may be infected with L. infantum. (Alvar et al., 2004; 

Cardoso et al., 2004a; Dujardin et al., 2008; Wylie et al., 2014). 

 

 

Figure 3 – Geographical distribution of zoonotic leishmaniosis. 

 

 

Leishmaniosis is one of the main dog killers in Mediterranean countries. In these 

endemic areas most of the dogs are exposed to L. infantum. Epidemiological studies 

show that seroprevalence of CanL can range between 10% and 30%, depending on the 

regions (climate, vectors). Infection by L. infantum can reach 85% in some areas. As a 

rule, clinically diseased dogs are seropositive, notwithstanding, some clinically healthy 

animals can also show seropositivity. This is demonstrated in epidemiological studies that 

include various countries of Mediterranean Basin: Portugal, Spain, France, Italy, Greece 

and Turkey (Cardoso et al., 2004b; Baneth et al., 2008; Albuquerque et al., 2017). 
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It is known that feral, rural and sheepdogs have higher risk of infection because 

they are more exposed to sand flies than those living in urban areas (Palatnik-de-Sousa & 

Day, 2011). The estimation of infection though seroprevalence is an important 

epidemiological parameter, but may underestimate the true prevalence of infection as it 

depends on the seroconversion of infected dogs (Porrozzi et al., 2007; Sousa et al., 

2011). The principal problems in the sero-identification of infected animals are the 

significant latent period before seroconversion, animals that may never seroconvert and 

the difficulty in detection of low antibody titers in early stages of the infection (Otranto et 

al., 2009). In fact, molecular biology approaches showed that in endemic areas at least 

half of the infected dogs with L. infantum can be described as clinically healthy and 

seronegative (Lachaud et al., 2003; Wylie et al., 2014).  These dogs that are infected but 

apparently healthy act as reservoirs, capable of transmitting the parasite to the vector and 

contributing not only to maintenance of CanL but also to incidence of HL. Notwithstanding, 

the association between canine and human infection is stronger when the socioeconomic 

conditions are feeble and pet health is a secondary concern to the owners (Cardoso et al., 

2004a; Albuquerque et al., 2017). 

The available data suggest that CanL is spreading northwards as it has been 

reported in countries traditionally non-endemic (Millan et al., 2014; Maia & Cardoso, 

2015). The detection of L. infantum vectors in central European countries in conjunction 

with climate change can be key factors in the establishment of CanL in these areas in the 

future. Further, pet dogs travelling from Northern Europe to Southern Europe during 

summer months can raise the risk of infection to 0.23% (Baneth et al., 2008). This can 

lead to the spread of new cases of CanL to non-endemic areas, with consequent 

increasing number of dogs with CanL in countries as Germany, Netherlands and United 

Kingdom. In non-endemic areas CanL is considered to be under-reported, mainly if the 

disease is not notifiable (Ready, 2010; Best et al., 2014).  
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1.2. Prevention & control of canine leishmaniosis
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CanL it is not only a veterinary concern but also a public health issue and it is 

classified as category 1 zoonotic disease. Control and prevention of CanL is required, not 

only to protect canines, but is also part of the HL management strategies according to the 

WHO. CanL prevention and control involve protection of the dogs from the vector, 

vaccination, treatment and euthanasia. The control of CanL involves cooperation of 

veterinarians, public health authorities and population, along with an approach that 

includes intervention on global information, education, animal welfare, vector control, and 

environment management (Roberts, 2005; Quinnell & Courtenay, 2009; Otranto & 

Dantas-Torres, 2013; Seva et al., 2016). 
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Vector 

 

One of the simplest measures for controlling CanL spread is the use of 

insecticides. Insecticides interfere directly with the vector-host dynamics, stopping 

infection and breaking Leishmania life cycle. The use of topical insecticides includes 

chemicals such as permethrin and deltamethrin. Permethrin is an insecticide widely used 

and it is directly applied in the dog as a spot on. It presents good repellent and insecticidal 

effects (with effects within 1 hour), and low toxicity to host. The action period of permethrin 

is 2 to 3 weeks (Noli & Auxilia, 2005). Deltamethrin is used impregnated in collars with a 

long lasting effect that can surpass 6 months (Quinnell & Courtenay, 2009; Gramiccia, 

2011). The insecticide is gradually released and distributed in subcutaneous adipose 

tissue. Several studies prove that the use of deltamethrin collar in a range of 70-90% of 

total dog population (seropositives, seronegatives and treated animals) can decrease 

infection more than 80%. The replacement of dog collars is critical after the 6 months or in 

the case of damage or loss. Combined insecticides can be also used with success (for 

example imidacloprid plus permerthrin or pyriproxifen) with a strong repellent effect. The 

activity of deltamethrin is vast and it is effective in different regions: Europe, Asia and 

South America, showing anti-bite and lethal effects in both Phlebotomus and Lutzomia 

genera. Overall, these insecticide-impregnated collars present a high level of efficacy, are 

simple and well received in public policies. The maintenance of appropriate insecticidal 

conditions is crucial to reduce infection risk and transmission, and to protect dogs and 

humans (Alvar, 2002; Miro et al., 2008; Seva et al., 2016).  
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Vaccines 

 

Vaccination the most important strategy to provide protection from infectious 

diseases as well as for reducing the incidence of a disease in the population. Currently 

there is no vaccine for HL. Promoting research of HL as well as CanL vaccines is an 

important goal to achieve an efficient and effective control of the leishmaniosis, enabling 

the reduction of the number of non-infected animals, and consequently reducing the threat 

of human infection. The research of potential vaccines candidates is part of the strategy of 

WHO to control leishmaniosis (Miro et al., 2008; Palatnik-de-Sousa, 2012; Foroughi-

Parvar & Hatam, 2014; Jain & Jain, 2015; Regina-Silva et al., 2016). 

An effective vaccine should stimulate a strong long-lasting protection. Vaccine 

protection to CanL must elicit the development of a cell-mediated immune response with 

macrophage and cytotoxic T cells activation, production of IFN-Ɣ, TNF-α and NO ( Reis et 

al., 2010; Foroughi-Parvar & Hatam, 2014; Resende et al., 2016). 

At the moment there are three vaccines commercially available for CanL: 

LeishTech® (Hertape Calier, Brazil) in Brazil, and CaniLeish® (Virbac, France) and 

LetiFend® (Leti, Spain) in Europe. They are second generation vaccines that elicit 

immunization through defined parasite antigens: Leishmania recombinant antigens cloned 

in expression vectors or purified parasite fractions (Foroughi-Parvar & Hatam, 2014). 

Brazil licensed the first commercial vaccine against CanL in 2003 (Leishmune® - Zoetis) 

that was removed from the market in 2014. LeishTech® vaccine was licensed in 2008 and 

is composed by recombinant A2 antigen from L. donovani and uses saponin as adjuvant 

(Regina-Silva et al., 2016). Three primary doses have to be administrated with interval of 

21 days followed by an annual booster. CaniLeish® has been used in Europe since 2011 

with a formulation of purified excreted-secreted proteins from L. infantum promastigotes 

(LiESP), using saponin-derivated QA-21 adjuvant. The protocol also includes three 

primary doses with 21 days of interval followed by an annual booster. The composition of 

LetiFend® vaccine is a chimeric protein (protein Q) constituted by five fragments of four L. 

infantum proteins (H2A, LiP2a, LiP2b and LiPo), and has no adjuvant (Wylie et al., 2014; 

Miro et al., 2017). LetiFend® was licensed in 2016 and the administration is done by one 

primary dose and an annual booster (Solano-Gallego et al., 2017).  

Despite the great advances in last decade in the search of a CanL vaccine, the 

optimal 100% efficacy was not still achieved. According with some field studies in Brazil 
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and in Europe (France, Italy and Spain), vaccination with LeishTech® and CaniLeish®. 

demonstrate 70% of efficacy. There is no sufficient data with regard to LetiFend® in large-

scale studies as it is a very recent available vaccine. The vaccine is reported by one study 

to reduce infection in 6.7% and clinical manifestations in 19.9% of the vaccinated dogs 

(Fernandez Cotrina et al., 2018). Without 100% of protection, some vaccinated animals 

develop the disease, however with a less severe progression (Oliva et al., 2014; Regina-

Silva et al., 2016; Seva et al., 2016; Miro et al., 2017). 
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Treatment 

 

Several drugs have been tested since 1970’s to treat leishmaniosis. WHO 

recommends the use of the available anti-Leishmania chemotherapy to treat exclusively 

HL, although European dogs have been treated with the second line of human drugs (Miro 

et al., 2017). Pentavalent antimonials are the most common drugs used to treat CanL. 

Meglumine antimoniate is pentavalent antimony that inhibits phosphofructokinase 

enzyme, interfering with parasite metabolism. The most common side effects are 

nephrotoxicity, gastrointestinal disorders and vomiting. Meglumine antimoniate is often 

used in combination with allopurinol, a hypoxanthine metabolized into an inactive inosine 

analogue, inhibiting protein synthesis (Noli & Auxilia, 2005). Allopurinol presents low 

toxicity and it is a valuable drug due to its low cost and easier-oral administration. The 

combination of meglumine antimoniate and allopurinol is the first line pharmaceutical 

protocol. Miltefosine (developed originally as antineoplastic drug) is an alternative to first 

line protocol, and its activity affects signaling pathways and cell membrane synthesis. It 

also stimulates T cell and macrophage activity and production of NO (Barbirieri, 2006). 

Miltefosine is recommended for treating dogs with chronic kidney disease as it shows low 

nephrotoxicity, and is also used in combination with allopurinol (Table 2) (Miro et al., 2008; 

Noli & Saridomichelakis, 2014).  
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Table 2 – Chemotherapy protocols used for CanL treatment* 

 

Drug Dose Time of treatment 

 

Meglumine antimoniate 

 

50 mg / kg / 12h 

 

4 – 6 w ** 

 

Allopurinol 

 

10 mg / kg / 12h 

 

6 – 24 m ** 

 

Miltefosine 

 

2 mg / kg / 24h 

 

4 w 

 
Meglumine antimoniate + 
allopurinol 

 
50 mg / kg / 12h + 10 mg / kg / 
12h 

 

4 w (MA) ** + 6 – 12 m (Allo)** 

 

Miltefosine + allopurinol 

 

2 mg / kg /24h + 10 mg / kg / 12h 

 

4 w (MF) ** + 6 – 12 m (Allo) 

 

*Data from (Noli & Auxilia, 2005; Miro et al., 2008; Miro et al., 2017; Noli & Saridomichelakis, 2014) 

**w: weeks; m: months; MA: Meglumine antimoniate; Allo: allopurinol; MF: miltefosine 

 

The choice of the best commercial available chemotherapy is based on clinical 

examination and clinicopathological abnormalities (Melendez-Lazo et al., 2017). Disease 

prognosis depends on the severity of illness, principally regarding kidney damage. 

Although the dogs presenting moderate disease respond very well to chemotherapy, the 

complete cure with total elimination of parasite is usually not achieved: these animals stay 

subclinically infected and continue to be infectious to sand flies. Furthermore, within one 

year after stopping the chemotherapy approximately 80% of the dogs suffer a relapse 

(Goto et al., 2009). The advances in treatment protocol and clinical monitoring enable an 

improvement in disease recovery, reducing the kidney disease and renal failure caused by 

leishmaniosis (Alvar, 2002; Solano-Gallego et al., 2009). 
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Euthanasia 

 

In some geographical areas dog euthanasia has been used as a strategy to control 

leishmaniosis spread to other dogs and humans (Johansen & Penrith, 2009; Lima et al., 

2012). Euthanasia is a controversial issue regarding its efficacy as a method of 

decreasing infection incidence. Several studies in Brazil and China showed that human 

disease suffered no alteration with application of massive dog elimination (Palatnik-de-

Sousa, 2012; Miro et al., 2017;). Despite its importance in Leishmania transmission, dogs 

are not the only reservoir of the parasite, mainly in rural or sylvatic areas, where wild 

reservoirs are present.  Further, due to the lack of sensitivity of serological methods as 

well as the time gap of seroconversion, infected healthy animals remain undetectable, and 

active reservoirs are maintained in the intervention area (Costa et al., 2013). The 

replacement of sacrificed dogs by others potentially infected (or susceptible), from 

surrounding areas, is also a problem in massive euthanasia programs. The possibility that 

the real coverage area could be not accomplished by these programs is also a reality 

(Miro et al., 2008; Quinnell & Courtenay, 2009).  

Many countries do not follow this approach to control CanL. Currently in China, 

euthanasia is not being applied but it is mandatory to report all the cases to be treated and 

monitored. In Brazil, where culling has been used as a control measure, veterinarians and 

health workers are now pressuring to stop this procedure (Laurenti et al., 2013; Miro et al., 

2017). Dog euthanasia brings ethical, cultural, social and emotional problems. Dogs are 

companion animals, considered family members for many owners, and euthanasia is not 

well accepted. Veterinarians and dog owners are motivated to treat and/or protect 

showing resistance to euthanasia mainly when the animal is clinically healthy. 

Furthermore, the high number of stray dogs in countries like Spain or Brazil is an obstacle 

in the success of euthanasia intervention (Johansen & Penrith, 2009).  

 The failure of euthanasia as a control measure in many geographical areas and 

the unavailability of sensitive methods for detection of infection, is leading to a growing 

discussion of using combined control measures, like vaccination and insect repellents as 

an valuable improvement in CanL control programs (Alvar, 2002; Miro et al., 2008; 

Quinnell & Courtenay, 2009; Costa et al., 2013). 
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1.3. Laboratorial detection of Leishmania infection 
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In CanL clinical signs are not pathognomonic. Also, the clinicopathological 

abnormalities, based on blood count, biochemical profile and urine analysis are broad and 

non-specific. Therefore, an accurate diagnosis of CanL is based on an integrative 

approach of clinical evaluation and clinicopathological assessment in conjunction with a 

Leishmania-specific laboratory test. Laboratory identification of Leishmania infection is 

very important not only in disease confirmation, as it is needed in decision-making for 

chemotherapy, but also for identification of infected animals in epidemiological screening 

studies (Castellanos-Gonzalez et al., 2015). The most common and useful laboratory 

methodologies performed to confirm CanL diagnostic are: parasitological (parasite direct 

visualization, parasite culture or immunochemistry), molecular (Leishmania 

deoxyribonucleic acid - DNA - detection) and serological (anti-Leishmania antibodies 

detection) (Reithinger & Dujardin, 2007; Gomes et al., 2008) . Each test has a different 

level of sensitivity and specificity and associated cost. Some of them are expensive and 

must be performed by skilled technicians. Considering this, it is important to ponder the 

choice of the test according with the purpose of its applicability, which can be: 

epidemiological studies, screening dogs before the entry to non-endemic countries, 

confirmation of infection in clinical diseased dogs or checking infection in dogs that 

contacted with clinical diseased dogs) (Mencke, 2011; Oliva et al., 2014; Torpiano & 

Pace, 2015). 
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Parasitological detection 

 

Leishmania amastigotes can be visualized by microscopy from within 

macrophages in lymph node (LN), spleen (SP) or bone marrow (BM) tissue obtained by 

biopsy. Direct microscopy is regarded as the gold, classical confirmatory test of CanL 

(Dharmendra P. Singh, 2010). Samples are usually stained with Giemsa and the 

amastigotes are observed within macrophages as oval bodies (2-3 m in length) with a 

deep red/violet rod-shaped kinetoplast. The specificity (Sp) of microscopy can be high, but 

sensitivity (Se) is variable: 93-99% for SP samples, 53-86% for BM samples and 53-65% 

for LN samples (Sundar & Rai, 2002). When parasite load is low, Se can decrease to 30% 

or less. This is characteristic in clinical asymptomatic Leishmania infections. The accuracy 

of the results is influenced by the laboratory technician experience and expertise as the 

procedure is technically demanding (Srivastava et al., 2011a). The use of aspirates in 

endemic areas or in epidemic outbreaks is very limited: the time and skills required in 

preparing and reading the slides are very difficult to apply in field conditions. Splenic 

aspiration is invasive, painful and risky (internal bleeding risk), and require considerable 

technical expertise, as well appropriated facilities and medical surveillance (which is not 

suitable in field conditions) (Chappuis et al., 2007). BM and LN node aspirates are safer 

but the material obtained is more dilute and therefore less sensitive, raising the risk of 

diagnosing of false negatives (Pattabhi et al., 2010; Torpiano & Pace, 2015). 

Parasite culture is restricted to research or reference laboratories and it is not 

commonly used. Although is a high specific method, Se is variable depending on the 

sample used (LN, SP or BM). Tissue culture is a high cost technique, time-consuming and 

is prone to contamination with bacteria, yeast or fungi (Maia & Campino, 2008; Gao et al., 

2015). Histochemical approaches can also be employed as a supplementary way to 

confirm the presence of Leishmania parasite, namely when parasite load is low. 

Nevertheless the expertise and training required, time consumption and cost implied are 

characteristics that have to be considered when applying these methods (Srivastava et 

al., 2011a; Elmahallawy et al., 2014; Torpiano & Pace, 2015). 
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Molecular detection 

 

 In the last decade, molecular techniques contributed to a more sensitive and 

specific tool to detect Leishmania DNA. Amplification-based methods - polymerase chain 

reaction (PCR) - constitute the main molecular diagnostic approach for researchers and 

health professionals. PCR has proved to be a sensitive and specific test to identify the 

presence of Leishmania DNA (Cortes et al., 2004; Reithinger & Dujardin, 2007; Spinello 

Antinori 2009). 

Detection of Leishmania DNA includes conventional PCR, nested PCR and real-

time PCR (RT-PCR). The Se of a PCR assay primarily depends upon some factors: 

biological sample type, DNA extraction method, concentration of the DNA target and the 

selected PCR primers (Alvar et al., 2004; Albuquerque et al., 2017). Biological samples as 

blood, lymph node, bone marrow and spleen can be used for DNA extraction. Peripheral 

blood is more suitable because it is a less invasive way to obtain DNA, although the Se 

can decrease. In this case, buffy coat preparations can be used to improve Se. As PCR 

demonstrates good Se and Sp, it is especially useful in detecting Leishmania in clinical 

healthy animals which are characterized by low or intermittent parasitemia (Torpiano & 

Pace, 2015). Nested PCR is performed in two steps with two different sets of primers and 

demonstrate higher Se and Sp. Non-specific amplifications are reduced but the protocol is 

more time-consuming and demands more caution to avoid contamination risk (Carson et 

al., 2010). RT-PCR has revolutionized the way laboratories detect human pathogens in 

general, by adding higher levels of Se and Sp, speed, easy to use and reducing 

contamination risk (no post-handling is required). Further, if RT-PCR is used, 

quantification of parasites can be performed and disease progression monitored (Espy et 

al., 2006). The main limitations are the high cost associated with equipment, the 

requirement of more technical expertise and the lack of protocols (Reithinger & Dujardin, 

2007; Miro et al., 2008; Akhoundi et al., 2017).  

PCR targets should be chosen according to the aim to which it is directed. PCR-

based assays using kinetoplast DNA targets are the most sensitive for the diagnosis of 

leishmaniosis, but they identify Leishmania parasites only to the generic or subgeneric 

level, whereas other PCR targeting intergenic regions in nuclear DNA are better when 

rapid and reliable species identification is needed (Koltas et al., 2016). There are many 

different genomic regions that can be considered in PCR protocols: ribosomal ribonucleic 
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acid (rRNA) transcription units (18S rRNA, 5.8S rRNA and 28S rRNA), internal transcribed 

spacer 1 (ITS1), kinetoplast DNA (kDNA minicircle and kDNA maxicircle), and protein 

coding genes, such as heat-shock protein 70 (hsp70), cysteine protease B (cpB) or 

histones (H2A, H2B) (Akhoundi et al., 2017). PCR that targets genomic DNA of the 

internal transcribed spacer 1 (ITS1) region of the rRNA genes was shown to be highly 

sensitive in detecting L. infantum DNA in samples from spleen and lymph node aspirates 

from seropositive dogs or when DNA was purified from conjunctival swabs taken non-

invasively. The kinetoplast contains abundant, specific, repetitive DNA sequences 

(organized in thousands of maxicircles and minicircles) which are widely used as targets 

for PCR assay because this molecular target is present in about 10 000 copies per 

parasite (Alborzi et al., 2008). As the choice of the PCR assay will depend on the aim of 

the test (parasite detection or taxonomic studies), evaluation of the cost/benefit has to be 

done (Miro et al., 2008; Spinello Antinori 2009). 

 In endemic areas, the need for sophisticated, expensive equipment, infrastructure, 

and trained personnel limits the practicality of the method (Hirve et al., 2017). PCR gives 

no information about immunological status of the host and is not suitable to analyze large 

number of samples (Cardoso et al., 2004a). Consequently it is less useful in large 

epidemiological studies or in quick management of leishmaniosis outbreaks (Jamal et al., 

2017). Further, there is lack of standardization in PCR protocols that are used in 

laboratories worldwide, namely in the selection of the Leismania DNA sequences target. 

Molecular approaches remain expensive and, thus, it still remains a challenge developing 

PCR platforms more user-friendly and cost-effective, especially in remote areas where 

leishmaniosis is endemic (Reithinger & Dujardin, 2007; Torpiano & Pace, 2015).  
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Serological detection 

 

 Serological tests are based on the detection of antibodies (immunoglobulins – Ig) 

that recognize Leishmania antigens. The most commonly available routine techniques 

performed in laboratory are: direct agglutination test (DAT), indirect fluorescence antibody 

test (IFAT) and enzyme-linked immunosorbent assay (ELISA) (Gramiccia, 2011; 

Lauricella et al., 2016; Santarem et al., 2005). These assays, which were confined 

previously to human use, are also applied in veterinarian field and have been widely used 

due to their less invasive characteristics, easiness, accuracy and adaptability to 

epidemiologic surveys and disease surveillance (Sundar & Rai, 2002; Sousa et al., 2011). 

Large number of samples can be analyzed fast and less expensively requiring no high 

expertise when compared with other methodologies. It also provides valuable information 

in a short period of time. Serological approaches have some limitations due to cross-

reactions with antibodies to other pathogens commonly found in endemic areas, like 

Trypanosoma cruzi (T. cruzi), Babesia canis (B. canis), Ehrlichia canis (E. canis) and 

Toxoplasma gondii (T. gondii), which can originate false positives results (Maia & 

Campino, 2008; de Paiva-Cavalcanti et al., 2015). The time gap between infection and 

seroconversion, that can vary from weeks to years (in many cases a lifetime), can lead to 

false negative results as Leishmania specific antibodies are not abundant. Also, as anti-

Leishmania antibodies may persist for years after infection, current and past infections 

cannot be distinguishable (Reithinger et al., 2003; Goto et al., 2006). 

DAT assay has been used as a diagnostic tool for more than 25 years. It was the 

first serological test to be developed for detecting antibodies anti-Leishmania (Canavate et 

al., 2011). It is based in direct agglutination of Leishmania promastigotes, either in 

suspension or freeze-dried, with anti-Leishmania antibodies. It is simple, cheap, robust, 

reliable, and so, is well accepted as a routine serologic test as it can be performed in 

laboratories with minimal equipment without the need of electricity (Islam et al., 2004; 

Elmahallawy et al., 2014). Test results can be read visually, as positive or negative, with 

naked eye, but requires trained technicians. The main limitations are: reproducibility of 

results due to antigen preparation, the long 18 hours incubation time and the need to 

make serial dilutions of samples to determine the end point titer (Schallig et al., 2002a) . 

Also, the determination of end point titer can be subjective, giving inter-observer and inter-

laboratory discrepancies (Adams et al., 2012). According to several studies, Se and Sp of 
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DAT can range between 71-100% and 72-100% respectively (Table 3). In 2001 fast 

agglutination screening test (FAST) was developed with some improvements 

comparatively with DAT that allowed it to be adaptable to field conditions, for screening 

large number of samples. FAST test requires only one serum dilution and the incubation 

time is 3 hours (Srivastava et al., 2011b; Gustavo A. S. Romero, 2010; Oliveira et al., 

2016).   

IFAT test is considered the gold standard of serological approaches. The whole 

promastigote Leishmania parasite is used as antigen fixed on slides. Results are given by 

visualization of the slides in a fluorescence microscope (Paltrinieri et al., 2016). The 

interpretation of IFAT may be subjective, dependent on the skill and experience of the 

operator and its application requires expensive equipment and adequate facilities being 

mostly restricted to reference laboratories (Elmahallawy et al., 2014). Other limitation of 

IFAT technique is the need of serial dilution to determine the end point titer which can be 

highly variable among laboratories, being difficult to set a common threshold to distinguish 

between positive and negative sample: the cut-off titer can vary between 1:40 and 1:320. 

Serial dilutions make difficult the analysis of large number of samples and the adaptability 

to field conditions and primary care (Maia & Campino, 2008). Cross-reactivity reactions 

often occur with antibodies anti- T. cruzi. There are some commercial IFAT tests available 

but in general laboratory-made preparations are more effective. Se given by IFAT 

technique can vary between 72-100% and Sp between 66-100% according to several 

authors and studies (Table 3) (Otranto et al., 2005; Solano-Gallego et al., 2009; Canavate 

et al., 2011; Srivastava et al., 2011a).  

Quantitative serology given by ELISA is recommended for the detection of anti-

Leishmania antibodies (Mencke, 2011). ELISA is a serological classic test widely applied 

and it is a very practical methodology. It is easy to use and is cost effective. It is suitable 

for mass screen analysis as it allows the analysis of a large number of samples in few 

hours (Silvestre et al., 2009; Mohapatra et al., 2010;). ELISA methodology is present in 

many laboratories across Europe being especially suited for CanL surveillance. The 

quantification of antibody levels is made by means of spectrophotometry. Quantitative 

information allows a better understanding of the stage of the infection when analyzed in 

conjunction with clinical evaluation. Usually, high antibodies levels are associated with 

active disease and high parasitism, whether low or intermediate levels can be associated 

with a subclinical stage of infection (Solano-Gallego et al., 2014).  The most commonly 

antigen employed is the whole parasite extract – soluble Leishmania antigen (SLA) -  

whether the promastigote form, denominated soluble promastigote Leishmania antigen 
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(SPLA) or the amastigote form, soluble amastigote Leishmania antigen (SALA). SLA 

demonstrates high levels of sensitivity, although specificity falls short of what have been 

desirable (Souza et al., 2013). This is explained by the presence of common cross-

reactive Leishmania epitopes, particularly those shared with Trypananosomatidae (Table 

3) (Mettler et al., 2005; Ferreira Ede et al., 2007; Solano-Gallego et al., 2011; Sousa et al., 

2011).  

In ELISA Se and Sp are influenced by the type of antigen employed (de Paiva-

Cavalcanti et al., 2015). The use of Leishmania purified recombinant proteins often 

improves Se and Sp, with limitations regarding on the detection of infection in clinically 

healthy infected dogs (Reithinger et al., 2002; Santarem et al., 2010; Garcia et al., 2017). 

Albeit serological approaches are a valuable, non-invasive alternative tool to detect 

Leishmania active infection, and despite of the technical and scientific advances, the 

difficulty of their application on the field remains one of the main limitations of these 

methodologies. During the last 20 years several studies reported a good performance in 

the use of recombinant K39 protein (rK39) obtained from L. infantum in ELISA test (Goto 

et al., 2009).  The high values of Se and Sp in the detection of infection in clinically sick 

dogs, leaded to its adaptation to an easiest type of test, denominated as dipstick-ELISA or 

most commonly, immunochromatographic test (ICT) (Hirve et al., 2017). ICT consists of a 

nitrocellulose membrane strip where the antigen is immobilized. The sample (peripheral 

blood or serum) is directly applied on the strip and positive reaction is visualized by the 

presence of a band color in the presence of anti-Leishmania antibodies. Results can be 

visualized in 10-20 minutes (Srivastava et al., 2011a; Torpiano & Pace, 2015). Currently, 

ICTs are largely used, as they are user-friendly, practical, and give qualitative results on 

the spot in a rapid way, without the need of trained personnel. This make possible a 

immediate veterinarian intervention (Alvar et al., 2004). Also, they are stable in a 

temperature range between 4ºC and 30ºC. These characteristics make ICTs a simple and 

quick alternative to use in field conditions where, often, the health services are far from 

being ideal. ICTs are suited for large scale studies as well as point-of-care screen, and 

they are especially useful in endemic areas (Mukhtar et al., 2015). Although ICTs are 

affordable, user-friendly, rapid, robust and equipment-free, the Se and Sp are not optimal 

and often variable, especially when detecting infection in clinically healthy but infected 

dogs (Table 3) (Mettler et al., 2005; Otranto et al., 2005; Grimaldi et al., 2012a).  
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Table 3 – Characteristics of serological tests for detection of Leishmania infection  

 

Test Time 
Sample 

dilutions 
Antigen Expertise 

Suitable 

for field 
Se % Sp % 

DAT 24 hours Yes Whole 
parasite 

Medium-
High 

No 71 – 100 72 – 100 

IFAT 4-5 hours Yes Whole  
parasite 

High No 72 – 100 66 – 100 

ELISA 4-5 hours No SLA Medium No 80 – 100 86 – 100 

ICT 10-20 
minutes 

No Recombinant 
protein 

Low Yes 72 - 97 61 - 100 

 

*Data from (Schallig et al., 2002b; Mettler et al., 2005; Otranto et al., 2005; Ferreira Ede et al., 2007; Gomes 

et al., 2008; Gustavo A. S. Romero, 2010; Torpiano & Pace, 2015) 
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Era of recombinant antigens  

 

The technical advantages of serological approaches make ELISA a competitive 

test and its improvement is an important step to achieve an accurate detection of 

Leishmania infection, potentially, and importantly, before the onset of clinical disease. The 

choice of the antigen is very relevant to set this goal. Total Leishmania antigen 

preparations (SALA and SPLA) can origin false positive results due to the sharing of 

multiple common epitopes with other microbial species, namely trypanosomatids, and also 

by the potential presence of polyparasitism in the host, which is common in endemic 

areas. Their composition is also variable depending on parasite specie and strain, and 

protocol conditions (Noya et al., 2003). Discovery and validation of new specific antigens 

is still a current challenge in the detection of Leishmania infection, as antigen plays a 

principal role among serological tests. The Se, which is lower in early or in asymptomatic 

infections, may depend upon the test and its methodology, but the Sp will depend on the 

antigen rather than serological procedure used (Menezes-Souza et al., 2014; Menezes-

Souza et al., 2015).  

Since the beginning of the Leishmania genome sequencing in 2001, extensive 

information became available, providing new and innovative tools to identify new antigens, 

and revolutionizing Leishmania research regarding vaccines and diagnosis (Kubar & 

Fragaki, 2005; Smith et al., 2007; Oliveira et al., 2011). In the last two decades, DNA-

based recombinant technology allowed the cloning, characterization and production of a 

high number of Leishmania recombinant version of the individual antigens: the 

recombinant proteins (Boarino et al., 2008; Link et al., 2017). Due to higher potential of 

standardization, high purification grade and improved Se and Sp, recombinant proteins 

are considered valuable tools to improve serological testing (Miro et al., 2008; Jusi et al., 

2015). According to literature, more than 50 recombinant proteins have been described 

and evaluated as potential markers in serological detection of Leishmania infection, and 

more than 30 specifically in canine Leishmania infection (Table 4; Table 5). Recombinant 

proteins are reproducible and easily adsorbed on several scaffold surfaces, making them 

optimal for use in field diagnostic. Furthermore, their use often demonstrated high 

specificity and sensitivity, overcoming cross-reactivity problems which characterize whole 

Leishmania extracts (Sousa et al., 2011). The production of recombinant proteins is 

parasite-independent – not requiring maintenance and processing of live parasites -  and 

so, besides being more uniform and easily standardized, the precise antigenic 

composition is known (Celeste et al., 2014; Menezes-Souza et al., 2015).  



 1-Introduction

   

 
 

66 
 

From the diverse recombinant proteins reported in the literature the most 

commonly described for use in Leishmania infection detection belong to the following 

families: kinesin-related (motor proteins), heat-shock (stress response / protein folding), 

peroxiredoxins (detoxification of peroxides), A2 (stress response), ribosomal, cysteine 

proteases and nuclear (Table 4) (Requena et al., 2000) . Recombinant K39 is the most 

reported protein in literature and a broadly employed antigen for detection of canine 

Leishmania infection. K39 belongs to kinesin family, it is highly conserved among 

viscerotropic Leishmania species and it is constituted by 6.5 copies of tandemly arrayed 

39 amino acids (James M. Burns, 1993). A detailed literature revision showed that 

proteins belonging to kinesin family (K39, K26, K9) are the most reported and described 

with good impact in Se and Sp of the assays, improving general accuracy. K39 represents 

more than half of the publications in this area. The heat shock protein HSP70 is also 

widely reported with high levels of Se in the detection of canine Leishmania infection 

(Quijada et al., 1996; Nieto et al., 1999; Fraga et al., 2012). These proteins play cellular 

roles in protein folding and protein translocation across cellular compartments, and they 

are produced by cells under stressful conditions. A2 is a stage-specific amastigote protein 

which is involved in the parasite visceralization and is reported with more potential in 

detecting CanL asymptomatic infection (Carvalho et al., 2002). Together with protein A2, 

LicTXNPx represent 3% of the publications and is also important as a potential marker in 

asymptomatic infection. LicTXNPx belongs to peroxiredoxins protein family, which are 

upregulated in the infectious forms of the parasite. Anti- LicTXNPx antibodies are reported 

to be present also in experimental symptomatic canine infection, with following decrease 

after infection resolution (Silvestre et al., 2008; Santarem et al., 2010). K28 is a quimeric 

protein (Table 4; Table 5) that was first reported in HL studies as a more sensitive and 

specific as a Leishmania infection serological marker. Recombinant K28 protein as also 

been reported with good accuracy in CanL due to the improved Se and Sp in detecting 

symptomatic and asymptomatic infection, and currently is used in ICT format as a 

screening tool for antibodies anti-Leishmania (Boarino et al., 2005; Pattabhi et al., 2010; 

Lauricella et al., 2016).   
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Table 4 – Most common recombinant proteins reported in literature for detection of canine 

Leishmania infection 

 

 

*Data from January 2016: PubMed research with keywords “canine leishmaniasis* AND diagnosis 

AND recombinant protein. 

 

Several studies state that the use of recombinant proteins-based immunoassays 

often improves the Se and the Sp in the detection of infection in dogs with active or severe 

disease. Nevertheless, it is also reported that Se is lower regarding detection of 

asymptomatic infection (Boarino et al., 2008; Coelho et al., 2012). About 20% to 50% of 

these cases are still missed when screen studies are carried out, with the consequence of 

parasite perpetuation through the permanence of reservoirs (Grimaldi et al., 2012a; de 

Paiva-Cavalcanti et al., 2015; Seva et al., 2016). 

Distinct recombinant proteins used in combination have been described as an 

alternative strategy to improve global accuracy in serological assays, particularly in the 

detection of asymptomatic infection (Manuel Soto, 1998; Santarem et al., 2010). The 

combination of these proteins can be achieved by mixture of individual recombinant 

antigens or by gene-fusion chimeric proteins containing several antigenic determinants 

(epitopes) (Porrozzi et al., 2007; Gomes et al., 2008). Leishmania protozoans present 

characteristic repetitive patterns of nucleotides with two or more copies in their genome 

(tandem repeats-TRs). Most of TRs are B cell epitopes (Goto et al., 2006). Currently, B 

cell epitope prediction can be made through algorithm-based bioinformatic tools that add 

valuable information about epitopic and non-epitopic antigen residues (Assis et al., 2014). 
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Epitope mapping using computational analysis is a valuable tool to identify potential 

immunogenic epitopes for use as serological markers. Additionally, in postgenomic era, 

information about the structures of antigens and antigen-antibody complexes dramatically 

increased, providing useful information and making possible to predict epitopes with more 

effectiveness and reliability (Liljeroos et al., 2015). The majority of the antibodies react 

against conformational epitopes, and thus, proteomic and structural information about 

epitopes and antibodies are determinant (Chavez-Fumagalli et al., 2013; Menezes-Souza 

et al., 2014). Not less important is the biological and molecular context where this 

interaction occurs: the host immune system and its interaction with the parasite. The 

sequence of the protein that contains the epitope and the cellular environment involving 

antibody-antigen interaction will determine the entire processing of a given epitope (Peters 

et al., 2005).    

Proteomic approaches have high potential in the discovery for hypothetical new 

antigenic proteins and identification of immunogenic epitopes that can be produced by 

chemical synthesis, whether as single peptides or in multi-epitopic format (Table 5) 

(Chavez-Fumagalli et al., 2013). This strategy can be particularly useful regarding stage-

specific antigens, as in Leishmania infection course, different antigens are recognized by 

antibodies during different stages of the disease (Silvestre et al., 2008). When compared 

with the original native antigens and recombinant proteins, synthetic peptides are 

structurally less complex and also more specific as they present less, but conserved, 

specie-specific epitopes, reducing cross-reactions with other related infectious 

microorganisms (Boarino et al., 2005). Synthetic peptides that mimic potential 

immunogenic B cell epitopes are able to induce production of antibodies as these 

recognize the native parent molecule (Noya et al., 2003). The production of these 

peptides is cost effective and reproducible. Chemical synthesis does not require antigen 

purification and the final peptide is stable and bacteria-contaminant free. The application 

of synthetic peptides, mainly multi-epitope peptides – combining immunodominant 

epitopes - in serological assays improves the accuracy of the test, increasing global Se 

and Sp, through the potential to cover a wide range of immunoreactivities (Noya et al., 

2003; Chavez-Fumagalli et al., 2013).   
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Table 5 – Proteins described for detection of Leishmania infection in dogs 

 Protein Author 

R
e

c
o
m

b
in

a
n

t 

LiP2a and LiP2b (Soto et al., 1995a) 

LiP0 (Soto et al., 1995c) 

H2A (Soto et al., 1995b) 

K39 (Badaro et al., 1996) 

HSp70 (Quijada et al., 1996) 

HSp83 (Angel et al., 1996) 

H3 (Soto et al., 1996) 

KMP-11 (Berberich et al., 1997) 

GP63 (Morales et al., 1997) 

H2B and H4 (Soto et al., 1999) 

PSA (Boceta et al., 2000) 

A2 (Carvalho et al., 2002) 

CPB and CPA (Rafati et al., 2003) 

K9 and K26 (Rosati et al., 2003) 

LicTXNPx (Silvestre et al., 2008) 

LMSTI1 (Goto et al., 2009) 

SMT (Goto et al., 2009) 

TSA (Goto et al., 2009) 

LRP (Coelho et al., 2009) 

LiHyV (Martins et al., 2015) 

KE16 (Farahmand et al., 2015) 

PQ10, PQ20 (Faria et al., 2015) 

CatL (Menezes-Souza et al., 2015) 

CcOx and HRF (Coelho et al., 2016) 

   

Q
u

im
e

ri
c
 PQ (Manuel Soto, 1998) 

K9-K39-K26 (Boarino et al., 2005) 

K28 (Grimaldi et al., 2012b) 

   

S
y
n

th
e

ti
c
 PSLc6, PSLc8, PSLc10 (Faria et al., 2011) 

Peptide 13, 17, 18, 19, 47 (Costa et al., 2012) 

Peptide-1 (Menezes-Souza et al., 2015) 
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Challenges in serological detection of Leishmania infection 

 

The detection of Leishmania infection is affected by multi-factorial causes making it 

a complex and continuous challenge. Clinically, the disease can be presented by a wide 

range of clinical non-specific signs, making laboratory findings critical in adding valuable 

information to confirm the effective diagnosis. In the field, health professionals face a 

number of potential situations respecting clinical and laboratory evaluation which express 

the heterogeneous course and stadiums of Leishmania infection and the challenge of its 

management. Several types of conditions can be identified in dogs when serological and 

molecular tests, and clinical data are evaluated together (Table 5). 

 

Table 6 – The complex scenario of CanL 

 Clinical 
Signs 

Serology 
Molecular 
Biology 

Clinical 
Condition 

     

Leishmania 
infected 

  + + Diseased 

x + / - + / - Healthy 

     

Non-infected 

x - - Healthy 

x + - Healthy - vaccinated 

x + / - - Healthy - treated 

x + / - - Healthy - exposed 

     

Non-Leishmania 
Infected 

 /  x + / - - 
Diseased - other 

pathologies 

 

 present;  x absent 

- negative; + positive  
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Leishmania infected dogs can be clinically presented as diseased or healthy. 

Clinically diseased dogs usually have a strong humoral response that is detectable by 

serology and the parasite can be identified by molecular biology methods (Alvar et al., 

2004; Lage et al., 2016). Clinically healthy infected dogs usually show no humoral 

response, or sometimes low, and not always the parasite DNA is detectable by molecular 

biology methods. Healthy Leishmania-vaccinated and Leishmania-exposed dogs despite 

of the absence of clinical signs and being negative for the presence of the parasite DNA, 

they can present humoral response when tested by serological methods (Solano-Gallego 

et al., 2017). Finally, dogs that are infected by other microorganisms can present clinical 

signs and humoral response, but are found negative for the presence of Leishmania DNA 

(Alvar et al., 2004).  

The evaluation of Leishmania infection by serological tests should be carefully 

done regarding the epidemiological context in which the dog lives. The absence or low 

serological levels of antibodies or late seroconversion in clinically healthy infected dogs 

can result in false negatives (FN) results. Also, false positives (FP) results can be a 

challenge as they can be caused by co-infections with other pathogens and also by 

vaccination as it elicits seroconversion (Gannavaram et al., 2014). Exposed, healed or 

recovering dogs are also potentially evaluated as infected when tested by serological 

assays. Further, serological tests present variable Se and Sp, depending on the antigen 

and the context where they are applied. Se and Sp of serological test are a critical point in 

the identification and confirmation of infection respectively. It is widely described that Se is 

lower in the detection of Leishmania infection in clinically healthy dogs (Mettler et al., 

2005). An ideal accurate serological test should have high Se to detect early-stage 

humoral response and high Sp to avoid cross-reactive serology with related species that 

co-exist in endemic areas (Solano-Gallego et al., 2011). Se and Sp can also vary as a 

result of the heterogeneous course of infection in dogs, often presenting intermittent 

antibody response, and also can be affected by the parasite genetic diversity (namely the 

pathogenic capability) and its interaction with host immune system (Bhattacharyya et al., 

2013). This genetic diversity between and within species has consequences in disease 

progression and outcome, and can explain different performances in Se and Sp in 

detecting antibodies of distinct strains of L. infantum and in different geographical regions, 

like Europe and Brazil (Smith et al., 2007; Castellanos-Gonzalez et al., 2015). Currently, 

there is no effective serological test that detects infection accurately in all dogs, without 

detecting false cross-reactive antibodies and protective antibodies whether elicited by 

vaccination or by past-resolved infection. Detecting infected dogs with good Se and Sp 

remains a challenge for all professionals involved in CanL control programs and in clinical 
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practice. Infection detection, mainly in early stages of the disease, is extremely important 

to stop Leishmania transmission and protect public health (Cortes et al., 2004; Boarino et 

al., 2008; Maia & Campino, 2008; Solano-Gallego et al., 2011; Lage et al., 2016).  
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Aims of the work 

 

Canine leishmaniasis (CanL) is zoonosis caused by the protozoan from the genus 

Leishmania, and it is one of the major vector-borne parasitic diseases causing mortality 

among dogs (Canis familiaris). CanL is endemic in the Mediterranean basin, South 

America and Southern Asia and affects millions of dogs. Further, a high percentage of 

dogs (60% to 80% in some endemic areas) remain infected without presenting clinical 

signs, underestimating the real prevalence of infection.  

Because of its zoonotic nature, CanL is considered both a major veterinary 

concern and a public health threat. Prevention and control measures regarding dog 

populations are a priority to stop CanL and an accurate detection of Leishmania infection 

is an urgent need. Both veterinary and laboratory expertise are required to identify 

infected animals.   

From the clinical point of view, the signs presented by an infected animal are non-

specific and common with other canine diseases usually present in endemic areas like 

ehrlichiosis, toxoplasmosis and babesiosis. Regarding laboratory approaches, serological 

tests are the most commonly applied in epidemiological studies through the detection of 

antibodies anti-Leishmania. ELISA is a serological test that presents several advantages 

as it is rapid, cheap, user-friendly and allows the analysis of a large number of samples. 

However, the use of whole parasite extracts as antigen limits de sensitivity of the test due 

to cross-reactions with others parasitological diseases. Also, vaccination, as it induces 

humoral response, can give false positive results, making it difficult to distinguish natural 

infection from immunoprophylaxis. The use of recombinant proteins or their combination in 

ELISA assays is a strategy that can improve the global sensitivity and specificity of the 

test. 

Regarding this global serious public health threat that is CanL, we followed a strategy 

that allowed us to explore some important points about disease detection and giving our 

contribution to this science field. The objectives of this work in the scope of this thesis 

were: 

1. Evaluate different recombinant antigens and their potential in distinguish infected-

diseased from infected non-diseased animals;
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2. Evaluate of seropositivity and its relation with cross-reactivity and specificity; 

 

3. Distinguish vaccinated healthy animals in a population that includes vaccinated 

diseased animals, non-vaccinated healthy animals and non-vaccinated infected 

animals.   
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SUMMARY 

 

Canine leishmaniosis (CanL) is a zoonotic disease caused by Leishmania infantum (L. 

infantum) being endemic in 70 countries worldwide. The clinical presentation of 

Leishmania infection in dogs can be associated to non-specific signs like alopecia, 

conjunctivitis, cutaneous lesions, lymphadenopathy, and anorexia, or exist as a long-

lasting asymptomatic infection. Dogs that are presented as clinically healthy but harbour 

the infection, act as reservoirs of the parasite contributing to the maintenance of 

Leishmania life cycle and parasite transmission. In endemic areas of CanL, asymptomatic 

infections can represent more than 50% of the cases. Although serological approaches 

are the most common and widely used in epidemiological CanL studies, through their 

capacity to detect anti-Leishmania antibodies, they have some limitations associated to 

the detection of antibodies in asymptomatic infection. To evaluate this, distinct antigens 

were used to screen a dog cohort from an endemic-CanL region of Portugal. The group of 

study was divided in 6 subgroups according to the presence of clinical signs, DAT and 

PCR results. The seropositivity was determined by ELISA using 8 different antigens: 

soluble promastigote Leishmania antigen (SPLA), 4 recombinant antigens (LicTXNPx, 

rK39, rK28 and rKDDR) and 3 mixtures of recombinant antigens (LAM, RPM and LRM). 

The global seroprevalence observed by DAT was 10.5%. By ELISA the seroprevalence 

ranged between 15.1% and 22.5% depending on the antigen in analysis. All antigens 

demonstrated good sensitivity (Se) in detecting symptomatic infection (100%), however 

the performance was distinct in dogs that did not present clinical signs, with seropositivity 

ranging between 4.3% and 100% demonstrating the problems associated to the detection 

of asymptomatic infection. 
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INTRODUCTION 

 

Canine leishmaniosis (CanL) is a zoonosis caused by the protozoan Leishmania infantum 

(L. infantum), and it is one of the most important vector-borne parasitic diseases among 

dogs. The female sandfly is the vector responsible for parasite transmission. CanL is 

endemic in 70 of the 90 countries where human leishmaniosis is present, and is 

distributed by four continents: Europe (Mediterranean Basin), North Africa, Asia and South 

America (Alvar et al., 2004; Saridomichelakis, 2009; Solano-Gallego et al., 2009; Otranto 

& Dantas-Torres, 2013). In geographical areas where sand flies are present, dog (Canis 

lupus familiaris) is considered to be the main reservoir of L. infantum playing a crucial role 

in parasite life cycle and in its transmission (Blavier et al., 2001; Carrillo & Moreno, 2009; 

Solano-Gallego et al., 2009; Paltrinieri et al., 2010). After the inoculation of the parasite 

through the sand fly (while feeding on the host), the infection can evolve to a susceptible 

or resistant clinical outcome depending on factors like age, gender, nutrition, co-existing 

diseases, genetic and immune background, and Leishmania strain virulence (Carrillo & 

Moreno, 2009; Koutinas & Koutinas, 2014; Agallou et al., 2016). Dog infection by L. 

infantum can be associated with evident symptomatology (alopecia, conjunctivitis, 

cutaneous lesions and skin ulceration, lymphadenopathy, cachexia, onychogryphosis, 

hyperkeratosis and anorexia), or can assume an asymptomatic form of the disease which 

is presented with no clinical signs (or some mild signs that are resolved spontaneously) 

(Blavier et al., 2001; Alvar et al., 2004; Almeida et al., 2005; Carrillo & Moreno, 2009). 

Symptomatic dogs present high titres of antibodies, but asymptomatic dogs can present 

low, fluctuating or even absence of Leishmania specific antibody titres. Seronegative 

asymptomatic carriers can be resistant dogs or can be in an early stage of infection, and 

thus, they are very difficult to detect (Lachaud et al., 2003). These asymptomatic animals 

act as reservoirs that are competent to transmit the parasite to the sandflies allowing the 

perpetuation of the life cycle, and so they have a very important role and represent a key 

control point in the epidemiology of leishmaniasis (Reis et al., 2006; Carrillo & Moreno, 

2009). Some studies suggest that the frequency of asymptomatic infection can reach 85% 

in endemic areas rendering its detection an urgent need (Otranto et al., 2009; Laurenti et 

al., 2013; Otranto & Dantas-Torres, 2013; Faria et al., 2015). Serological tools are the 

most common and widely used to assess CanL infection in epidemiological studies 

through the detection of antibodies anti-Leishmania. Enzyme-linked immunosorbent assay 

(ELISA) and the direct agglutination test (DAT) are the methods often employed as they 

are suitable for mass-screen studies and present satisfactory indices of sensitivity, 

although with variable specificity (Ferreira Ede et al., 2007; de Paiva-Cavalcanti et al., 
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2015). DAT was the first serological test to be developed for detecting antibodies anti-

Leishmania. It is simple and inexpensive, and does not require specialized equipment. 

The technical disadvantages of DAT are the necessity of serial dilutions of the samples to 

determine end point titre and a long incubation period of 18h. Also, the inter-observer 

discrepancy in DAT readings is common as the read out is made visually, requiring 

trained technicians. Therefore the most consistent problem can be attributed to the 

subjective manner in which the titre of the DAT test is determined (Islam et al., 2004; 

Canavate et al., 2011; Adams et al., 2012). ELISA is a serological test that has a great 

potential for serodiagnosis as it is rapid, inexpensive, user-friendly and allows a 

throughput screening of a large number of samples (Sousa et al., 2011; da Silva et al., 

2013). The main limitation of ELISA, when using total parasite extract, are the cross-

reactivity reactions with other parasites that often co-exist in endemic areas and that are 

phylogenetic closed related, such as Trypanosoma cruzi, Babesia canis and Toxoplasma 

gondii. The use of recombinant proteins or their combination in ELISA assays is a strategy 

that can improve the global sensitivity and specificity of the test, preventing cross-

reactivity (Porrozzi et al., 2007; Santarem et al., 2010; de Paiva-Cavalcanti et al., 2015; 

Lage et al., 2016). The detection of parasite DNA by PCR has been suggested as high 

sensitive in detection of asymptomatic animals, although sensitivity can be variable 

depending on the time post-infection and in the course of the infection as well as on the 

protocol and the type of sample analysed (Quinnell et al., 2001). Molecular tools have 

three main limitations: elevated costs, the need for protocol standardization and 

requirement of technical expertise. The detection of infection by PCR could be especially 

useful when the search of anti-Leishmania antibodies is inconclusive, and it is normally 

used in conjunction with serology (Lachaud et al., 2003; Miro et al., 2008; Dantas-Torres 

et al., 2012). Therefore, detection of canine asymptomatic Leishmania infections is 

imperative, and the lack of a reliable test to detect Leishmania asymptomatic infection 

(either in early stages or in resistant animals), makes the search for new antigenic 

markers a priority (Quinnell et al., 2001; Reis et al., 2006; Costa et al., 2013; Faria et al., 

2015; Abrantes et al., 2016). In our study we aimed to evaluate the potential of five 

different antigens and three mixtures of antigens to assess seropositivity in a dog cohort 

of 391 dogs living in endemic areas from Portugal. The cohort was evaluated as a whole 

and then posteriorly divided into six subgroups, according to standard classical clinical 

data, basic serology by DAT and molecular infection detection by PCR. The performance 

of the antigens in these subgroups was also evaluated by ELISA. 

 



3.1.-Results 

86 
 

MATERIAL AND METHODS 

  

Canine sera 

 

Group CanL+ (n = 29): sera from dogs living in geographical regions of Portugal where 

CanL is endemic, which were brought to a veterinary hospital, clinic or anti-rabies 

campaign, and that presented at least two clinical signs compatible with the disease (viz. 

lymphadenomegaly lymphadenopathy, alopecia, dermatitis, skin ulceration, 

keratoconjunctivitis, onychogryphosis, lameness, epistaxis, anorexia and weight loss). 

These animals were also seropositive for anti-Leishmania antibodies by the direct 

agglutination test (DAT) (cut-off titre = 400) and/or positive for the presence of 

amastigotes in bone marrow or lymph node aspirates.  

Group CanL- (n = 121): sera from dogs that visited a veterinary clinic in a Portuguese 

region considered to be non-endemic for CanL. All were seronegative by DAT (titre < 

100). 

Group Portugal (PT) (n = 391): sera from dogs with unknown serological status were 

collected mostly in dog kennels and in a veterinary clinic in five endemic areas from North 

and East Centre of Portugal (Lamego, Covilhã, Fundão, Proença-a-Nova and Idanha-a-

Nova) with legal responsible and owners consent respectively, during June 2011. PT 

group was divided in six subgroups (A, B1, B2, C, D and E) according to three 

parameters: clinical data (clinical signs – CS), direct agglutination test (DAT) and 

polymerase chain reaction (PCR). Animals from subgroup A presented at least one CS 

compatible with leishmaniosis (alopecia, conjunctivitis, cutaneous lesions and skin 

ulceration, lymphadenopathy, cachexia, onychogryphosis, hyperkeratosis and anorexia) 

and DAT test positive (PCR could be positive or negative). Subgroup B1 and subgroup 

B2-dogs presented no CS and were DAT positive. Subgroup B1 presented positive for 

PCR and subgroup B2 negative for PCR. Subgroup C included animals that presented no 

CS, DAT test negative and PCR positive. Subgroup D was constituted by animals with no 

CS and DAT test and PCR negative. Finally, animals in subgroup E presented clinical 

signs but DAT test and PCR were negative (Table 1). 

 

 



3.1.-Results 

87 
 

Table 1 - Classification of PT cohort in six subgroups 

 

 

Subgroups 

 

A B1 B2 C D E 

C.S. ≥1 ø ø ø ø ≥1 

DAT + + + - ø ø 

PCR + / - + - + ø ø 

 

C.S.: Clinical signs; DAT: Direct agglutination test; PCR: Polymerase chain reaction; + : Positive; - : Negative 

 

 

Direct agglutination test (DAT) 

 

DAT protocol was performed as described by Schallig et al, 2002 (Schallig et al., 2002).  

Previously, serum samples were diluted in physiological saline (0.9% NaCl) containing 

1.56% of β-mercaptoethanol. Serial dilutions were made in V-shaped microtitre plates 

(Greiner, Germany) starting with 1:100 until the maximum of 1:102.400, for each sample, 

followed by an incubation of 1h at 37ºC. Next, 5 x 107 freeze-dried L. donovani 

promastigotes (MHOM/SD/68/1S)/ml were suspended in 5 ml of physiological saline 

(0.9% NaCl), according to the manufacturer’s instructions (KIT Biomedical Research, 

Amsterdam, The Netherlands). After dispensing 50 µl of DAT antigen per well, plates were 

incubated 18h at room temperature. Results obtained with DAT are expressed as an 

antibody titre, i.e. the reciprocal of the highest dilution at which agglutination (large diffuse 

blue mats) is still clearly visible after 18 h incubation at room temperature. A cut-off titre of 

400 has been chosen to maximize sensitivity and specificity of the test. Positive controls 

for the DAT consisted of serum samples from dogs diagnosed with leishmaniosis. DAT 

titres in these samples ranged between 51,200 and ≥102,400. Sera from dogs living in 

areas where leishmaniosis is not endemic were used as negative controls. 
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Nested PCR   

 

DNA isolation 

DNA was extracted from blood samples using a commercial kit (E.Z.N.A Blood Mini Kit, 

Omega Bio-teK, USA), following the manufacturer's instructions. The concentration and 

quality of DNA obtained from tissues was determined with a spectrophotometer 

(NanoDrop, Thermo Scientific, USA), and then stored at -20ºC until use. 

 

Polymerase chain reactions 

Using small subunit ribosomal ribonucleic acid (SSUrRNA) as target gene, the first 

amplification was performed using the primers R1 (5´GGTTCCTTTCCTGATTTACG 3´) 

and R2 (5´GGCCGGTAAAGGCCGAATAG3´), specific for Kinetoplastida. The volume of 

the reaction was 50 µl, containing 10 µl of genomic DNA, 29.7 µl of nuclease-free water 

(Invitrogen, USA), 15 pmol of R1 and R2 primers, 10mM deoxynucleoside triphosphates 

10mM MgCl2 and 1.4 U of Taq polymerase (NZYTaq DNA polymerase, nzytech, Portugal). 

The PCR program included initial denaturation at 94º C for 5 min, followed by 30 cycles of 

30 seconds at 94◦C, 30 seconds at 60º C, and 30 seconds at 72º C, with a final extension 

at 72º C for 5 minutes. Samples positive for SSUrRNA revealed a 603 bp product.  

The second reaction was performed using R3 (5´TCCCATCGCAACCTCGGTT3´) and R4 

(5´AAAGCGGGCGCGGTGCTG 3') Leishmania-specific primers in order to re-amplify the 

PCR product of the first reaction. These PCR products were diluted (1/40) with nuclease-

free water. The volume of the reaction was 25 µl, containing 10 µl of the first PCR product 

(diluted 1/40), 10.1 µl of nuclease-free water (Invitrogen, USA), 15 pmol of R1 and R2 

primers, 10mM deoxynucleoside triphosphates 10mM MgCl2 and 1.4 U of Taq 

polymerase (NZYTaq DNA polymerase, nzytech, Portugal). The PCR program included 

initial denaturation at 94º C for 5 min, followed by 30 cycles of 30 seconds at 94◦C, 30 

seconds at 65º C, and 30 seconds at 72º C, with a final extension at 72º C for 5 minutes. 

Positive samples for Leishmania revealed a 353 bp product. Amplification products were 

visualized after electrophoresis in 2% agarose gel with a 1000 bp DNA ladder (NZYDNA 

Ladder V, nzytech, Portugal) and stained with 0.1% of ethidium bromide. Nested-PCR 

protocol was adapted from Cruz et al 2002 (Cruz et al., 2002). 
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Antigens  

 

For SPLA, Leishmania promastigotes were obtained as previously described (Santarem et 

al., 2010). Parasites were washed three times with phosphate-buffered saline (PBS), pH 

7.4, and centrifuged at 3,500 x g, 10 min, at 4ºC. Pellet was suspended in PBS containing 

1 mM phenylmethylsulfonyl fluoride (PMSF) protease inhibitor and submitted to 10 freeze-

thaw cycles for rupture of the parasites. This suspension was centrifuged at 13,000 x g, 

30 min, at 4ºC and the supernatant was recovered, quantified by DC (detergent 

compatible)TM Protein Assay (BioRad, Germany), and stored at -80 ºC in single aliquots. 

The recombinant protein LicTXNPx, was purified by affinity chromatography on a Ni-NTA 

column (Qiagen) as described in previous reports (Cordeiro-da-Silva et al., 2003), being 

obtained as recombinant protein containing six histidine residues at its N-terminal. 

LicTXNPx was quantified by DCTM (detergent compatible) Protein Assay (BioRad, 

Germany), and stored at -80 ºC in single aliquots. The rK39 and rK28 lyophilized antigens, 

obtained from Dr. Steven Reed, from Infectious Disease Research Institute (Seattle, USA) 

were suspended in deionized and 0.22 μm membrane-filtered H2O, quantified, and stored 

at -80ºC in single use aliquots. The recombinant protein kDDR, provided by Dr. Ricardo 

Fujiwara, from Universidade Federal de Minas Gerais (Belo Horizonte, Brasil), was 

quantified by DCTM (detergent compatible) Protein Assay (BioRad, Germany), and stored 

at -80 ºC in single aliquots. Leishmania antigen mixture (LAM) was prepared as described 

by Santarem et al (Santarem et al., 2010), combining LicTXNPX and rK39. Recombinant 

protein mixture (RPM) was prepared by the combination of LicTXNPX with rK28 and 

Leishmania recombinant mixture (LRM) by the combination of LicTXNPX with rKDDR. 
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Enzyme-linked immunosorbent assay (ELISA) 

 

Ninety-six-well flat-bottom microtiter plates (Greiner Bio-One, Germany) were coated with 

the antigen in 50 µl of 0.1 M carbonate buffer, pH = 9.6, with 10 µg/ml of SPLA, 3 µg/ml of 

LicTXNPx, 1 µg/ml of rK39, 4 µg/ml of rK28,  3 µg/ml of rKDDR, 5 µg/ml of LAM (1 µg/ml 

of LicTXNPx + 4 µg/ml of rK39), 5 µg/ml of RPM (3 µg/ml of LicTXNPx + 2 µg/ml of rK28) 

and  5 µg/ml of LRM (3 µg/ml of LicTXNPx + 2 µg/ml of rKDDR). Plates were incubated 

ON at 4ºC, and blocked with 200 µL of PBS-low-fat-milk (3 %) at 37 ºC for 1 h. Next, 

plates were washed with PBS-Tween 0.05% (PBS-T), and the sera, positive and negative 

controls, diluted at 1:1500 in PBS-T-low-fat-milk (1%), were dispensed in triplicate (100 

µL/well) and incubated at 37 ºC for 30 min. After a washing step, 100 µL/well of conjugate 

– secondary anti-dog IgG antibody conjugated with horseradish peroxidase (Sigma, USA) 

– diluted at 1:1176.5, was added and the plates were incubated at 37 ºC for 30 min. 

Plates were washed and incubated with 0.5 mg/mL of o-phenylenediamine 

dihydrochloride (Sigma, USA) for 10 min in dark. Reaction was stopped with 50 µL/well of 

HCl (3 M). Absorbance was read at 492 nm in an automatic reader (Synergy 2, BioTek 

Instruments, USA). All samples and antigens were assayed in at least two independent 

assays. 

 

Statistical analysis 

Receiver operating characteristic (ROC) curves were generated using sera from groups 

CanL+ and CanL-, using GraphPad Prism 5 software (GraphPad Software, USA). A 95 % 

confidence interval (95 % CI) for the area under the ROC curve was considered. Cut-off 

values were inferred through these curves for each antigen (by choosing the best 

compromise between sensitivity and specificity associated with the ROC curve), and 

values of sensitivity (Se), specificity (Sp), false negatives (FN), false positives (FP), 

positive predictive value (PPV) and negative predictive value (NPV) were calculated for 

the samples for each group (Parikh et al., 2008). Optical densities of each sample were 

normalized by division with the corresponding cut-off value and the logarithm of this ratio 

was applied for graphical representation. 
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RESULTS AND DISCUSSION 

 

Analysis of the ROC curves  

 

For all the antigens (SPLA, rK39, rK28, LicTXNPx, rKDDR, LAM RPM and LRM) ROC 

curves were performed using the animals of cohorts CanL+ and CanL-. From the analysis 

of the ROC curves, cut-off values for each of the antigens were inferred based on the best 

compromise between values of sensitivity and specificity. The performance of the 

antigens was evaluated in CanL+ and CanL- cohort by the following parameters: area 

under the curve (AUC), sensitivity (Se), specificity (Sp), false negatives (FN), false 

positives (FP), positive predictive value (PPV) and negative predictive value (NPV). SPLA, 

rK39, rK28, rKDDR and RPM presented 100% of Se (29/29 dogs of CanL+ cohort), and 

100% of Sp (121/121 dogs of CanL-), and so no FN or FP animals detected (Table 2). 

Regarding LAM and LRM antigens, although the Se was 100% for both, Sp values were 

99.2% and 96.7% respectively. LAM detected 0.8% of FP (1/121) and LRM 3.3% of FP 

(4/121). The LicTXNPx antigen presented the lowest values of Se and Sp: 93.1% and 

94.2% respectively, and 5.8% of FP and 6.9% of FN (Table 2). 
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Table 2 - ROC curve analysis for the antigens tested 

 

 

 

                                                       Antigens 

 

SPLA LicTXNPx rK39 rK28 rKDDR LAM RPM LRM 

AUC 1.000 0.84 1.000 1.000 1.000 1.000 1.000 0.999 

Cut-off 0.075 0.040 0.127 0.175 0.098 0.131 0.253 0.110 

Se % 100 93.1 100 100 100 100 100 100 

Sp % 100 94.2 100 100 100 99.2 100 96.7 

FP % 0 5.8 0 0 0 0.8 0 3.3 

FN % 0 6.9 0 0 0 0 0 0 

PPV % 100 80.6 100 100 100 96.7 100 87.9 

NPV % 100 98.4 100 100 100 100 100 100 

 

AUC: area under the curve; Se: sensitivity; Sp: specificity; FP: false positives; FN: false negatives; PPV: 

positive predictive value; NPV: negative predictive value.   
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Evaluation of seropositivity by ELISA using different antigens 

 

The PT dog cohort was constituted by 391 animals. These dogs were clinically evaluated, 

tested by DAT and PCR. From the 391 dogs, 71 presented at least one CS compatible 

with CanL (18.2%), 41 were found positive by DAT (10.5%) and 24 positive for PCR 

(6.1%). The PT cohort was tested by ELISA using a panel of eight different antigens in 

two independent assays. For all 391 samples the values of the optical density were 

normalized with the respective cut-off value for each antigen, inferred previously by the 

ROC curves in the CanL+ and CanL- cohorts. The data was logarithmized for graphical 

interpretation (Fig.1). 

 

 

 

Fig.1 - Representation of seroreactivity in PT group (n=391) for the different antigens tested: SPLA, rK39, 

LicTXNPx, rK28, rKDDR, LAM, RPM and LRM. Results are expressed as the logarithm of the optical density 

(OD) at 492 nm normalized by the cut-off value for each antigen. Bars represent the median and each single 

dot represents the data set for an individual dog. The data set is the average of two independent assays done 

in triplicate. Percentage values represent the seropositivity given for each antigen in PT cohort.   
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The highest values of seropositivity were given by LicTXNPx antigen (22.5%) and SPLA 

(21.7%) which presented similar results detecting 88 and 84 dogs out of 391 respectively. 

For rK39, seropositivity was 16.1%, for rK28 15.1% and for rKDDR 15.6%. Combined 

antigens, LAM, RPM and LRM presented seropositivity percentages of 15.3%, 16.6% and 

18.7% respectively (Figure 1; Table 4). To understand how the antigens performed in 

more restricted settings, the PT cohort was divided in six subgroups (A, B1, B2, C, D and 

E) as previously described. All dogs with at least one CS, DAT and PCR positive 

constituted subgroup A (n=13). Dogs presenting no CS but DAT and PCR positive 

constituted subgroup B1 (n=5). Subgroup B2 (n=23) was constituted by dogs that 

presented no CS, DAT positive and PCR negative. Dogs presenting no CS, DAT negative 

and PCR positive represented subgroup C (n=13). Subgroup D (n=279) was constituted 

by dogs that presented no CS, DAT and PCR negative. Finally, subgroup E (n=58) was 

constituted by dogs that presented at least one CS but DAT and PCR negative (Table 3). 

Dogs from subgroup A (n=13) were seropositive for the eight antigens tested (100%). Six 

of these dogs were positive for PCR and 7 were negative. Also, all dogs from subgroup 

B1 (n=5) were seropositive in all antigens tested (100%) with exception of LicTXNPx that 

only detected 3 dogs (60%). In subgroup B2 (n=23) the highest seropositivity was given 

by rK28 (82.6%), detecting 19 out of 23 dogs. The dogs from group C (n=13) were found 

to be more seroreactive to LicTXNPx that was found positive to 6 in 13 dogs (46.2%). In 

subgroup D (n=279) the highest seropositivity was observed for LicTXNPx (15.4%), 

detecting 43 in 279 dogs. Lower, seropositivities were observed for the other 7 antigens: 

SPLA (10.7%), rK39 (5.4%), rK28 (6.4%), rKDDR (4.3%), LAM (5.4%), RPM (5.4%) and 

LRM (8.2%). Finally, the analysis of subgroup E revealed higher seropositivity for SPLA 

(25.9%), detecting 15 out of 58 dogs. Seropositivity was also associated to the other 

antigens: LicTXNPx and LAM (15.5%), rK39 and rKDDR (19.0%), rK28 and LRM (20.7%) 

and RPM (17.2%) (Table 4). 

 

Table 3 – Distribution of the dog cohort in six subgroups 

 

Subgroups 

 

A B1 B2 C D E 

Dogs % 3.3 (13/391) 1.3 (5/391) 5.9 (23/391) 3.3 (13/391) 71.4 (279/391) 14.8 (58/391) 
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Table 4 - Seropositivity levels in the different study groups for SPLA, LicTXNPx, rK39, rK28, rKDDR, LAM, RPM and antigens. 

 

  
                                                       Antigens 

Groups 
 

SPLA LicTXNPx rK39 rK28 rKDDR LAM RPM LRM 

PT % 
 

21.7 (85/391) 22.5 (88/391) 16.1 (63/391) 15.1 (59/391) 15.6 (61/391) 15.3 (60/391) 16.6 (65/391) 18.7 (73/391) 

A %  
 

100 (13/13) 100 (13/13) 100 (13/13) 100 (13/13) 100 (13/13) 100 (13/13) 100 (13/13) 100 (13/13) 

B % 
 

85.7 (24/28) 64.3 (18/28) 75.0 (21/28) 85.7 (24/28) 75.0 (21/28) 75.0 (21/28) 82.1 (23/28 78.6 (22/28) 

    B1 % 
 

100 (5/5) 60.0 (3/5) 100 (5/5) 100 (5/5) 100 (5/5) 100 (5/5) 100 (5/5) 100 (5/5) 

    B2 % 
 

82.6 (19/23) 65.2 (15/23) 69.6 (16/23) 82.6 (19/23) 69.6 (16/23) 69.6 (16/23 78.3 (18/23) 73.9 (17/23) 

C % 
 

30.8 (4/13) 46.2 (6/13) 30.8 (4/13) 23.1 (3/13) 38.5 (5/13) 30.8 (4/13) 30.8 (4/13) 30.8 (4/13) 

D % 
 

10.7 (30/279) 15.4 (43/279) 5.4 (15/279) 6.4 (18/279) 4.3 (12/279) 5.4 (15/279) 5.4 (15/279) 8.2 (23/279) 

E %  25.9 (15/58) 15.5 (9/58) 19.0 (11/58) 20.7 (12/58) 19.0 (11/58) 15.5 (9/58) 17.2 (10/58) 20.7 (12/58) 

[Escreva um trecho do documento 

ou o resumo de um ponto 

interessante. Pode posicionar a 

caixa de texto em qualquer ponto 

do documento. Utilize o separador 

Ferramentas de Desenho para 

alterar a formatação da caixa de 

texto do trecho em destaque.] 
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Analysis of the relation between ELISA, DAT and PCR  

 

In this study, a cohort of 391 dogs from a CanL endemic area from Portugal was clinically 

evaluated for CS compatible with CanL and tested by DAT and PCR. Then, global 

seropositivity was addressed by SPLA, 4 recombinant antigens and three distinct 

recombinant antigen combinations, using ELISA. The total seroprevalence observed by 

DAT was 10.5% (41/391), whereas by ELISA the values ranged between 15.3% (60/391) 

and 22.5% (88/391) depending on the antigen. The antigens with higher seropositivity 

observed were LicTXNPx and SPLA, with 22.5% and 21.5% respectively. Although in our 

study the seroprevalence observed by DAT was lower than the seroprevalence observed 

by any of the antigens tested. The global seropositivity reported by LicTXNPx and SPLA 

(22.5% and 21.7%) was in accordance with other studies reported in CanL endemic areas 

of Portugal (Cardoso et al., 2004; Sofia Cortes, 2007; Sousa et al., 2011). The known 

limitations associated to DAT methodology can also explain the differences observed, e.g. 

variability caused by antigen preparation and subjectivity concerning end point titre due to 

naked eye analysis. In subgroup A all antigens performed similarly in detecting 

Leishmania infection: all dogs (13/13; 100%) were seropositive for SPLA and for all 

recombinant antigens and mixtures. This subgroup was characterized by presenting CS, 

and positive DAT and PCR. Clinically diseased dogs usually present pronounced humoral 

response with high titres of anti-Leishmania antibodies that are easily detectable by 

conventional serology. On the contrary, clinically healthy infected dogs represent a 

problem regarding serological testing because of the existence of a gap time until 

seroconversion or because they may no seroconvert at all (Quinnell et al., 2001; Porrozzi 

et al., 2007). In B1 subgroup, LicTXNPx detected only 3/5 dogs (60%), while SPLA, rK39, 

rK28, rKDDR, LAM, RPM and LRM detected 5/5 dogs (100%). LicTXNPx had been 

reported as a good marker in asymptomatic infection, and being lesse efficient in the 

detection of symptomatic infections in both natural and experimentally infected dogs 

(Silvestre et al., 2008; Santarem et al., 2010). In fact, in experimentally infected dogs anti-

LicTXNPx antibody profile is characterized by a peak in the early weeks after infection 

followed by a decrease in antibody levels (Silvestre et al., 2008). Therefore, the distinct 

performance in B2 group compared to the other antigens might be due to the fact that this 

group (parasitological and serologically positive) might be close to becoming symptomatic 

losing the optimal window of detection for LicTXNPx that seems to be most appropriate for 

early infection. B2-subgroup dogs presented also as clinically healthy (no CS) and were 

DAT positive but PCR negative. In this subgroup SPLA and rK28 detected equally the 

highest number of dogs (19/23; 82.6%). Some recent studies with rK28 in dogs reported 



3.1.-Results 

97 
 

improved sensitivity and specificity in detecting infection not only in clinically diseased 

dogs but also in clinically healthy infected ones (Venturin et al., 2015; Lauricella et al., 

2016). In this study rK28 was the recombinant antigen that performed better in detecting 

infection in clinically healthy dogs. If we consider sungroups with evidences of infection (A, 

B1, B2 and C) there is particularly interesting subgroup – C - containing animals that were 

presented as clinically healthy (no CS), DAT negative but PCR positive. In this group all 

antigens detect a basal seroreactivity of approximately 30%. The antigen that performed 

better was LicTXNPx (6/13; 46.2%) which suggests that some of these clinically healthy 

infected dogs could possibly be in early stages of infection. This profile related to early 

parasite detection without active serology was already reported by others (Quinnell et al., 

2001). In this context of early infection the use of LicTXNPx would provide an advantage 

and in fact the seropositivity in this group suggests that with higher seropositivity for this 

antigen. Another possibility that cannot be ruled out is that this group might contain 

animals that were treated. In humans, LicTXNPx was still detected several years after 

successful treatment (Santarem et al., 2005). Subgroup D was the larger including 279 

dogs with no CS (clinically healthy), DAT and PCR negative. Despite of this, some 

seropositivity was registered. The LicTXNPx was the antigen with more seropositive 

animals (43/279; 15.4%), followed by SPLA (30/279; 10.7%). All the other antigens 

evaluated presented values of seropositivity between 8 and 4%, this apparent lower cross 

reactivity is expected for recombinant antigens used in diagnosis. In fact, recombinant 

antigens are less prone to cross-reactivity and often describe as more sensitive principally 

in the presence of clinical disease. This was evident in the particular case of rK39 that 

presented the very low value of seropositivity in D, being similar to what was reported in a 

cohort of dogs from Europe, suggesting that this in fact should be the “normal” specificity 

of rK39 in healthy non-infected animals (Lima et al., 2017). Still, the increase in 

seropositivity levels in group E suggests that even these recombinant antigens can be 

prone to specificity issues when other diseases are present. Concerning SPLA, the higher 

values of seropositivity in apparently non-infected and non-diseased groups was expected 

as SPLA can present cross-reactivity problems in serological assays, which in fact was 

observed by us in a previous study (Lima et al., 2017). Interestingly, LicTXNPx presented 

the highest seropositivity value suggesting a possible problem of specificity. In fact, the 

ROC analysis suggests that this antigen is the less specific. Nonetheless, the pattern of 

seropositivity was distinct from SLPA, suggesting that the seropositivity to LicTXNPx not 

resulting from the same issue that affect SPLA. In fact, from the 43 dogs detected by 

LicTXNPx, 39 were seropositive for LicTXNPx and not for SPLA. Ten of the 39 dogs were 

also seropositive for the 3 antigens mixtures - LAM, RPM and LRM (all containing 
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LicTXNPx) - suggesting once again that these LicTXNPx seropositive dogs could be in 

early infection stage. In subgroup E, dogs presented at least one CS, but were DAT and 

PCR negative. It can be considered that these animals are diseased but without 

evidences of Leishmania infection. Interestingly, LicTXNPx expressed the lowest 

seropositivity (9/58; 15.5%), supporting the information that this antigen is specific. The 

basal detection in both the D and E group was similar, while all other antigens presented 

an increase in overall seropositivity that might be associated to unspecific response as 

was reported to SPLA (Lima et al., 2017). Noteworthy, the basal 15% of seropositivity to 

LicTXNPx might have some epidemiological relevance as it was constant in D and E. 

Considering that these animals are from endemic areas this might translate into very early 

infection events or even animals that were exposed to the parasites but were able to resist 

infection. If this hypothesis is considered it can also be admitted that DAT and most of the 

other tested antigens and associated ROC curves were not adequate to evaluate infection 

in these cases.  

 

CONCLUSION 

 

In conclusion, the complexity of the clinical scenario associated to CanL was 

demonstrated using ELISA, and a panel of 4 recombinant antigens, 3 recombinant 

mixtures and SPLA. All the recombinant antigens tested were excellent markers for 

symptomatic infection, and also, capable of detect asymptomatic infected animals. 

Nonetheless, the observations reported suggest the presence of asymptomatic infection 

among the cohort, that is probably not consistently detected by conventional serology. 

This was suggested by LicTXNPx profile and further studies are required to determine the 

true potential of LicTXNPx as an early marker of infection. The inability to properly detect 

asymptomatic infection, which is in fact a common problem in the CanL management, 

adds further support to what was also described by other authors (Miro et al., 2008; 

Otranto et al., 2009). The main limitation of the present work is related with the follow up 

of the animals and the lack of longitudinal information that could help to better understand 

of infection course: animals that seroconverted (either to positive or negative status), 

animals that self-resolved the infection, animals that became diseased or animals that 

remained resistant. This could help also to understand the capacity of the different 

antigens to detect seroconversion during the different phases of infection. 
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SUMMARY  

 

Canine leishmaniosis (CanL) is a major veterinary concern and a public health issue. Serological data are essential for 

disease management. Several antigens used in serological assays have specificity related problems preventing relevant 

seropositivity values establishment. Herein we report significant seropositivity level disparity in a study cohort with 

384 dogs from eight countries, for antigens traditionally used in CanL – soluble promastigote Leishmania antigens 

(SPLA) and K39 recombinant protein (rK39): 43·8 and 2·9% for SPLA and rK39, respectively. To better understand 

the reasons for this disparity, CanL-associated serological response was characterized using, for complement serological 

evaluation, a ubiquitous antigen – soluble Escherichia coli antigens (SECAs). Using cohorts of CanL dogs and dogs 

without clinical evidences of CanL from non-endemic regions of Portugal, the serological response of CanL animals 

followed specific trend of seropositivity rK39 > SPLA > SECA absent in non-diseased animals. Using receiver operating 

characteristic curve analysis, these characteristic trends were converted in ratios, SPLA/SECA, rK39/SECA and rK39/ 

SPLA, that presented high predictive for discriminating the CanL cohort that was potentiated when applied in a 

scoring system involving positivity to four out of five predictors (rK39, SPLA, SPLA/SECA, rK39/SECA and rK39/ 

SPLA). In fact, this approach discriminated CanL with similar sensitivity/specificity as reference antigens, diminishing 

seropositivity in European cohort to 1·8%. Ultimately, non-related antigens like SECA and seropositivity ratios 

between antigens enable different perspectives into serological data focusing on the search of characteristic serological 

signatures and not simple absolute serology values contributing to comprehensive serological status characterization. 

Key words: Canine leishmaniosis, rK39, serosurveillance, Leishmania, ELISA, seropositivity. 

 

 
 

INTRODUCTION 

Canine leishmaniosis (CanL), caused by Leishmania 

infantum (syn. Leishmania chagasi), is endemic 

in the Mediterranean basin, South America and 

Southern Asia, being a major veterinary concern 

(Saridomichelakis, 2009; Ready, 2010; Noli and 

Saridomichelakis, 2014; Wylie et al. 2014). These 

protozoa may also induce human visceral leishmania- 

sis, making CanL not just a veterinary problem but 

also a public health issue due to the zoonotic poten- 

tial of the infection (Michalsky et al. 2007; Sousa 
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et al. 2011; Noli and Saridomichelakis, 2014). 

CanL control is based on vaccination, transmission 

prevention by the insect vectors and also diseased 

animals treatment (Palatnik-de-Sousa, 2012; 

Courtenay et al. 2014; Silva et al. 2014). The CanL 

diagnosis is based on clinical signs and demonstra- 

tion of infection by direct visualization of parasites 

and/or genetic material in conjunction with quantita- 

tive serology (Michalsky et al. 2007; Paltrinieri et al. 

2010; Solano-Gallego et al. 2011). Of paramount 

importance for disease management is the detection 

of dogs that have no leishmaniosis specific signs but 

are infected. It is well established that infected dogs 

without clinical signs are capable of perpetuating 

the zoonotic life cycle of the parasite (Molina et al. 

1994; Moreno and Alvar, 2002). Therefore,
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low-accuracy serological assays can have significant 

impact in the global strategy to combat disease pro- 

gression originating seropositivity levels that are 

not translatable into meaningful epidemiological 

data influencing policies associated with specific 

control measures. In fact, cumulative evidence 

point to a low specificity (Sp) of several serological 

assays that hamper the detection of Leishmania infec- 

tion in dogs (Gomes et al. 2008; Morales-Yuste et al. 

2012; Arruda et al. 2016; Elshafie et al. 2016; Fraga 

et al. 2016). Moreover, detection of L. infantum 

vectors across central European countries like 

Switzerland, Germany and Hungary (Naucke et al. 

2008; Ready, 2010), in conjunction with global 

warming, might open new areas to endemicity, 

through the adaptation of the vectors to new latitudes 

(Geisweid et al. 2013; Millan et al. 2014). In fact, 

disease is advancing northwards, with reports of 

infected animals in traditionally non-endemic areas 

(Saari et al. 2000; Dujardin et al. 2008; Ready, 2010; 

Miro et al. 2012; Carvalho et al. 2015; Maia and 

Cardoso, 2015). Therefore, more than ever, it is essen- 

tial to have adequate serosurveillance systems and 

tools to monitor and control infection progression 

into new regions. 

Herein we evaluate serological response of an 

uncharacterized cohort of animals from distinct geo- 

graphical backgrounds to two known Leishmania anti- 

gens [soluble promastigote Leishmania antigens 

(SPLA) and K39 recombinant protein (rK39)] to 

determine the adequacy of these antigens for sero- 

logical surveys in non-endemic regions. To exclude 

any inter-laboratory variability, we used CanL-posi- 

tive and negative cohorts of dogs to determine the 

cut-offs that are able to distinguish diseased from 

non-diseased animals for both antigens. The gener- 

ated cut-offs were applied to the test cohort and 

levels of seropositivity compared. The unrelated 

soluble Escherichia coli antigen (SECA) was also used 

to address the Sp of the serological response to the 

Leishmania antigens. Finally, the ratios between the 

cut-off normalized responses to the antigens were eval- 

uated for their capacity to predict disease in the control 

cohorts and then used as part of a scoring system that 

addresses seropositivity with clinical value. 

 

 
MATERIALS AND METHODS 

Canine sera 

Group CanL+ (n = 29): sera from dogs living in geo- 

graphical regions of Portugal where CanL is 

endemic, which were brought to a veterinary hos- 

pital, clinic or anti-rabies campaign and that pre- 

sented at least two clinical signs compatible with 

the disease (viz. lymphadenomegaly, alopecia, 

dermatitis, skin ulceration, keratoconjunctivitis, 

onychogryphosis, lameness, epistaxis, anorexia and 

weight loss). These animals were also seropositive 

 

for anti-Leishmania antibodies by the direct agglu- 

tination test (DAT) (cut-off titre = 400) and/or posi- 

tive for the presence of amastigotes in bone marrow 

or lymph node aspirates. 

Group CanL− (n = 121): sera from dogs that 

visited a veterinary clinic in a Portuguese region con- 

sidered to be non-endemic for CanL, Serra da 

Estrela mountain in central Portugal. All were sero- 

negative by DAT (titre < 100). 

Group Europe (n = 384): sera from dogs without 

clinical information, with unknown serological status, 

that visited veterinary clinics in several countries of 

Europe, namely Denmark (n = 50), France (n = 50), 

Germany (n = 47), Hungary (n = 47), the Netherlands 

(n = 42), Poland (n = 50), Portugal (n = 50) and the 

UK (n = 48). 
 

Antigens 

Three different antigens were used for enzyme- 

linked immunosorbent assay (ELISA): SPLA, 

SECA and Leishmania rK39. For SPLA, L. infan- 

tum promastigotes were obtained as previously 

described (Santarem et al. 2010). Parasites were 

washed three times with phosphate-buffered saline 

(PBS), pH 7·4 and centrifuged at 3500 g for 10 

min at 4 °C. The pellet was resuspended in PBS con- 

taining 1 mM phenylmethylsulfonyl fluoride 

(PMSF) protease inhibitor and submitted to 10 

freeze–thaw cycles for rupture of the parasites. 

This suspension was centrifuged at 13 000 g for 30 

min at 4 °C and the supernatant was recovered, 

quantified by DC (detergent compatible)™ Protein 

Assay (BioRad, Munich, Germany), and stored at 

−80 °C in single aliquots. 
The rK39 antigen obtained from Dr Steven Reed, 

from Infectious Disease Research Institute (Seattle, 

Washington, USA) was suspended in mili-Q water, 

quantified and stored at −80 °C in single-use aliquots. 

For SECA, E. coli DH5-α strain was plated in an 

agar plate and incubated at 37 °C overnight (O/N). 

Then, a colony was transferred to 10 mL of Luria 

Bertani broth (Sigma-Aldrich, St. Louis, USA) 

and incubated at 37 °C O/N. The next day, the 

optical density (OD) of the culture was measured 

at 600 nm (initial OD should be nearly 0·1) and 

left to grow for 3 h. The culture was then centri- 

fuged at 4000 g for 5 min. The pellet was resus- 

pended in 1 mL of PBS containing 1 mM of PMSF 

and submitted to 10 freeze–thaw cycles for rupture 

of the bacteria. The suspension was then centrifuged 

at 13 000 g for 30 min at 4 °C and the supernatant 

was recovered, quantified by DC (detergent compat- 

ible)
™

 Protein Assay (BioRad, Munich, Germany) 

and stored at −80 °C in single-use aliquots. 

 
ELISA 

Ninety-six-well flat-bottom microtitre plates 

(Greiner Bio-One, Frickenhausen, Germany) were 



3.2.-Results 

111  

Carla Lima and others 1386 
 

Fi 

 

 

 

 

  

coated with 50 µL of 0·1 M carbonate buffer, pH = 

9·6, with 10 µg mL
−1 of either SPLA or SECA, or 

1 µg mL
−1 of rK39. Plates were incubated O/N at 4 

°C and blocked with 200 µL of PBS low-fat milk 

(3%) at 37 °C for 1 h. Next, plates were washed with 

PBS-Tween 0·05% (PBS-T), and the sera, positive 

and negative controls, diluted at 1 : 1500 in PBS-T 

low-fat milk (1%), were dispensed in triplicate (100 

µL per well) and incubated at 37 °C for 30 min. 

After a washing step, 100 µL per well of conjugate 

secondary anti-dog IgG antibody conjugated with 

horseradish peroxidase (Sigma, St. Louis, USA) – 

diluted at 1 : 1176·5, was added and the plates were 

incubated at 37 °C for 30 min. Plates were washed 

and incubated with 0·5 mg mL
−1 of o-phenylenedi- 

amine dihydrochloride (Sigma, St. Louis, USA) for 

10 min in dark. Reaction was stopped with 50 µL 

per well of HCl (3 M). Absorbance was read at 492 

nm in an automatic reader (Synergy 2, BioTek 

Instruments, Winooski, USA). 

All samples and antigens were assayed in at least 

two independent assays. 

 
Statistical analysis 

Receiver operating characteristic (ROC) curves were 

generated using sera from groups CanL+ and CanL−, 

using GraphPad Prism version 5.00 for Windows, 

GraphPad Software, San Diego California USA, 

www.graphpad.com. A 95% confidence interval for 

the area under the ROC curve was considered. 

Cut-off values were inferred through these curves 

for each antigen [by choosing the best compromise 

between sensitivity (Se) and Sp associated with 

the ROC curve], and values of Se, Sp, false negatives 

(FN), false positives (FP), positive predictive value 

and negative predictive value were calculated for 

the samples for each group (Parikh et al. 2008). 

Optical densities of each sample were normalized 

by division with the corresponding cut-off value 

(nSPLA, nrK39 and nSECA) and the logarithm of 

this ratio was applied for graphical representation  

 
 

 

 

 

 

 

[log(nSPLA), log(nrK39) and log(nSECA)]. The 

cut-off normalized values (n) were used to assess  

the ratio between the antigens: SPLA/SECA (ratio 

between nSPLA and nSECA), rK39/SECA (ratio 

between nrK39 and nSECA) and rK39/SPLA 

(ratio between nrK39 and nSPLA). A score evalu- 

ation method was established based on the cut-off 

values inferred from the ROC curves for the ratios 

and the single antigens. A binary score (1 or 0) was 

applied to represent seropositivity (arbitrary value 

of 1) or seronegativity (arbitrary value of 0) to the 

five serological parameters previously established 

and whose cut-off values was determined by ROC 

curve analysis: rK39, SPLA, rK39/SECA, SPLA/ 

SECA and rK39/SPLA. Total cumulative score 

for each individual sample ranged from ‘0’ to ‘5’ 

(Fig. 1). 

 

RESULTS 

ROC curve analysis was performed to define cut-off 

values for rK39 and SPLA using sera from dogs 

of CanL+ and CanL− groups (Supplementary 

Fig. S1A, S1B and Table S1). Cut-off values for 

rK39 and SPLA were 0·127 and 0·074, respectively. 

These cut-offs enabled a Se of 100% (29/29) for both 

antigens with Sp of 100% in both cases (0/121) 

(Supplementary Table S1). When the cut-offs were 

applied to the European cohort, they originated a 

global seropositivity of 43·8% (168/384) and 2·9% 

(11/384) for the individual antigens, SPLA and 

rK39, respectively (Table 1, Fig. 2A–C). If seroposi- 

tivity to both antigens was used as a requisite, then 

2·3% (9/384) of the cohort was seropositive 

(Table 1). 

Observing the generated seropositivity data 

disparity for antigens that excelled at discriminating 

CanL from non-CanL dogs, two possibilities were 

considered: either the SPLA was detecting FP or 

rK39 was detecting FN. Considering that both anti- 

gens presented very high Sp and Se, the cut-off 

stringency was increased to decrease the number of 

FP (Supplementary Table S2 and Fig. 3A). For 

seropositivity associated with both antigens to have 

Fig.1. Evaluation of seropositivity of each individual serum evaluated as a cumulative score. Each individual serum was 

‘scored’ as nSPLA + nrK39 + nSECA + SPLA/SECA + rK39/SECA + rK39/SPLA using the following premise: each 

serology value above or equal to the cut-off values of nSPLA, nrK39, nSECA, SPLA/SECA, rK39/SECA and rK39/ 

SPLA was transformed into a score of ‘1’ originating a cumulative score ranging from 0 to 5 to each individual sample. 

 

http://www.graphpad.com/
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Table 1. Seropositivity levels in the different study cohorts for SPLA and rK39 antigens 
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 SPLA (%) rK39 (%) SPLA Λ rK39a (%) SPLA V rK39b (%) 

CanL+ 100(29/29) 100(29/29) 100(29/29) 100(29/29) 

CanL− 0(0/121) 0(0/121) 0(0/121) 0(0/121) 

Europe 43·8(168/384) 2·9(11/384) 2·3(9/384) 44·3(170/384) 
     

a Positive for both antigens simultaneously. 
b Positive for at least one of the antigens. 

 

epidemiological relevance, then the increase in cut- 

off stringency should enable a decrease of FP asso- 

ciated with SPLA leading seropositivity levels 

similar to rK39. In the European cohort, using two 

cut-offs (cut-off value × 2) for rK39, the number of 

seropositive animals is reduced to just one, PT30 

(Fig. 3B). For SPLA, 66/384 (17·2%) animals 

remained seropositive when two cut-offs were used 

(Supplementary Table S2). Comparing these 

SPLA-seropositive animals with the original 11 

animals seropositive for rK39, only six animals 

were seropositive to rK39 and SPLA using two 

SPLA cut-offs (Fig. 3B). From 3 to 7 SPLA cut- 

offs, only three animals were seropositive for both 

antigens – when compared once again to the original 

rK39-positive animals (Fig. 3B). The sample with 

highest seropositivity to both antigens was PT30 

(Fig. 3B). 

The geographic distribution of seropositive 

animals was not random, ranged from 0 to 86%. 

Poland presented (43/50) seropositive animals, 

while France presented 0/50 animals to SPLA 

(Fig. 4 and Supplementary Table S2). Considering 

the individual countries, rK39-seropositive animals 

were mostly from Portugal: 66·3% (7/11) (Fig. 4A, 

Supplementary Fig. S2A). Still, three animals were 

from non-endemic countries [two from Denmark 

(DK44 and 50) and one from Poland – PL9] and a 

final one from France (FR2) (Fig. 3). For SPLA, 

although there was also an over-representation of 

dogs from Portugal (i.e. 12·5%; 21/168), this was 

not as evident as for rK39 (Supplementary 

Fig. S2). As the groups were proportional, the 

basal cohort serological response was compared to 

evaluate if existed a regional influence in the 

response to the antigens (Supplementary Tables S3 

and S4). For rK39, the dogs from Germany had a 

basal median response significantly different from 

Hungary and Portugal, while the animals from 

Portugal were significantly different from all the 

other cohorts (Supplementary Fig. S2A and 

Table S3). For SPLA, more countries had signifi- 

cant differences, with the cohort from Poland being 

the most divergent (Supplementary Fig. S2 and 

Table S4). As SPLA is an undefined antigen 

mixture, these variations in seropositivity might cor- 

respond to an unspecific response. 

To address serological response Sp, an undefined 

ubiquitous non-related antigen was used, E. coli 

DH5-α, to evaluate if the serological response 

pattern was similar to SPLA suggesting a general 

unspecific response (Fig. 4A and Supplementary 

Fig. S2B). The SECA antigen had some predictive 

value to distinguish the control cohorts (Se of 81·5% 

and Sp of 71·9%) (Fig. 4B and Supplementary 

Table S1). Notwithstanding, the seropositivity 

profile against SECA was distinct from the SPLA 

(Fig. 4A, Supplementary Fig. S2B and Tables S4 

and S5). To further address the relationship 

between these antigens, correlations in the control 

cohorts and also in each individual country were 

done (Supplementary Table S6). In the CanL+ 

cohort, the highest correlation was obtained for 

rK39 vs SPLA (r = 0·499, P < 0·01; r2 = 0·249), 

whereas the lowest was for rK39 vs SECA (r = 

−0·010, P = 0·952, r2 = 0·0001). In the   CanL− 
cohort, the highest correlation value was for SPLA 

vs SECA (r = 0·356, P < 0·001, r2 = 0·127). At the 

country level, the most common significant correl- 

ation was SPLA vs SECA (3/8), while rK39 corre- 

lated positively with SPLA in two countries and 

with SECA in one country (Supplementary 

Table S6). The cohort comparison at a country 

level (absolute values and correlation data) suggests 

distinct basal responses to the different antigens 

influencing the serology absolute values. 

To bypass the regional effects on the seropositiv- 

ity, the ratios between the antigens were analysed 

for their capacity to predict CanL in the control 

cohorts. For this, the median normalized single- 

antigen reactivity in the CanL+ control group was 

compared (Figs 2 and 4B). The nrK39 and nSPLA 

responses were higher than nSECA in CanL+ 

cohort. Moreover, this was characteristic of the 

individual sera from the CanL+ cohort: (27/29) for 

nSPLA > nSECA and (26/29) nrK39 > nSECA 

(Supplementary Table S7). Likewise, the response 

to rK39 was higher than to SPLA in (24/29) of the 

cohort (Supplementary Table S7). Therefore, these 

ratios, [log(nSPLA/nSECA) > 1; log(nrK39/ 

nSECA) > 1; log(nrK39/nSPLA) > 1] were charac- 

teristic of CanL dogs (Supplementary Fig. S3). 

Consequently, ROC curves analysis was performed 

for each of the aforementioned individual ratios 

(Supplementary Fig. S1D–F). The predictive value 

of these ratios was considerable, although not super- 

ior overall to the reference antigens alone 

(Supplementary Table S1). The Sp of the ratios 
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Fig. 2. Reactivity of CanL+, CanL− and European dog sera against SPLA and rK39 antigens (A). Correlation of the 

seroreactivity against SPLA and rK39 antigens in CanL+ and CanL− cohorts (B) and in European cohort (C). Results are 

expressed as the logarithm of the optical density (OD) at 492 nm normalized by the cut-off value for each antigen (n). Bars 

represent the median for the cohort and each single dot represents the dataset for an individual dog. The data depicted were 

generated from the average of at least two independent assays done in triplicate. 

 
 

was  94·2,  92·6  and  72·7%,  for  nSPLA/nSECA, 

nrK39/nSECA   and   nrK39/nSPLA,   respectively 

(Supplementary Tables S1 and S8). The lower Se 

of the assays can be attributed to artefactual responses 

due to low serological responders that create ratios 

that are above the cut-off level (see PL38, FR9 and 

DE47 in Supplementary Table S9). Therefore, the 

capacity of these ratios to predict disease requires 

the determination of positivity to reference antigens 

to exclude the aforementioned artefactual values. 

Taking this in consideration, a scoring system was 

created to address not only the positivity to the refer- 

ence antigens but also to the characteristic ratios 

described above (Fig. 1). The Cohen’s κ coefficient 

was determined for the possible scores to define the 

best predictive value when compared to both refer- 

ence antigens. The scores of 4 or 3 presented the 

best predictive value (Supplementary Table S10). 

We excluded the score 3 as it enabled positive 

results that were negative for both reference antigens 

(Fig. 1). This approach (using a score ⩾4) resulted in 

an overall Se (96%) and Sp (100%) similar to the com- 

bined reference antigens (Table 2). When this score 

system was applied to our cohorts (Table 2), it 

reduced the number of seropositive animals in the 

 

European cohort to seven (PT10, PT30, PL9, 

PL24, DK43, DK50 and FR2) with an overall 

seropositivity of 1·8% (7/384) (Table 2 and 

Supplementary Tables S9–12). This represents a 

diminution of 36% in seropositivity when compared 

with rK39 alone. We also report a diminution of 

22% in seropositivity when compared with rK39 

and SPLA combined (Table 1). Only one animal in 

Europe presented a perfect score of 5 (PT30), the 

most common score in the CanL+ cohort [82·8% 

(24/29)], with the remaining six animals presenting 

a score of 4. These seven seropositive animals from 

the European cohort obtained after application of 

the score methodology were all rK39-seropositive 

animals with the exception of one sample from 

Poland (PL24) (Supplementary Fig. S4 and 

Table S9). 

 
DISCUSSION  

 
In the present study, the used antigens, SPLA and 

rK39, are established antigens with reported high 

sensitivities and specificities and are the base of 

several reference tests. The cut-off values for two 

antigens, using a cohort of CanL+ dogs and a 
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Fig. 3. Representation of seroreactivity against SPLA and rK39 antigens in CanL+ and CanL+ cohorts (A), and 

European cohort (B). Vertical and horizontal dotted lines represent the number of cut-offs (n × cut-off) for each antigen. 

The cut-off-dependent sensitivity is represented in (A) for SPLA and for rK39. Results are expressed as the logarithm of 

the optical density (OD) at 492 nm normalized by the cut-off value for each antigen (n). Each single dot represents the 

dataset for an individual dog. The data depicted were generated from the average of at least two independent assays done in 

triplicate. 

 
 

Fig. 4. Reactivity of dog sera against SECA antigen for: (A) individual countries Hungary (HU), The Netherlands (NL), 

UK, Germany (DE), France (FR), Denmark (DK) and Poland (PL). Results are expressed as the logarithm of the optical 

density (OD) at 492 nm normalized by the cut-off value for each antigen (n) and (B) CanL+, CanL− and European cohort. 

Bars represent the median for the cohort and each single dot represents the dataset for an individual dog. The data depicted 

were generated from the average of at least two independent assays done in triplicate. Statistical analysis was done by one- 

way ANOVA and Kruskal–Wallis tests. Statistical significance between groups is ‘extremely significant’ (***0·0001 ⩽ P < 

0·001). 

 

cohort of CanL− dogs, were determined. The 

obtained cut-offs were similar in absolute value to 

the ones obtained in previous work from our group 

(Santarem et al. 2010), in a clear indication that 

both antigens are capable of consistently discrimin- 

ating CanL+ from CanL− dogs. When the newly 

determined cut-offs were applied to a cohort of 

animals from Europe without clinical characteriza- 

tion, a seropositivity that was distinct for both anti- 

gens (43·8% for SPLA and 2·9% for rK39) was 

obtained. This large difference in seropositivity 

cannot be attributed to laboratory inter variability, 

as all assays were performed in the same laboratory, 

including the ROC curve analysis. The CanL 

seropositivity levels reported for endemic 

Mediterranean regions range between 5 and 30% 

(Moreno and Alvar, 2002). The overall seropositiv- 

ity levels obtained for the non-endemic countries 

was not in accordance with epidemiological data 

that do not support significant seropositivity levels 
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Table 2. Seropositivity levels in the different study 

cohorts using the scoring system 
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Supplementary Fig. S2B) is not suggestive of 

general unspecific recognition due to immunological 

disorders, like polyclonal activation. Intriguingly, it 

will also be important to address if the apparent 

lack of Sp of SPLA might also be true for other 

   assays that use parasite total antigens, such  as 

IFAT or DAT. The rK39 was less prone to cross- 

reactivity (Fig. 3B). In fact, the general basal 

serological response was more uniform. This is in 

a 5: seropositivity to all serological parameters defined in 
Fig. 1. 
b 4: seropositivity to four out of five serological of the 
parameters defined in Fig. 1. 
c Total: seropositivity to at least four out of the parameters 
defined in Fig. 1. 

 

 
in the non-endemic countries from the European 

cohort (Solano-Gallego et al. 2011). The rK39 sero- 

positivity levels are more in the range of what is 

reported from the endemic regions, but still non- 

endemic seropositive samples were identified in 

Denmark and Poland. These positive animals 

might be associated with canine population mobility 

associated with travelling, an issue of growing 

concern for CanL (Menn et al. 2010; Bart et al. 

2013). Leishmania infantum is endemic in southern 

European countries (Dujardin et al. 2008) that are 

a highly valued vacation destination generally 

during the peak of the transmission season. In 

these conditions, the risk for exposure to the parasite 

can be as high as 0·23% for dogs coming from nor- 

thern Europe (Teske et al. 2002). In fact, the few 

reported CanL cases in northern Europe are 

restricted to dogs that have travelled to endemic 

areas of the Mediterranean basin during periods 

when phlebotomine sand fly exposure is high, 

mostly between March and November, or that 

have to be relocated from those areas (Saari et al. 

2000). 

SPLA in known to have cross-reactivity with other 

diseases like babesiosis, Chagas, ehrlichiosis, rickett- 

siosis and toxoplasmosis, probably due to some 

epitope conservation generating unspecificity 

(Gomes et al. 2008; Saridomichelakis, 2009; 

Silvestre et al. 2009; Zanette et al. 2014; Peixoto 

et al. 2015). This cross-reactivity was suggested 

upon correlation of the data from SPLA with 

SECA (Supplementary Table S6). In the cohorts 

from three countries, there was a significant correl- 

ation between SECA and SPLA, more than 

between SPLA and rK39. This suggests that, in 

the absence of a Leishmania-specific serological 

response, the SPLA might also be recognized by 

other non-related infectious diseases or immune 

disorders. This is also suggested by the correlation 

existing in the CanL− control group for these two 

antigens. Still, the distinct pattern of basal recogni- 

tion between SPLA and SECA (Fig. 4A and 

agreement with the recognized value of rK39 as a 

good serological marker for leishmaniosis (Porrozzi 

et al. 2007). Still, regional differences in antigen 

performance have been already reported, the 

performance of rK39 (for the human visceral 

leishmaniasis) is known to be diminished in sub- 

Saharan Africa (Pattabhi et al. 2010; Bezuneh et al. 

2014; Mukhtar et al. 2015). Subtle genetic 

differences in Leishmania strains are sufficient to 

influence the performance of the recombinant 

antigens (Abass et al. 2015). 

The adjustment of the cut-off stringency is often 

used to help in the diagnosis of CanL (Paltrinieri 

et al. 2010). Therefore, we increased the cut-off strin- 

gency (at the cost of decreased Se) (Fig. 3A). Two 

cut-offs decreased the global seropositivity for 

SPLA and rK39 to 66/384 (17·2%) and 1/384 

(0·26%), respectively. Still, a significant difference 

in readout between both antigens was apparent, as 

there was no correspondence between SPLA- and 

rK39-seropositive animals. In fact, the increase in 

SPLA cut-off stringency also led to a loss of rK39- 

positive animals (standard cut-off), instead of 

having an enrichment of double positive sera as 

would be expected for seropositivity related to 

CanL. Still, it must be referred that existence of 

dogs with different clinical stage of the disease 

might also contribute to distinct levels of seropositiv- 

ity to rK39 and SPLA. It was shown for naturally 

infected dogs that rK39, although adequate for 

detecting symptomatic infections, presented lower 

capacity to evaluate sub-clinical infections 

(Santarem et al. 2010). This could justify the failure 

in enrichment for double positive animals with the 

cut-off increase. Still, as most countries in the study 

are non-endemic (exception of Portugal and 

France), natural exposure to the parasite and asymp- 

tomatic infections should not be a decisive factor for 

the lack of correspondence in seropositivity levels. 

To address the possibility of unspecificity of 

SPLA in the European cohort, SECA was used as 

a measure of the humoural response that is not spe- 

cifically directed to Leishmania. Although SECA has 

some predictive value (probably as a consequence of 

some level of conservation at the epitope level or due 

to, in severe cases of the disease, polyclonal activa- 

tion and effects of co-infections), it presented low 

Sp (71·9%). Upon cut-off normalization, it was also 

evident the clear relationships between the antigens. 

The median normalized response of the animals of 

    

 Score   

 
‘5’a (%) ‘4’b (%) Totalc (%) 

CanL+ 82·8(24/29) 13·8(4/29) 96·5(28/29) 

CanL− 0·0(0/121) 0·0(0/121) 0·0(0/121) 

Europe 0·3(1/384) 1·6(6/384) 1·8(7/384) 
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the CanL+ control group was highest for rK39 and 

lowest for SECA (Figs 2A and 4B). This character- 

istic seropositivity pattern rK39 > SPLA > SECA 

was also evident for the individual animals 

(Supplementary Table S8). This was suggestive 

that the relation between the antigens might have 

predictive value for the detection of CanL. If fact, 

the relationship between the three antigens 

(nSPLA/nSECA, nrK39/nSECA, nrK39/nSPLA) 

presented significant predictive power, as deter- 

mined be ROC curve analysis (Supplementary 

Table S1). Still, their direct application in the 

European cohort did not result in a diminution of 

seropositivity (Supplementary Table S8). This was 

not unexpected because the relation is independent 

on absolute values. Therefore, very low serological 

results might be seropositive using this approach. 

Therefore, the unrestricted use of antigen seroposi- 

tivity ratios present a significant risk of irrelevant 

artefactual values. Still, these data clearly established 

that the ratios between the antigens followed a 

pattern that is in conjunction with positivity to one 

or both reference antigens was found to be predictive 

of CanL+ (Fig. 1). 

When applied to the European cohort, the score 

approach originated a global seropositivity of 1·8% 

(7/384). These seven animals were indistinguishable 

from the CanL+ cohort in at least four evaluated 

characteristics (one presented a perfect score of 5). 

This was the animal sorted upon the increase of 

rK39 threshold (PT30). Only one animal from 

Poland (PL24), which was classified with a score of 

4, was not positive for rK39 alone. This sample 

was positive for SPLA and for the three ratios eval- 

uated in the score system (nSPLA/nSECA, nrK39/ 

nSECA and nrK39/nSPLA). Although the absolute 

value of the OD to rK39 was below the cut-off 

(0·127) for this sample, this difference was only 

0·021 (see PL24 in Supplementary Table S9). This 

is a clear example of problems associated with 

using absolute values. Subtle differences can place 

a serum in opposite sides of the threshold. For 

example, PT45 was seropositive for rK39, having 

0·134 of average OD. Still, in our score system, it 

was negative with only a score of 3 due to a dispro- 

portionally high response to SECA and SPLA 

(Supplementary Table S9). The high reactivity to 

SECA prevented positive ratios and consequently 

preventing the higher score. This very high relative 

reactivity to SECA was not characteristic of our 

CanL+ cohort. PT34 is another interesting sample 

with overall high responses to all tested antigens 

with average ODs of 0·659 for SECA, 0·447 SPLA 

and 0·147 for rK39. Once again, this profile is not 

characteristic of the infected cohort and might 

reflect auto-immunity or other complications or a 

different stage of disease. 

In the CanL+ group also, some samples are 

mentionworthy. The CanL+ 4 is the sample that 

 

prevents a 100% Se for the score approach. This is 

the sample with the highest SECA average OD 

(2·455). This might be due to an already advanced 

stage of the disease resulting in the loss of the char- 

acteristic serological pattern of active disease due to 

other co-infections or even polyclonal activation. 

The presented data demonstrate that the evalu- 

ation of seropositivity is a complex issue that is 

often oversimplified. We report that complex 

mixtures of antigens like SPLA are prone to cross- 

reactivity making them more unreliable for serosur- 

veillance studies than rK39. Recombinant antigens 

like rK39 were less afflicted by regional-specific 

serological background and still might be more sen- 

sitive to subtle strain-specific changes in the native 

antigen. The use of ratios associated with serological 

responses to specific antigens can be used to create 

more accurate serological profiles that might 

contribute for identification of infected animals. 

Disease-specific serological footprints might be 

exploited to better understand the immune 

responses of clinically and sub-clinically infected 

and/or merely exposed animals, enabling early 

warning system for disease development and more 

accurate serosurveillance studies. Further studies 

with different recombinant antigens and experimen- 

tally infected animals and cohorts of animals with 

different clinical status will validate these observa- 

tions and help to overcome the reported failure of 

complex antigens mixtures (SPLA) and recombin- 

ant proteins (rK39) in establishing meaningful 

seropositivity levels. 

 
SUPPLEMENTARY MATERIAL  
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SUPPLEMENTARY DATA 

 

 

Supplementary figures 

 

 

Fig. S1. ROC curves (dotted line) for SPLA (A), rK39 (B), SECA  (C), SPLA/SECA (D), rK39/SECA 

(E) and rK39/SPLA (F). Identity is represented by the solid line. The data depicted was generated 

from the two independent assays performed in triplicate 

 

 

 

 

Fig. S2. Reactivity of dog sera from individual countries against rK39 (A) and SPLA (B) antigens: 

Hungary (HU), the Netherlands (NL), the United Kingdom (UK), Germany (DE), France (FR), 

Denmark (DK) and Poland (PL). Results are expressed as the logarithm of the optical density (OD) 

at 492 nm normalized by the cut-off value for each antigen (n). Bars represent the median for the 

cohort and each single dot represents the data set for an individual dog. The data depicted was 

generated from the average of at least two independent assays done in triplicate. 
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Fig. S3. Relationship between different relative antigen reactivity in the control cohorts. Graphical 
representation of the logarithm of the relationship between the normalized  optical densities (at 492 
nm) from selected pairs of antigens. (A), rK39/sPLA vs SPLA/SECA; (B) rK39/SPLA vs 
SPLA/SECA; (C) rK39/SPLA vs rK39/SECA. Each data point is labeled with the unique 
experimental ID. The data depicted was generated from the average of at least two independent 
assays done in triplicate. 

 

 

 

Fig. S4. Influence of cut-of stringency in seropositivity. Graphical presentation of the seroreactivity 

to rK39 and SPLA as the optical density (OD) at 492 nm normalized by the cut-off value for each 

antigen (n). Dashed lines represent the number of cut-offs (n x cut-off) for each antigen. The data 

depicted was generated from the average of at least two independent assays done in triplicate. 
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Supplementary tables 

 

Table S1. ROC curve analysis for the antigens and ratios used in the study.  

 
AUC Cut-off Se % Sp % FP % FN % PPV % NPV % 

SPLA 1.000 0.075 
100 

(97.0-100) 
100 

(88.1-100) 
0 0 100 100 

rK39 1.000 0.127 
100 

(97.0-100) 
100 

(88.1-100) 
0 0 100 100 

SECA 0.786 0.128 
81.5 

(62.9-79.1) 
71.9 

(56.5-89.7) 
28.1 24.1 46.0 94.5 

Log (nSPLA/nSECA) 0.965 -0.0005 
93.1 

(88.4-97.6) 
94.2 

(77.2-99.2) 
5.8 6.9 80.5 98.4 

Log (nrK39/nSECA) 0.982 -0.006 
96.5 

(86.4-96.5) 
92.6 

(82.2-99.9) 
7.4 3.4 76.3 99.2 

Log (nrK39/nSPLA) 0.829 0.0005 
86.2 

(63.9-80.4) 
72.7 

(68.3-96.1) 
27.3 13.8 46.8 96.8 

 

AUC: area under the curve; Se: sensitivity; Sp: specificity; FP: false positives; FN: false negatives; PPV: 

positive predictive value; NPV: negative predictive value. 

 

 

Table S2. Seropositivity to SPLA and rK39 in function of increasing positivity thresholds. The 

seropositivity in the different study cohorts was evaluated in function of increased cut-off 

stringency.  

                            SPLA                                  rK39 

N. C.O 1 2 3 4 5 6 7 8 9 10   1 2 3 4 5 6 7 8 9 10 

Global 168 66 30 19 9 7 3 2 1 1 
  

11 1 1 1 1 1 1 1 1 1 

HU 31 8 3 1 1 0 0 0 0 0 
  

0 0 0 0 0 0 0 0 0 0 

NL 6 2 1 0 0 0 0 0 0 0 
  

0 0 0 0 0 0 0 0 0 0 

GB 23 11 4 2 1 1 0 0 0 0 
  

0 0 0 0 0 0 0 0 0 0 

DE 32 5 1 1 1 1 0 0 0 0 
  

0 0 0 0 0 0 0 0 0 0 

FR 0 0 0 0 0 0 0 0 0 0 
  

1 0 0 0 0 0 0 0 0 0 

DK 
12 5 1 0 0 0 0 0 0 0 

  
2 0 0 0 0 0 0 0 0 0 

PL 43 27 17 12 4 3 2 1 0 0 
  

1 0 0 0 0 0 0 0 0 0 

PT 21 8 3 3 2 2 1 1 1 1 
  

7 1 1 1 1 1 1 1 1 1 

CanL+ 45 42 38 38 37 34 33 30 28 26 
  

43 41 38 37 36 35 35 35 33 33 

CanL- 0 0 0 0 0 0 0 0 0 0 
  

0 0 0 0 0 0 0 0 0 0 
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Table S3. Analysis of country and group specific median reactivity [log(nrK39)].  The samples from 

the study group were divided according to the country of origin (HU-Hungary, NL-the Netherlands, 

UK-United Kingdom, DE-Germany, FR-France, DK-Denmark, PL-Poland and PT-Portugal) and 

then compared using Kruskal-Wallis statistic test from GraphPad Prism 5 software (GraphPad 

Software, USA). * P<0.05 ; **  P<0.01 ; *** P<0.001 ; ns – no statistical significant difference. 

 

 HU NL UK DE FR DK PL PT 

HU  ns ns ** ns ns ns ** 

NL ns  ns ns ns ns ns *** 

UK ns ns  ns ns ns ns *** 

DE ** ns ns  ns ns ns *** 

FR ns ns ns ns  ns ns *** 

DK ns ns ns ns ns  ns ** 

PL ns ns ns ns ns ns  *** 

PT ** *** *** *** *** ** ***  
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Table S4. Analysis of country and group specific median reactivity [log(nSPLA)]. The samples from 

the study group were divided according to the country of origin (HU-Hungary, NL-the Netherlands, 

UK-United Kingdom, DE-Germany, FR-France, DK-Denmark, PL-Poland and PT-Portugal) and 

then compared using Kruskal-Wallis statistic test from GraphPad Prism 5 software (GraphPad 

Software, USA). * P<0.05 ; **  P<0.01 ; *** P<0.001 ; ns – no statistical significant difference. 

 

 HU NL UK DE FR DK PL PT 

HU  *** ns ns *** ** ns ns 

NL ***  ns *** ns ns *** ns 

UK ns ns  ns *** ns *** ns 

DE ns *** ns  *** ns *** ns 

FR *** ns *** ***  * ns ns 

DK ** ns ns ns *  *** ns 

PL ns *** *** *** ns ***  *** 

PT ns ns ns ns ns ns ***  
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Table S5. Analysis of country and group specific median reactivity [log(nSECA)]. The samples from 

the study group were divided according to the country of origin (HU-Hungary, NL-the Netherlands, 

UK-United Kingdom, DE-Germany, FR-France, DK-Denmark, PL-Poland and PT-Portugal) and 

then compared using Kruskal-Wallis statistic test from GraphPad Prism 5 software (GraphPad 

Software, USA). *  P<0.05 ; **  P<0.01 ; *** P<0.001 ; ns – no statistical significant difference. 

 

 HU NL UK DE FR DK PL PT 

HU  ns ns ns ns * ns *** 

NL ns  ns ns ns *** * *** 

UK ns ns  ns ns *** * *** 

DE ns ns ns  ns *** ns *** 

FR ns ns ns ns  * ns *** 

DK * *** *** *** *  ns *** 

PL ns * * ns ns ns  *** 

PT *** *** *** *** *** *** ***  
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Table S6. Correlation between antigens in the different study cohorts. The samples from the study 

group were divided according to either group designation (CanL+ and CanL-) or country of origin 

(HU-Hungary, NL-the Netherlands, UK-United Kingdom, DE-Germany, FR-France, DK-Denmark, 

PL-Poland and PT-Portugal). For assessment of correlations between antigens in the different 

cohorts, Gaussian distribution was tested by D'Agostino-Pearson omnibus K2 statistics and the 

results compared based on the correlation coefficient (r), coefficient of determination (r
2
) and 

significance level (P value, (*  P<0.05 ; **  P<0.01 ; *** P<0.001 ; ns – no statistical significant 

difference). 

 

 Antigens CanL+ CanL- HU NL UK DE FR DK PL PT 

 SPLA vs rK39 0.423 0.294 -0.041 0.268 0.261 -0.057 -0.084 0.295 -0.165 0.566 

r SPLA vs SECA 0.430 0.356 0.244 0.127 0.056 0.504 0.108 0.024 0.321 0.336 

 rK39 vs SECA -0.053 0.276 0.189 0.616 0.210 0.118 0.003 0.239 0.109 0.264 

            

 SPLA vs rK39 * ** ns ns ns ns ns * ns *** 

P SPLA vs SECA * *** ns ns ns *** ns ns * * 

 rK39 vs SECA ns ** ns *** ns ns ns ns ns ns 

            

 SPLA vs rK39 0.179 0.087 0.002 0.072 0.068 0.003 0.007 0.087 0.027 0.321 

r2 SPLA vs SECA 0.185 0.127 0.059 0.016 0.003 0.254 0.012 0.0006 0.103 0.113 

 rK39 vs SECA 0.003 0.076 0.036 0.379 0.044 0.014 0.00001 0.057 0.012 0.070 

 

 

Table S7. Percentage of animals in CanL+ with normalized ratios above 1 

 

 SPLA/SECA rK39/SECA rK39/SPLA 

CanL+ 93.1 
(27/29)

 89.6 
(26/29)

 82.8 
(24/29)
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Table S8. Percentage of positivity in each study cohort for the different antigen ratios. 

 

 SPLA/SECA rK39/SECA rK39/SPLA 

CanL+ 93.1 
(27/29)

 96.5 
(28/29)

 86.2 
(25/29)

 

CanL- 5.8 (7/121) 7.4 (9/121) 27.3 (33/121) 

Europe 43.0 (165/384) 38.0 (144/384) 27.0 (104/384) 

 

Table S9. Logarithm of optical densities normalized  by the cut-off inferred by ROC curves for each 

antigen (SPLA, rK39 and SECA) and for the ratios (SPLA/SECA, rK39/SPLA and rK39/SPLA)  in 

the three cohorts of study: CanL+, CanL- and Europe (HU-Hungary, NL-the Netherlands, UK-

United Kingdom, DE-Germany, FR-France, DK-Denmark, PL-Poland and PT-Portugal). Values 

above the cut-off are highlighted.  

Sample Antigen Antigen Ratios 

 
SPLA rK39 SECA SPLA/SECA rK39/SPLA rK39/SPLA 

Canl+ 1 0,773 1,143 0,191 0,491 1,288 0,524 

Canl+ 2 0,335 0,604 -0,248 0,492 1,187 0,422 

Canl+ 3 0,968 1,662 0,016 0,862 1,982 0,848 

Canl+ 4 0,799 0,322 1,283 -0,574 -0,626 -0,324 

Canl+ 5 0,846 0,294 0,004 0,751 0,626 -0,398 

Canl+ 6 0,107 1,026 -0,159 0,175 1,520 1,072 

Canl+ 7 1,001 0,195 0,115 0,796 0,415 -0,653 

Canl+ 8 0,911 1,130 0,085 0,736 1,381 0,373 

Canl+ 9 0,312 0,379 0,601 -0,380 0,114 0,221 

Canl+ 10 0,941 0,305 0,573 0,277 0,067 -0,482 

Canl+ 11 1,027 0,910 0,085 0,852 1,161 0,036 

Canl+ 12 1,371 2,133 0,041 1,239 2,428 0,916 

Canl+ 13 1,070 1,696 0,184 0,795 1,848 0,780 

Canl+ 14 0,982 1,410 0,411 0,481 1,335 0,582 

Canl+ 15 1,184 2,316 0,031 1,063 2,620 1,285 

Canl+ 16 0,183 1,585 -0,306 0,845 2,226 1,555 

Canl+ 17 1,108 1,944 -0,046 0,799 2,325 0,989 

Canl+ 18 0,103 1,593 -0,140 0,153 2,068 1,643 

Canl+ 19 0,432 1,611 0,119 0,016 1,827 1,333 

Canl+ 20 1,222 1,080 0,500 0,631 0,915 0,012 

Canl+ 21 1,078 2,280 0,878 0,160 1,738 1,356 

Canl+ 22 0,734 1,408 -0,005 0,502 1,748 0,827 

Canl+ 23 1,410 1,962 0,535 0,706 1,762 0,706 

Canl+ 24 1,490 1,469 0,562 0,693 1,243 0,133 

Canl+ 25 1,010 1,372 0,160 0,635 1,547 0,515 

Canl+ 26 0,384 0,568 -0,174 0,467 1,077 0,338 
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Canl+ 27 1,401 1,411 0,329 0,826 1,418 0,164 

Canl+ 28 1,435 2,203 0,412 1,039 2,127 0,922 

Canl+ 29 1,309 2,096 0,380 0,838 2,051 0,941 

CanL- 1 -0,253 -1,191 -0,123 -0,221 -0,733 -0,784 

CanL- 2 -0,353 -1,126 0,318 -0,761 -1,109 -0,620 

CanL- 3 -0,419 -0,810 -0,247 -0,262 -0,227 -0,238 

CanL- 4 -0,445 -0,990 0,270 -0,806 -0,925 -0,391 

CanL- 5 -0,269 -0,995 0,068 -0,428 -0,728 -0,573 

CanL- 6 -0,396 -1,560 -0,257 -0,229 -0,967 -1,010 

CanL- 7 -0,391 -1,007 0,154 -0,636 -0,826 -0,462 

CanL- 8 -0,333 -0,833 -0,219 -0,205 -0,278 -0,346 

CanL- 9 -0,307 -0,958 -0,161 -0,236 -0,461 -0,497 

CanL- 10 -0,370 -1,928 -0,436 -0,025 -1,156 -1,404 

CanL- 11 -0,443 -1,405 -0,452 -0,082 -0,617 -0,808 

CanL- 12 -0,345 -0,865 0,000 -0,436 -0,530 -0,366 

CanL- 13 -0,410 -1,678 -0,134 -0,366 -1,208 -1,114 

CanL- 14 -0,354 -1,377 -0,002 -0,442 -1,039 -0,869 

CanL- 15 -0,383 -0,968 -0,456 -0,017 -0,176 -0,431 

CanL- 16 -0,412 -1,097 0,212 -0,715 -0,973 -0,531 

CanL- 17 -0,381 -1,675 -0,899 0,427 -0,441 -1,141 

CanL- 18 -0,277 -0,659 0,102 -0,470 -0,426 -0,228 

CanL- 19 -0,428 -1,326 -0,072 -0,446 -0,919 -0,744 

CanL- 20 -0,285 -1,391 -0,224 -0,152 -0,832 -0,952 

CanL- 21 -0,400 -1,326 0,036 -0,526 -1,026 -0,772 

CanL- 22 -0,381 -1,560 0,145 -0,617 -1,370 -1,025 

CanL- 23 -0,381 -1,219 -0,211 -0,260 -0,673 -0,685 

CanL- 24 -0,314 -1,601 -0,532 0,128 -0,733 -1,133 

CanL- 25 -0,320 -1,560 -0,214 -0,197 -1,011 -1,086 

CanL- 26 -0,372 -0,928 -0,162 -0,300 -0,430 -0,402 

CanL- 27 -0,390 -1,733 -0,193 -0,288 -1,204 -1,189 

CanL- 28 -0,343 -1,239 0,270 -0,703 -1,173 -0,742 

CanL- 29 -0,130 -0,363 -0,199 -0,022 0,171 -0,079 

CanL- 30 -1,349 -1,973 -0,110 -1,330 -1,528 -0,471 

CanL- 31 -1,805 -1,652 0,122 -2,018 -1,438 0,307 

CanL- 32 -1,805 -2,174 -0,190 -1,706 -1,649 -0,216 

CanL- 33 -1,474 -1,449 -0,082 -1,483 -1,032 0,179 

CanL- 34 -2,159 -1,110 -0,203 -2,047 -0,572 1,202 

CanL- 35 -1,188 -0,765 0,196 -1,474 -0,625 0,577 

CanL- 36 -1,943 -0,821 -0,626 -1,407 0,141 1,275 

CanL- 37 -1,395 -1,579 0,091 -1,576 -1,334 -0,030 

CanL- 38 -1,943 -2,174 -0,206 -1,827 -1,633 -0,078 

CanL- 39 -1,943 -2,174 0,707 -2,740 -2,546 -0,078 

CanL- 40 -1,943 -0,619 -0,506 -1,527 0,222 1,477 

CanL- 41 -0,452 -1,200 0,385 -0,927 -1,249 -0,594 
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CanL- 42 -1,234 -2,174 -0,348 -0,977 -1,491 -0,787 

CanL- 43 -0,753 -0,853 0,451 -1,294 -0,968 0,054 

CanL- 44 -0,818 -0,990 0,118 -1,026 -0,772 -0,018 

CanL- 45 -0,887 -2,269 -0,013 -0,964 -1,921 -1,229 

CanL- 46 -0,654 -1,878 0,325 -1,070 -1,868 -1,070 

CanL- 47 -0,655 -1,703 0,158 -0,903 -1,526 -0,895 

CanL- 48 -1,159 -1,601 0,479 -1,729 -1,745 -0,288 

CanL- 49 -0,673 -1,389 0,050 -0,813 -1,104 -0,563 

CanL- 50 -0,451 -2,174 -0,101 -0,441 -1,738 -1,569 

CanL- 51 -0,886 -2,269 -0,220 -0,756 -1,714 -1,229 

CanL- 52 -1,130 -2,174 -0,461 -0,760 -1,378 -0,890 

CanL- 53 -0,872 -1,239 -0,088 -0,874 -0,815 -0,213 

CanL- 54 -1,533 -2,174 0,083 -1,707 -1,922 -0,488 

CanL- 55 -1,105 -1,799 -0,086 -1,109 -1,377 -0,541 

CanL- 56 -0,696 -1,324 -0,058 -0,728 -0,931 -0,475 

CanL- 57 -0,879 -1,733 -0,513 -0,456 -0,884 -0,700 

CanL- 58 -1,172 -1,581 0,190 -1,453 -1,436 -0,256 

CanL- 59 -0,486 -1,280 0,122 -0,698 -1,066 -0,640 

CanL- 60 -0,758 -1,841 -0,012 -0,837 -1,493 -0,929 

CanL- 61 -0,950 -1,979 -0,011 -1,030 -1,633 -0,875 

CanL- 62 -0,397 -1,768 0,210 -0,698 -1,642 -1,217 

CanL- 63 -0,960 -2,174 -0,105 -0,946 -1,734 -1,061 

CanL- 64 -0,811 -1,420 -0,087 -0,815 -0,997 -0,454 

CanL- 65 -0,466 -0,958 -0,437 -0,119 -0,185 -0,338 

CanL- 66 -0,642 -1,803 0,153 -0,886 -1,621 -1,007 

CanL- 67 -0,593 -1,837 0,665 -1,349 -2,167 -1,090 

CanL- 68 -0,700 -1,350 -0,263 -0,528 -0,752 -0,496 

CanL- 69 -0,894 -1,502 -0,022 -0,962 -1,144 -0,454 

CanL- 70 -1,036 -0,611 -0,040 -1,087 -0,236 0,579 

CanL- 71 -0,864 -1,233 -0,168 -0,787 -0,730 -0,215 

CanL- 72 -1,943 -1,493 -0,470 -1,563 -0,687 0,604 

CanL- 73 -1,605 -1,568 -0,108 -1,588 -1,125 0,191 

CanL- 74 -0,902 -1,357 -0,340 -0,653 -0,681 -0,301 

CanL- 75 -0,894 -1,086 -0,084 -0,901 -0,667 -0,038 

CanL- 76 -1,287 -1,509 0,248 -1,625 -1,422 -0,069 

CanL- 77 -1,943 -1,612 -0,359 -1,674 -0,918 0,484 

CanL- 78 -0,996 -1,307 -0,351 -0,736 -0,621 -0,157 

CanL- 79 -1,943 -1,509 -0,185 -1,848 -0,989 0,587 

CanL- 80 -1,805 -1,493 -0,003 -1,893 -1,154 0,466 

CanL- 81 -0,721 -0,671 0,100 -0,912 -0,436 0,203 

CanL- 82 -1,420 -0,843 -0,248 -1,262 -0,259 0,731 

CanL- 83 -1,805 -1,215 -0,556 -1,340 -0,323 0,744 

CanL- 84 -0,988 -1,040 -0,219 -0,859 -0,485 0,101 

CanL- 85 -0,668 -1,016 0,661 -1,419 -1,341 -0,194 
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CanL- 86 -1,130 -0,741 -0,161 -1,060 -0,244 0,544 

CanL- 87 -0,417 -0,582 0,284 -0,792 -0,531 -0,011 

CanL- 88 -0,492 -0,618 -0,134 -0,449 -0,149 0,027 

CanL- 89 -1,119 -2,174 -0,362 -0,847 -1,477 -0,902 

CanL- 90 -1,943 -1,285 -0,780 -1,253 -0,170 0,811 

CanL- 91 -0,613 -2,062 -0,667 -0,037 -1,060 -1,296 

CanL- 92 -0,360 -2,678 -0,964 0,513 -1,379 -2,164 

CanL- 93 -0,943 -2,174 -1,278 0,245 -0,561 -1,078 

CanL- 94 -0,650 -1,538 -0,280 -0,461 -0,923 -0,734 

CanL- 95 -0,701 -2,062 -1,479 0,687 -0,248 -1,208 

CanL- 96 -0,517 -1,550 -2,107 1,500 0,893 -0,879 

CanL- 97 -1,571 -2,678 -0,619 -1,042 -1,723 -0,953 

CanL- 98 -1,943 -1,817 0,022 -2,055 -1,504 0,279 

CanL- 99 -1,943 -0,889 -0,028 -2,006 -0,525 1,208 

CanL- 100 -1,646 -1,307 -0,892 -0,845 -0,079 0,493 

CanL- 101 -1,369 -1,785 0,217 -1,677 -1,667 -0,262 

CanL- 102 -1,026 -1,733 -1,300 0,183 -0,097 -0,553 

CanL- 103 -1,943 -2,174 -1,019 -1,014 -0,820 -0,078 

CanL- 104 -1,568 -1,803 -0,266 -1,392 -1,202 -0,082 

CanL- 105 -1,943 -1,803 -0,579 -1,454 -0,888 0,294 

CanL- 106 -1,943 -1,841 -0,924 -1,109 -0,581 0,256 

CanL- 107 -1,943 -1,904 -1,063 -0,971 -0,506 0,192 

CanL- 108 -1,568 -0,635 -1,024 -0,634 0,725 1,086 

CanL- 109 -1,943 -2,174 0,358 -2,391 -2,197 -0,078 

CanL- 110 -1,943 -1,370 -0,028 -2,005 -1,006 0,726 

CanL- 111 -1,943 -1,254 -0,990 -1,043 0,072 0,843 

CanL- 112 -1,943 -3,104 -1,226 -0,807 -1,542 -1,007 

CanL- 113 -1,943 -2,174 -0,958 -1,075 -0,881 -0,078 

CanL- 114 -1,943 -2,326 -0,476 -1,557 -1,514 -0,229 

CanL- 115 -1,943 -2,001 -0,984 -1,049 -0,681 0,095 

CanL- 116 -1,943 -0,642 -0,793 -1,240 0,486 1,454 

CanL- 117 -1,943 -1,301 -1,514 -0,519 0,549 0,795 

CanL- 118 -1,943 -2,560 -1,372 -0,661 -0,852 -0,463 

CanL- 119 -1,943 -0,740 -1,310 -0,723 0,905 1,356 

CanL- 120 -1,943 -2,326 -1,640 -0,393 -0,350 -0,229 

CanL- 121 -2,159 -2,467 -1,346 -0,903 -0,785 -0,154 

HU1 0,258 -1,104 -0,322 0,438 -0,447 -1,208 

HU2 0,301 -0,326 0,700 -0,541 -0,691 -0,473 

HU3 0,141 -0,340 -0,193 0,192 0,188 -0,327 

HU4 0,402 -0,095 0,042 0,218 0,198 -0,344 

HU5 -0,124 -0,432 -0,221 -0,045 0,124 -0,154 

HU6 0,255 -2,259 -0,120 0,234 -1,803 -2,360 

HU7 -0,165 -0,990 -0,199 -0,108 -0,456 -0,672 

HU8 0,717 -0,470 0,000 0,575 -0,135 -1,033 
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HU9 -0,341 -1,062 -0,336 -0,146 -0,391 -0,568 

HU10 0,261 -0,363 -0,178 0,297 0,150 -0,471 

HU11 0,052 -0,432 -0,367 0,277 0,270 -0,330 

HU12 0,258 -0,470 0,003 0,113 -0,138 -0,575 

HU13 0,145 -0,481 -0,367 0,370 0,222 -0,472 

HU14 0,397 -0,524 -0,024 0,280 -0,164 -0,768 

HU15 -0,328 -0,548 -0,400 -0,070 0,187 -0,066 

HU16 0,036 -0,641 -0,367 0,261 0,061 -0,524 

HU17 0,515 -0,253 0,391 -0,018 -0,308 -0,614 

HU18 -0,474 -0,599 -0,173 -0,443 -0,091 0,029 

HU19 0,268 -0,502 -0,315 0,441 0,148 -0,616 

HU20 0,042 -0,572 -0,602 0,502 0,365 -0,460 

HU21 -0,381 -0,318 0,294 -0,817 -0,277 0,216 

HU22 -0,080 -0,298 -0,351 0,130 0,389 -0,064 

HU23 0,200 -0,291 -0,143 0,201 0,188 -0,337 

HU24 0,345 -0,560 -0,232 0,436 0,008 -0,751 

HU25 0,020 -1,201 -0,602 0,480 -0,263 -1,067 

HU26 0,343 -2,259 -0,226 0,427 -1,697 -2,448 

HU27 -0,292 -0,502 -0,262 -0,172 0,096 -0,056 

HU28 -0,410 -0,356 -0,563 0,012 0,543 0,208 

HU29 0,082 -0,502 -0,444 0,385 0,278 -0,430 

HU30 0,003 -0,560 -0,336 0,197 0,112 -0,409 

HU32 0,165 -1,025 -0,336 0,360 -0,353 -1,036 

HU33 0,310 -0,380 -0,047 0,214 0,002 -0,536 

HU35 0,252 -0,536 -0,474 0,584 0,273 -0,634 

HU36 -0,033 -0,524 -0,727 0,552 0,538 -0,337 

HU37 0,192 -0,201 0,189 -0,139 -0,055 -0,239 

HU38 -0,109 -0,451 -0,143 -0,107 0,028 -0,188 

HU39 -0,304 -0,491 -0,426 -0,020 0,270 -0,033 

HU40 0,157 -0,502 0,083 -0,068 -0,250 -0,505 

HU41 -0,003 -1,025 -0,143 -0,001 -0,546 -0,868 

HU42 -0,441 -0,612 -0,134 -0,448 -0,143 -0,018 

HU43 0,031 -0,451 0,086 -0,197 -0,201 -0,328 

HU44 0,082 -0,524 -0,210 0,150 0,021 -0,452 

HU45 0,177 -0,460 -0,028 0,063 -0,097 -0,484 

HU46 -0,259 -0,599 0,397 -0,798 -0,660 -0,186 

HU47 0,173 -0,460 -0,158 0,189 0,033 -0,480 

HU48 0,495 -0,724 -0,163 0,516 -0,226 -1,065 

HU49 -0,009 -0,958 0,030 -0,180 -0,652 -0,795 

NL3 -0,249 -0,548 0,069 -0,460 -0,281 -0,145 

NL5 -0,116 -0,560 0,010 -0,268 -0,234 -0,290 

NL6 -0,229 -0,451 0,377 -0,748 -0,492 -0,068 

NL7 -0,229 -0,599 -0,275 -0,096 0,011 -0,216 

NL8 -0,381 -0,536 -0,139 -0,384 -0,062 -0,001 
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NL9 -0,173 -0,460 -0,173 -0,142 0,048 -0,134 

NL10 -0,040 -0,641 0,187 -0,369 -0,493 -0,448 

NL11 -0,182 -1,150 -0,153 -0,171 -0,661 -0,814 

NL12 -0,281 -0,627 -0,454 0,031 0,163 -0,192 

NL13 -0,642 -0,599 -0,527 -0,256 0,264 0,197 

NL14 0,042 -0,356 -0,344 0,244 0,324 -0,244 

NL16 -0,173 -0,524 -0,112 -0,203 -0,077 -0,197 

NL17 -0,328 -0,536 -0,630 0,160 0,430 -0,054 

NL18 -0,696 -1,201 -0,408 -0,430 -0,457 -0,351 

NL19 -0,148 -0,627 -0,158 -0,132 -0,134 -0,325 

NL20 -0,642 -0,641 -0,692 -0,091 0,386 0,154 

NL21 -0,053 -0,502 -0,322 0,128 0,155 -0,295 

NL22 -0,410 -0,627 -0,074 -0,478 -0,218 -0,063 

NL23 -0,292 -0,513 -0,408 -0,026 0,231 -0,067 

NL24 0,031 -0,441 0,730 -0,841 -0,836 -0,318 

NL25 0,196 -0,672 -0,120 0,175 -0,217 -0,715 

NL26 -0,281 -0,958 0,198 -0,621 -0,820 -0,523 

NL27 -0,341 -0,363 -0,709 0,227 0,681 0,131 

NL28 -0,140 -0,627 -0,408 0,127 0,117 -0,333 

NL30 -0,668 -0,627 0,243 -1,053 -0,534 0,195 

NL31 -1,027 -0,672 -0,383 -0,786 0,046 0,508 

NL32 -0,696 -0,657 -0,188 -0,650 -0,133 0,193 

NL33 -0,969 -0,612 -0,660 -0,451 0,383 0,510 

NL34 -0,831 -0,849 -0,692 -0,280 0,179 0,136 

NL35 -0,793 -2,259 -2,262 1,327 0,339 -1,312 

NL37 -0,474 -0,657 -0,630 0,014 0,309 -0,029 

NL38 -0,726 -0,689 -0,527 -0,340 0,174 0,191 

NL39 -0,165 -0,641 -0,616 0,309 0,310 -0,323 

NL40 -0,027 -0,657 -0,474 0,305 0,152 -0,476 

NL43 -0,457 -0,627 -0,630 0,031 0,339 -0,016 

NL44 -0,668 -0,641 -0,630 -0,180 0,324 0,180 

NL45 -0,304 -0,742 -0,589 0,143 0,182 -0,284 

NL46 -0,200 -1,627 -1,505 1,163 0,214 -1,273 

NL47 0,245 -0,689 -0,903 1,006 0,550 -0,780 

NL48 0,508 -0,641 -1,630 1,996 1,324 -0,996 

NL49 0,456 -0,423 -0,143 0,458 0,056 -0,725 

NL50 -0,593 -0,548 -0,210 -0,526 -0,003 0,200 

GB1 -0,209 -0,451 0,083 -0,434 -0,198 -0,088 

GB2 0,149 -2,259 -0,676 0,683 -1,248 -2,254 

GB3 0,192 -0,612 0,030 0,021 -0,307 -0,651 

GB4 -0,009 -0,572 -0,745 0,595 0,509 -0,410 

GB5 -0,015 -0,536 -0,727 0,570 0,527 -0,367 

GB6 0,177 -0,572 -0,435 0,470 0,198 -0,596 

GB7 0,096 -0,491 -0,094 0,049 -0,061 -0,434 
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GB8 -0,219 -0,641 -0,391 0,030 0,085 -0,269 

GB9 0,020 -0,627 -0,539 0,417 0,248 -0,493 

GB10 -0,328 -2,259 -0,961 0,491 -0,962 -1,777 

GB11 -0,094 -0,672 -0,062 -0,174 -0,275 -0,425 

GB12 -0,316 -0,083 -0,062 -0,396 0,315 0,387 

GB13 -0,316 -0,641 -0,039 -0,419 -0,267 -0,172 

GB14 -0,425 -0,524 -0,288 -0,279 0,099 0,055 

GB15 -0,191 -0,657 -0,785 0,452 0,464 -0,312 

GB16 0,409 -0,689 -0,028 0,295 -0,325 -0,944 

GB17 -0,571 -0,849 -0,028 -0,685 -0,485 -0,124 

GB18 -0,872 -2,259 -0,444 -0,569 -1,479 -1,233 

GB19 -0,831 -0,724 -0,391 -0,581 0,003 0,261 

GB21 0,371 -0,388 -0,993 1,222 0,941 -0,605 

GB22 0,313 -0,724 -1,107 1,278 0,719 -0,882 

GB23 0,283 -0,131 -0,010 0,152 0,215 -0,260 

GB24 0,513 -0,627 -0,244 0,616 -0,047 -0,986 

GB25 0,803 -0,689 -0,288 0,949 -0,066 -1,338 

GB26 0,161 -0,900 -0,709 0,729 0,145 -0,907 

GB28 -0,530 -1,201 -0,375 -0,297 -0,491 -0,517 

GB29 -0,550 -0,524 -0,094 -0,597 -0,094 0,180 

GB30 -1,173 -0,572 -0,221 -1,094 -0,016 0,755 

GB31 0,031 -0,560 0,367 -0,478 -0,591 -0,437 

GB32 -1,027 -0,672 -0,322 -0,847 -0,015 0,508 

GB33 -0,510 -0,672 -0,828 0,176 0,491 -0,008 

GB34 -0,550 -2,259 0,108 -0,799 -2,031 -1,555 

GB35 -0,191 -1,405 -0,931 0,598 -0,138 -1,060 

GB36 -0,341 -0,627 -0,785 0,303 0,494 -0,132 

GB37 0,464 -0,481 0,146 0,177 -0,291 -0,791 

GB38 0,363 -0,641 0,060 0,162 -0,366 -0,851 

GB39 -0,668 -0,572 0,045 -0,855 -0,282 0,249 

GB40 -0,182 -0,612 -0,301 -0,023 0,024 -0,277 

GB41 -0,969 -0,612 -0,993 -0,118 0,716 0,510 

GB42 -0,425 -0,548 -0,336 -0,230 0,124 0,031 

GB43 0,255 -0,761 -0,039 0,152 -0,387 -0,863 

GB44 0,682 -0,641 -0,301 0,841 -0,005 -1,169 

GB45 0,301 -0,536 -0,215 0,374 0,015 -0,683 

GB46 0,047 -0,414 -0,400 0,305 0,321 -0,307 

GB47 0,440 -0,423 0,243 0,055 -0,330 -0,708 

GB48 0,553 -0,070 -0,464 0,875 0,729 -0,469 

GB49 0,363 -0,585 -0,785 1,007 0,535 -0,795 

GB50 0,286 -0,672 -0,765 0,909 0,428 -0,805 

DE1 -0,027 -2,259 -0,877 0,708 -1,047 -2,078 

DE2 -0,510 -0,689 -2,107 1,455 1,754 -0,025 

DE3 0,096 -0,689 -1,630 1,585 1,277 -0,631 
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DE4 0,014 -0,706 -0,070 -0,058 -0,301 -0,567 

DE5 -0,341 -0,672 -1,262 0,780 0,925 -0,178 

DE6 0,036 -0,706 -0,660 0,555 0,290 -0,589 

DE7 -0,259 -0,724 -0,444 0,043 0,056 -0,311 

DE8 0,062 -0,873 -0,931 0,852 0,393 -0,782 

DE9 0,315 -0,873 -0,359 0,533 -0,179 -1,035 

DE11 0,207 -0,174 0,682 -0,617 -0,521 -0,228 

DE12 -0,087 -0,585 -0,134 -0,095 -0,116 -0,345 

DE13 0,454 -0,572 0,097 0,216 -0,334 -0,873 

DE14 0,307 -0,572 -0,391 0,556 0,154 -0,725 

DE15 0,298 -0,560 -0,099 0,255 -0,126 -0,704 

DE16 0,307 -0,849 -0,426 0,591 -0,087 -1,002 

DE17 0,277 -0,627 -0,199 0,334 -0,093 -0,750 

DE18 0,268 -0,524 0,113 0,013 -0,302 -0,638 

DE19 -0,073 -0,548 0,326 -0,540 -0,538 -0,321 

DE20 0,196 -0,423 -0,288 0,342 0,200 -0,465 

DE21 0,062 -0,599 -0,221 0,141 -0,043 -0,507 

DE22 0,173 -0,599 -0,426 0,457 0,163 -0,618 

DE23 0,067 -0,706 -0,329 0,255 -0,041 -0,620 

DE24 0,797 -1,627 0,133 0,522 -1,425 -2,270 

DE26 0,003 -0,689 -0,539 0,400 0,186 -0,538 

DE27 -0,140 -0,641 -0,238 -0,044 -0,068 -0,348 

DE28 0,218 -0,627 0,033 0,043 -0,324 -0,691 

DE29 0,181 -0,689 -1,107 1,146 0,754 -0,716 

DE30 0,169 -0,689 -0,199 0,226 -0,155 -0,704 

DE31 -0,239 -0,689 -0,288 -0,093 -0,066 -0,296 

DE32 0,203 -0,873 -0,745 0,807 0,207 -0,923 

DE33 0,136 -0,724 -0,262 0,257 -0,126 -0,706 

DE34 0,211 -0,612 -0,032 0,101 -0,245 -0,669 

DE35 -0,087 -0,689 -0,645 0,416 0,291 -0,448 

DE37 0,258 -0,536 -0,383 0,499 0,183 -0,640 

DE38 0,280 -0,502 0,499 -0,361 -0,666 -0,628 

DE39 -0,642 -0,706 -1,806 1,023 1,436 0,090 

DE40 0,185 -0,599 -0,024 0,067 -0,239 -0,630 

DE41 -0,040 -0,585 -0,120 -0,061 -0,129 -0,392 

DE42 0,047 -2,259 -0,168 0,073 -1,756 -2,152 

DE43 0,238 -0,641 -0,494 0,591 0,188 -0,726 

DE44 -0,003 -0,627 -0,444 0,300 0,153 -0,470 

DE45 0,003 -0,548 -0,474 0,335 0,262 -0,397 

DE46 0,145 -0,396 0,045 -0,042 -0,106 -0,387 

DE47 0,025 -0,388 0,155 -0,272 -0,208 -0,260 

DE48 -0,021 -1,627 -0,094 -0,068 -1,197 -1,452 

DE49 -1,094 -0,657 -0,375 -0,861 0,054 0,591 

DE50 -0,617 -0,641 -1,408 0,650 1,102 0,129 
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FR1 -0,550 -1,803 -0,074 -0,618 -1,394 -1,099 

FR2 -0,395 0,048 -0,505 -0,032 0,889 0,597 

FR3 -0,642 -0,572 -0,183 -0,601 -0,054 0,223 

FR4 -0,441 -0,524 0,036 -0,618 -0,224 0,070 

FR5 -0,793 -0,849 -0,408 -0,526 -0,105 0,098 

FR6 -0,758 -1,150 -0,062 -0,838 -0,752 -0,238 

FR7 -0,918 -0,641 -0,464 -0,596 0,158 0,430 

FR8 -0,292 -0,627 -0,391 -0,043 0,100 -0,181 

FR9 -0,249 -0,585 -0,454 0,063 0,204 -0,183 

FR10 -0,316 -0,627 -0,709 0,252 0,418 -0,157 

FR11 -0,668 -0,548 -0,563 -0,247 0,351 0,274 

FR12 -0,341 -0,572 0,075 -0,557 -0,312 -0,078 

FR13 -0,367 -0,599 -0,294 -0,214 0,031 -0,078 

FR14 -0,200 -2,259 0,126 -0,468 -2,049 -1,905 

FR15 -0,492 -0,641 -0,444 -0,189 0,138 0,004 

FR16 -1,173 -0,627 0,133 -1,448 -0,425 0,700 

FR17 -0,793 -0,612 0,148 -1,083 -0,425 0,334 

FR18 -0,642 -0,432 -0,163 -0,621 0,066 0,364 

FR19 -0,229 -0,396 0,051 -0,422 -0,112 -0,014 

FR20 -0,182 -0,612 -0,244 -0,080 -0,033 -0,277 

FR21 -0,381 -0,761 -0,308 -0,215 -0,118 -0,227 

FR22 -0,304 -1,627 -0,268 -0,177 -1,023 -1,169 

FR23 -0,642 -0,672 -1,107 0,324 0,770 0,123 

FR24 -0,474 -0,641 -1,066 0,450 0,760 -0,014 

FR25 -0,831 -0,548 0,527 -1,500 -0,739 0,437 

FR26 -1,027 -0,641 0,089 -1,258 -0,395 0,539 

FR27 -1,094 -0,672 -0,877 -0,359 0,540 0,575 

FR28 -0,872 -0,782 -0,153 -0,861 -0,293 0,244 

FR29 -0,281 -0,414 -0,193 -0,229 0,115 0,021 

FR30 -0,492 -0,414 0,116 -0,749 -0,194 0,232 

FR31 -0,474 -0,396 -0,116 -0,500 0,055 0,232 

FR32 -0,292 -0,481 -0,078 -0,356 -0,067 -0,035 

FR33 -0,696 -0,599 0,150 -0,988 -0,414 0,251 

FR34 -0,341 -0,481 0,198 -0,681 -0,343 0,014 

FR35 -0,550 -0,451 0,211 -0,903 -0,326 0,253 

FR36 -0,474 -1,326 -0,226 -0,390 -0,764 -0,698 

FR37 -0,642 -0,599 -0,268 -0,515 0,005 0,197 

FR38 -0,758 -0,524 -0,367 -0,533 0,178 0,388 

FR39 -0,474 -0,318 0,761 -1,377 -0,745 0,309 

FR40 -0,425 -0,524 -0,281 -0,286 0,092 0,055 

FR41 -0,969 -0,513 -0,464 -0,647 0,286 0,610 

FR42 -0,182 -0,460 0,138 -0,462 -0,263 -0,125 

FR43 -0,593 -0,706 -0,474 -0,261 0,103 0,041 

FR44 -0,492 -2,259 -0,204 -0,430 -1,719 -1,613 
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FR45 -0,410 -0,548 -0,086 -0,466 -0,126 0,016 

FR46 -0,474 -0,612 0,211 -0,827 -0,488 0,015 

FR47 -0,918 -0,641 -0,288 -0,772 -0,018 0,430 

FR48 -0,758 -0,612 -0,329 -0,571 0,052 0,299 

FR49 -0,872 -0,612 -0,676 -0,338 0,399 0,413 

FR50 -0,642 -0,441 0,020 -0,803 -0,126 0,354 

DK1 -0,094 -0,536 0,337 -0,573 -0,537 -0,288 

DK2 -0,354 -2,259 0,128 -0,624 -2,052 -1,751 

DK3 -0,571 -0,572 -0,505 -0,208 0,268 0,152 

DK4 -0,219 -0,451 -0,099 -0,262 -0,017 -0,078 

DK5 -0,109 -0,513 0,042 -0,293 -0,219 -0,250 

DK6 -0,304 -0,491 0,153 -0,599 -0,309 -0,033 

DK7 -0,642 -0,612 -0,474 -0,310 0,197 0,183 

DK8 -0,668 -2,259 -0,238 -0,572 -1,685 -1,437 

DK9 -0,530 -0,548 0,211 -0,882 -0,423 0,136 

DK10 -0,872 -0,627 -0,563 -0,451 0,272 0,399 

DK11 -0,617 -0,572 0,185 -0,944 -0,422 0,198 

DK12 -0,156 -0,502 0,183 -0,481 -0,349 -0,192 

DK13 -0,441 -0,536 -0,014 -0,569 -0,186 0,059 

DK14 -0,316 -0,460 0,685 -1,143 -0,810 0,009 

DK15 -0,367 -0,388 0,138 -0,647 -0,191 0,133 

DK16 -0,530 -0,641 0,000 -0,671 -0,306 0,042 

DK17 -0,094 -0,689 0,554 -0,789 -0,907 -0,441 

DK18 -0,132 -0,423 0,508 -0,781 -0,595 -0,137 

DK19 -0,425 -0,451 0,282 -0,849 -0,397 0,128 

DK20 -0,367 -0,451 0,089 -0,597 -0,204 0,070 

DK21 -0,381 -0,311 0,492 -1,014 -0,468 0,223 

DK22 -0,354 -0,441 0,562 -1,058 -0,668 0,066 

DK23 -0,457 -0,491 0,628 -1,227 -0,784 0,120 

DK24 -0,530 -0,441 -0,262 -0,409 0,156 0,242 

DK25 -0,969 -2,259 -0,215 -0,896 -1,708 -1,136 

DK26 -0,918 -0,627 0,155 -1,215 -0,447 0,445 

DK27 -0,969 -0,572 0,036 -1,147 -0,273 0,550 

DK28 -0,441 -0,524 0,198 -0,781 -0,387 0,070 

DK29 -0,316 -0,572 0,392 -0,850 -0,629 -0,103 

DK30 -0,316 -0,548 -0,444 -0,013 0,232 -0,078 

DK31 -0,696 -0,585 0,141 -0,979 -0,391 0,264 

DK32 -0,642 -0,706 0,094 -0,878 -0,465 0,090 

DK33 -0,726 -1,201 0,556 -1,424 -1,422 -0,321 

DK34 -0,003 -0,548 0,515 -0,660 -0,727 -0,391 

DK35 -0,259 -0,451 -0,074 -0,327 -0,041 -0,038 

DK36 -0,530 -0,524 0,615 -1,286 -0,803 0,159 

DK37 -0,341 -0,460 0,205 -0,687 -0,330 0,034 

DK38 -0,571 -0,304 -0,244 -0,469 0,275 0,420 
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DK39 0,245 -0,928 -0,344 0,447 -0,249 -1,019 

DK40 0,101 -0,641 -0,148 0,107 -0,158 -0,589 

DK41 0,425 -0,432 0,340 -0,057 -0,436 -0,703 

DK42 0,238 -0,113 0,801 -0,704 -0,578 -0,197 

DK43 0,468 0,243 0,072 0,255 0,506 -0,072 

DK44 0,271 -0,481 0,264 -0,135 -0,409 -0,598 

DK45 0,189 -0,524 -0,367 0,414 0,178 -0,559 

DK46 0,218 -0,706 -0,281 0,357 -0,089 -0,770 

DK47 0,245 -1,803 -0,484 0,587 -0,983 -1,894 

DK48 0,508 -0,560 -0,017 0,384 -0,207 -0,914 

DK49 0,456 -0,380 0,013 0,301 -0,058 -0,682 

DK50 0,450 0,003 -0,262 0,570 0,601 -0,293 

PL1 0,252 -0,585 -0,043 0,153 -0,207 -0,683 

PL2 0,313 -0,513 -0,139 0,309 -0,039 -0,672 

PL3 0,499 -0,388 0,030 0,328 -0,082 -0,733 

PL4 0,014 -0,742 -0,268 0,141 -0,138 -0,603 

PL5 0,633 -2,259 -0,308 0,799 -1,615 -2,738 

PL6 0,671 -0,524 0,392 0,136 -0,581 -1,041 

PL7 0,165 -0,502 -0,035 0,059 -0,131 -0,513 

PL8 0,683 -0,311 0,189 0,352 -0,166 -0,841 

PL9 0,493 0,072 0,335 0,016 0,072 -0,267 

PL10 0,280 -0,585 0,054 0,084 -0,304 -0,712 

PL11 0,926 -0,599 -0,344 1,128 0,080 -1,371 

PL12 -0,109 -0,585 -0,032 -0,219 -0,218 -0,323 

PL13 0,549 -2,259 0,143 0,264 -2,067 -2,654 

PL14 -0,080 -0,742 -0,199 -0,023 -0,208 -0,509 

PL15 -0,140 -0,724 -0,828 0,547 0,440 -0,430 

PL16 0,238 -0,585 -0,007 0,104 -0,243 -0,670 

PL17 0,373 -0,599 0,023 0,208 -0,286 -0,818 

PL18 0,310 -0,612 0,102 0,066 -0,379 -0,768 

PL19 0,203 -0,548 -0,294 0,356 0,082 -0,597 

PL20 0,687 -0,185 0,057 0,488 0,093 -0,718 

PL21 0,363 -0,548 -0,107 0,329 -0,105 -0,757 

PL22 0,101 -0,585 -0,344 0,303 0,094 -0,533 

PL23 0,669 -0,441 -0,400 0,927 0,294 -0,957 

PL24 0,072 -0,078 -0,099 0,029 0,355 0,003 

PL25 0,072 -0,599 -0,852 0,783 0,589 -0,517 

PL26 -0,033 -0,536 0,039 -0,214 -0,239 -0,349 

PL27 0,181 -0,641 0,066 -0,027 -0,372 -0,669 

PL28 0,218 -0,536 0,219 -0,143 -0,419 -0,600 

PL29 -0,328 -0,599 -0,563 0,093 0,300 -0,117 

PL30 0,528 -0,599 -0,215 0,601 -0,048 -0,973 

PL31 0,577 -0,223 0,584 -0,149 -0,472 -0,646 

PL32 0,072 -0,253 -0,435 0,366 0,518 -0,171 
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PL33 0,749 -0,388 -0,014 0,621 -0,039 -0,983 

PL34 0,261 -0,657 0,502 -0,383 -0,824 -0,764 

PL35 -0,046 -1,405 -0,028 -0,160 -1,041 -1,205 

PL36 0,337 -0,641 0,456 -0,261 -0,762 -0,825 

PL37 0,812 -0,612 -0,692 1,362 0,415 -1,271 

PL38 -0,033 -0,627 -0,645 0,470 0,353 -0,440 

PL39 0,062 -0,524 -0,344 0,264 0,155 -0,433 

PL40 0,009 -0,672 -0,464 0,331 0,127 -0,527 

PL41 0,435 -0,599 0,187 0,106 -0,451 -0,880 

PL42 0,605 -0,599 0,155 0,308 -0,419 -1,050 

PL43 0,420 -0,849 0,063 0,215 -0,576 -1,115 

PL44 0,697 -0,414 -0,070 0,625 -0,008 -0,957 

PL45 0,025 -0,627 -0,400 0,283 0,108 -0,498 

PL46 0,366 -0,396 0,569 -0,344 -0,629 -0,608 

PL47 0,416 -0,380 0,167 0,107 -0,211 -0,642 

PL48 0,440 -0,560 0,072 0,226 -0,296 -0,846 

PL49 0,657 -1,502 0,360 0,155 -1,526 -2,005 

PL50 0,887 -2,259 -0,351 1,096 -1,572 -2,992 

PT 1 0,175 -0,024 0,773 -0,740 -0,462 -0,045 

PT 2 -0,011 -0,241 0,223 -0,376 -0,129 -0,077 

PT 3 -0,508 -0,346 0,348 -0,998 -0,359 0,316 

PT 4 0,040 -0,279 0,356 -0,458 -0,299 -0,165 

PT 5 0,411 -0,251 0,954 -0,684 -0,869 -0,509 

PT 6 0,609 -0,271 1,239 -0,772 -1,174 -0,726 

PT 7 0,418 -0,144 0,663 -0,386 -0,472 -0,409 

PT 8 -0,287 -0,415 0,221 -0,650 -0,301 0,026 

PT 9 -0,069 -0,191 0,542 -0,753 -0,398 0,032 

PT 10 0,335 0,211 0,322 -0,129 0,224 0,029 

PT 11 0,069 -0,521 0,478 -0,550 -0,664 -0,437 

PT 12 -0,073 -0,429 0,375 -0,590 -0,468 -0,202 

PT 13 0,025 0,193 0,713 -0,829 -0,185 0,321 

PT 14 -0,321 -0,782 0,270 -0,733 -0,717 -0,307 

PT 15 -0,403 -0,150 0,175 -0,720 0,011 0,407 

PT 16 -0,376 -0,073 0,595 -1,113 -0,333 0,457 

PT 17 0,163 -0,611 0,294 -0,272 -0,569 -0,620 

PT 18 -0,161 -0,194 0,106 -0,408 0,035 0,120 

PT 19 -0,496 -0,427 0,422 -1,060 -0,514 0,223 

PT 20 -0,303 -0,234 1,205 -1,650 -1,104 0,222 

PT 21 -0,280 -0,482 0,111 -0,533 -0,258 -0,048 

PT 22 -0,206 -0,246 0,775 -1,123 -0,686 0,114 

PT 23 -0,334 -0,548 0,371 -0,847 -0,584 -0,061 

PT 24 -0,253 -0,284 0,773 -1,167 -0,721 0,123 

PT 25 -0,747 -0,616 0,772 -1,661 -1,053 0,285 

PT 26 -0,449 -0,808 0,727 -1,318 -1,199 -0,205 
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PT 27 0,163 0,228 1,293 -1,271 -0,730 0,218 

PT 28 -0,723 -0,237 1,050 -1,914 -0,951 0,640 

PT 29 -0,015 -0,626 0,480 -0,637 -0,770 -0,457 

PT 30 1,373 1,840 1,121 0,110 1,054 0,621 

PT 31 -0,143 -0,378 0,923 -1,208 -0,965 -0,081 

PT 32 -0,057 -0,337 0,649 -0,848 -0,651 -0,127 

PT 33 -0,213 -0,290 -0,175 -0,179 0,220 0,076 

PT 34 0,807 0,063 0,712 -0,047 -0,314 -0,591 

PT 35 -0,283 -0,295 0,142 -0,566 -0,101 0,142 

PT 36 0,121 -0,837 1,034 -1,055 -1,535 -0,804 

PT 37 -0,079 -0,254 0,227 -0,448 -0,146 -0,022 

PT 38 0,310 -0,366 0,824 -0,656 -0,854 -0,522 

PT 39 0,195 -0,121 1,314 -1,261 -1,100 -0,162 

PT 40 0,014 -0,501 0,532 -0,660 -0,697 -0,361 

PT 41 -0,004 -0,558 0,337 -0,483 -0,560 -0,401 

PT 42 0,112 -0,490 0,367 -0,397 -0,522 -0,448 

PT 43 -0,407 -0,063 0,671 -1,220 -0,398 0,498 

PT 44 0,065 -0,640 0,899 -0,977 -1,204 -0,551 

PT 45 0,201 0,022 0,501 -0,442 -0,144 -0,025 

PT 46 -0,034 -0,037 0,344 -0,519 -0,045 0,151 

PT 47 -0,351 -0,576 0,003 -0,497 -0,244 -0,071 

PT 48 0,112 -0,215 1,449 -1,479 -1,329 -0,173 

PT 49 0,367 -0,259 0,595 -0,369 -0,519 -0,473 

PT 50 -0,309 0,131 0,526 -0,977 -0,059 0,594 
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Table S10. Cohen’s k coefficient (k) for the individual antigens, ratios and scores. Cohen’s kappa 

(k) coefficient was used to assess the agreement beyond chance between the individual antigens 

and scores in control groups (CanL+ and CanL-). The level of agreement based on k was 

interpreted according to the following assumptions: < 0.2 = slight; 0.2–0.4 = fair; 0.4–0.6 = 

moderate; 0.6–0.8 = substantial; >0.8 = almost perfect agreement. Analyses were performed using 

irr package in the R software (R 2.15.1) (R Development Core Team, 2012). 

 
SPLA 

"1" > 0.074 
rK39 

"1" > 0.127 

Log 
(SPLA/SECA) 

"1" >  0 

Log 
(rK39/SECA) 

"1" >  0 

Log (rK39/ 
SPLA) 

"1" >  0 
Score = 5 Score ≥ 4 Score ≥ 3 Score ≥ 2 Score ≥ 1 Score = 0 

SPLA 
"1" > 0.074 1 0,924 0,836 0,824 0,484 0.854 0.953 0.953 0.985 0.514 -0.531  

rK39 
"1" > 0.127 0,924 1 0,792 0,84 0,498 0.839 0.938 0.938 0.939 0.502 -0.518  

Log 
(SPLA/SECA) 

"1" >  0 
0,836 0,792 1 0,755 0,397 0.810 0.848 0.848 0.850 0.549 -0.566  

Log 
(rK39/SECA) 

"1" >  0 
0,824 0,84 0,755 1 0,592 0.769 0.866 0.866 0.838 0.584 -0.601  

Log 
(rK39/SPLA) 

"1" >  0 
0,484 0,498 0,397 0,592 1 0.541 0.520 0.520 0.496 0.820 -0.829  

Score = 5 

0.854 0.839 0.810 0.769 0.541 1 0.900 0.900 0.869 0.410  -0.427  

Score ≥ 4 

0.953 0.938 0.848 0.866 0.520 0.900 1 1.000 0.969 0.479 -0.497  

Score ≥ 3 

0.953 0.938 0.848 0.866 0.520 0.900 1.000 1 0.969 0.479  -0.497  

Score ≥ 2 

0.985 0.939 0.850 0.838 0.496 0.869 0.969 0.969 1 0.502 -0.520  

Score ≥ 1 

0.514 0.502 0.549 0.584 0.820 0.410 0.479 0.479 0.502 1  -0.997  

Score = 0 

-0.531 -0.518 -0.566 -0.601 -0.829 -0.427 -0.497  -0.497  -0.520   -0.997  1 
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Table S11. Optical densities normalized  by the cut-off inferred by ROC curves for each antigen 

(SPLA, rK39 and SECA) in the three cohorts of study: CanL+, CanL- and Europe (HU-Hungary, 

NL-the Netherlands, UK-United Kingdom, DE-Germany, FR-France, DK-Denmark, PL-Poland and 

PT-Portugal). 

Sample Antigen 

 
SPLA rK39 SECA 

Canl+ 1 5,923 13,909 1,551 

Canl+ 2 2,162 4,014 0,565 

Canl+ 3 9,287 45,898 1,036 

Canl+ 4 6,299 2,098 19,180 

Canl+ 5 7,012 1,969 1,009 

Canl+ 6 1,281 10,611 0,694 

Canl+ 7 10,018 1,565 1,302 

Canl+ 8 8,147 13,499 1,215 

Canl+ 9 2,050 2,394 3,990 

Canl+ 10 8,730 2,018 3,742 

Canl+ 11 10,653 8,133 1,215 

Canl+ 12 23,480 135,906 1,098 

Canl+ 13 11,737 49,657 1,527 

Canl+ 14 9,596 25,718 2,574 

Canl+ 15 15,279 206,921 1,074 

Canl+ 16 1,525 38,437 0,495 

Canl+ 17 12,829 87,827 0,900 

Canl+ 18 1,267 39,134 0,724 

Canl+ 19 2,705 40,865 1,316 

Canl+ 20 16,674 12,028 3,165 

Canl+ 21 11,979 190,694 7,544 

Canl+ 22 5,426 25,564 0,990 

Canl+ 23 25,692 91,639 3,431 

Canl+ 24 30,896 29,434 3,645 

Canl+ 25 10,240 23,535 1,445 

Canl+ 26 2,422 3,698 0,671 

Canl+ 27 25,173 25,759 2,132 

Canl+ 28 27,209 159,593 2,581 

Canl+ 29 20,361 124,703 2,398 

CanL- 1 0,558 0,064 0,754 

CanL- 2 0,444 0,075 2,081 

CanL- 3 0,381 0,155 0,566 

CanL- 4 0,359 0,102 1,863 

CanL- 5 0,538 0,101 1,169 

CanL- 6 0,402 0,028 0,553 

CanL- 7 0,406 0,098 1,427 

CanL- 8 0,464 0,147 0,604 

CanL- 9 0,493 0,110 0,689 



3.2.-Results 

141  

CanL- 10 0,426 0,012 0,367 

CanL- 11 0,360 0,039 0,353 

CanL- 12 0,452 0,136 1,001 

CanL- 13 0,389 0,021 0,734 

CanL- 14 0,443 0,042 0,995 

CanL- 15 0,414 0,108 0,350 

CanL- 16 0,387 0,080 1,628 

CanL- 17 0,416 0,021 0,126 

CanL- 18 0,528 0,219 1,264 

CanL- 19 0,374 0,047 0,848 

CanL- 20 0,519 0,041 0,598 

CanL- 21 0,398 0,047 1,085 

CanL- 22 0,416 0,028 1,398 

CanL- 23 0,416 0,060 0,615 

CanL- 24 0,485 0,025 0,294 

CanL- 25 0,479 0,028 0,611 

CanL- 26 0,425 0,118 0,688 

CanL- 27 0,407 0,019 0,641 

CanL- 28 0,454 0,058 1,861 

CanL- 29 0,740 0,433 0,632 

CanL- 30 0,045 0,011 0,777 

CanL- 31 0,016 0,022 1,325 

CanL- 32 0,016 0,007 0,645 

CanL- 33 0,034 0,036 0,829 

CanL- 34 0,007 0,078 0,627 

CanL- 35 0,065 0,172 1,570 

CanL- 36 0,011 0,151 0,236 

CanL- 37 0,040 0,026 1,232 

CanL- 38 0,011 0,007 0,622 

CanL- 39 0,011 0,007 5,094 

CanL- 40 0,011 0,240 0,312 

CanL- 41 0,353 0,063 2,424 

CanL- 42 0,058 0,007 0,449 

CanL- 43 0,177 0,140 2,824 

CanL- 44 0,152 0,102 1,311 

CanL- 45 0,130 0,005 0,970 

CanL- 46 0,222 0,013 2,116 

CanL- 47 0,221 0,020 1,439 

CanL- 48 0,069 0,025 3,015 

CanL- 49 0,213 0,041 1,122 

CanL- 50 0,354 0,007 0,792 

CanL- 51 0,130 0,005 0,602 

CanL- 52 0,074 0,007 0,346 

CanL- 53 0,134 0,058 0,816 
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CanL- 54 0,029 0,007 1,212 

CanL- 55 0,079 0,016 0,820 

CanL- 56 0,202 0,047 0,874 

CanL- 57 0,132 0,019 0,307 

CanL- 58 0,067 0,026 1,550 

CanL- 59 0,327 0,052 1,324 

CanL- 60 0,175 0,014 0,973 

CanL- 61 0,112 0,010 0,976 

CanL- 62 0,400 0,017 1,620 

CanL- 63 0,110 0,007 0,786 

CanL- 64 0,154 0,038 0,818 

CanL- 65 0,342 0,110 0,365 

CanL- 66 0,228 0,016 1,424 

CanL- 67 0,255 0,015 4,627 

CanL- 68 0,199 0,045 0,546 

CanL- 69 0,128 0,031 0,950 

CanL- 70 0,092 0,245 0,912 

CanL- 71 0,137 0,059 0,680 

CanL- 72 0,011 0,032 0,339 

CanL- 73 0,025 0,027 0,780 

CanL- 74 0,125 0,044 0,457 

CanL- 75 0,128 0,082 0,824 

CanL- 76 0,052 0,031 1,770 

CanL- 77 0,011 0,024 0,438 

CanL- 78 0,101 0,049 0,446 

CanL- 79 0,011 0,031 0,653 

CanL- 80 0,016 0,032 0,993 

CanL- 81 0,190 0,213 1,260 

CanL- 82 0,038 0,144 0,564 

CanL- 83 0,016 0,061 0,278 

CanL- 84 0,103 0,091 0,604 

CanL- 85 0,215 0,096 4,579 

CanL- 86 0,074 0,182 0,689 

CanL- 87 0,383 0,262 1,923 

CanL- 88 0,322 0,241 0,735 

CanL- 89 0,076 0,007 0,434 

CanL- 90 0,011 0,052 0,166 

CanL- 91 0,244 0,009 0,215 

CanL- 92 0,436 0,002 0,109 

CanL- 93 0,114 0,007 0,053 

CanL- 94 0,224 0,029 0,525 

CanL- 95 0,199 0,009 0,033 

CanL- 96 0,304 0,028 0,008 

CanL- 97 0,027 0,002 0,240 
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CanL- 98 0,011 0,015 1,051 

CanL- 99 0,011 0,129 0,938 

CanL- 100 0,023 0,049 0,128 

CanL- 101 0,043 0,016 1,648 

CanL- 102 0,094 0,019 0,050 

CanL- 103 0,011 0,007 0,096 

CanL- 104 0,027 0,016 0,542 

CanL- 105 0,011 0,016 0,264 

CanL- 106 0,011 0,014 0,119 

CanL- 107 0,011 0,012 0,087 

CanL- 108 0,027 0,232 0,095 

CanL- 109 0,011 0,007 2,279 

CanL- 110 0,011 0,043 0,937 

CanL- 111 0,011 0,056 0,102 

CanL- 112 0,011 0,001 0,059 

CanL- 113 0,011 0,007 0,110 

CanL- 114 0,011 0,005 0,334 

CanL- 115 0,011 0,010 0,104 

CanL- 116 0,011 0,228 0,161 

CanL- 117 0,011 0,050 0,031 

CanL- 118 0,011 0,003 0,042 

CanL- 119 0,011 0,182 0,049 

CanL- 120 0,011 0,005 0,023 

CanL- 121 0,007 0,003 0,045 

HU1 1,812 0,079 0,477 

HU2 2,000 0,472 5,016 

HU3 1,383 0,457 0,641 

HU4 2,523 0,803 1,102 

HU5 0,752 0,370 0,602 

HU6 1,799 0,006 0,758 

HU7 0,685 0,102 0,633 

HU8 5,208 0,339 1,000 

HU9 0,456 0,087 0,461 

HU10 1,826 0,433 0,664 

HU11 1,128 0,370 0,430 

HU12 1,812 0,339 1,008 

HU13 1,396 0,331 0,430 

HU14 2,497 0,299 0,945 

HU15 0,470 0,283 0,398 

HU16 1,087 0,228 0,430 
HU17 3,275 0,559 2,461 

HU18 0,336 0,252 0,672 

HU19 1,852 0,315 0,484 

HU20 1,101 0,268 0,250 
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HU21 0,416 0,480 1,969 

HU22 0,832 0,504 0,445 

HU23 1,584 0,512 0,719 

HU24 2,215 0,276 0,586 

HU25 1,047 0,063 0,250 

HU26 2,201 0,006 0,594 

HU27 0,510 0,315 0,547 

HU28 0,389 0,441 0,273 

HU29 1,208 0,315 0,359 

HU30 1,007 0,276 0,461 

HU32 1,463 0,094 0,461 

HU33 2,040 0,417 0,898 

HU35 1,785 0,291 0,336 

HU36 0,926 0,299 0,188 

HU37 1,557 0,630 1,547 

HU38 0,779 0,354 0,719 

HU39 0,497 0,323 0,375 

HU40 1,436 0,315 1,211 

HU41 0,993 0,094 0,719 

HU42 0,362 0,244 0,734 

HU43 1,074 0,354 1,219 

HU44 1,208 0,299 0,617 

HU45 1,503 0,346 0,938 

HU46 0,550 0,252 2,492 

HU47 1,490 0,346 0,695 

HU48 3,128 0,189 0,688 

HU49 0,980 0,110 1,070 

NL3 0,564 0,283 1,172 

NL5 0,765 0,276 1,023 

NL6 0,591 0,354 2,383 

NL7 0,591 0,252 0,531 

NL8 0,416 0,291 0,727 

NL9 0,671 0,346 0,672 

NL10 0,913 0,228 1,539 

NL11 0,658 0,071 0,703 

NL12 0,523 0,236 0,352 

NL13 0,228 0,252 0,297 

NL14 1,101 0,441 0,453 

NL16 0,671 0,299 0,773 

NL17 0,470 0,291 0,234 

NL18 0,201 0,063 0,391 

NL19 0,711 0,236 0,695 

NL20 0,228 0,228 0,203 

NL21 0,886 0,315 0,477 
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NL22 0,389 0,236 0,844 

NL23 0,510 0,307 0,391 

NL24 1,074 0,362 5,375 

NL25 1,570 0,213 0,758 

NL26 0,523 0,110 1,578 

NL27 0,456 0,433 0,195 

NL28 0,725 0,236 0,391 

NL30 0,215 0,236 1,750 

NL31 0,094 0,213 0,414 

NL32 0,201 0,220 0,648 

NL33 0,107 0,244 0,219 

NL34 0,148 0,142 0,203 

NL35 0,161 0,006 0,005 

NL37 0,336 0,220 0,234 

NL38 0,188 0,205 0,297 

NL39 0,685 0,228 0,242 

NL40 0,940 0,220 0,336 

NL43 0,349 0,236 0,234 

NL44 0,215 0,228 0,234 

NL45 0,497 0,181 0,258 

NL46 0,631 0,024 0,031 

NL47 1,758 0,205 0,125 

NL48 3,221 0,228 0,023 

NL49 2,859 0,378 0,719 

NL50 0,255 0,283 0,617 

GB1 0,617 0,354 1,211 

GB2 1,409 0,006 0,211 

GB3 1,557 0,244 1,070 

GB4 0,980 0,268 0,180 

GB5 0,966 0,291 0,188 

GB6 1,503 0,268 0,367 

GB7 1,248 0,323 0,805 

GB8 0,604 0,228 0,406 

GB9 1,047 0,236 0,289 

GB10 0,470 0,006 0,109 

GB11 0,805 0,213 0,867 

GB12 0,483 0,827 0,867 

GB13 0,483 0,228 0,914 

GB14 0,376 0,299 0,516 

GB15 0,644 0,220 0,164 

GB16 2,564 0,205 0,938 

GB17 0,268 0,142 0,938 

GB18 0,134 0,006 0,359 

GB19 0,148 0,189 0,406 
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GB21 2,349 0,409 0,102 

GB22 2,054 0,189 0,078 

GB23 1,919 0,740 0,977 

GB24 3,262 0,236 0,570 

GB25 6,349 0,205 0,516 

GB26 1,450 0,126 0,195 

GB28 0,295 0,063 0,422 

GB29 0,282 0,299 0,805 

GB30 0,067 0,268 0,602 

GB31 1,074 0,276 2,328 

GB32 0,094 0,213 0,477 

GB33 0,309 0,213 0,148 

GB34 0,282 0,006 1,281 

GB35 0,644 0,039 0,117 

GB36 0,456 0,236 0,164 

GB37 2,913 0,331 1,398 

GB38 2,309 0,228 1,148 

GB39 0,215 0,268 1,109 

GB40 0,658 0,244 0,500 

GB41 0,107 0,244 0,102 

GB42 0,376 0,283 0,461 

GB43 1,799 0,173 0,914 

GB44 4,805 0,228 0,500 

GB45 2,000 0,291 0,609 

GB46 1,114 0,386 0,398 

GB47 2,752 0,378 1,750 

GB48 3,570 0,850 0,344 

GB49 2,309 0,260 0,164 

GB50 1,933 0,213 0,172 

DE1 0,940 0,006 0,133 

DE2 0,309 0,205 0,008 

DE3 1,248 0,205 0,023 

DE4 1,034 0,197 0,852 

DE5 0,456 0,213 0,055 

DE6 1,087 0,197 0,219 

DE7 0,550 0,189 0,359 

DE8 1,154 0,134 0,117 

DE9 2,067 0,134 0,438 

DE11 1,611 0,669 4,813 

DE12 0,819 0,260 0,734 

DE13 2,846 0,268 1,250 

DE14 2,027 0,268 0,406 

DE15 1,987 0,276 0,797 

DE16 2,027 0,142 0,375 
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DE17 1,893 0,236 0,633 

DE18 1,852 0,299 1,297 

DE19 0,846 0,283 2,117 

DE20 1,570 0,378 0,516 

DE21 1,154 0,252 0,602 

DE22 1,490 0,252 0,375 

DE23 1,168 0,197 0,469 

DE24 6,268 0,024 1,359 

DE26 1,007 0,205 0,289 

DE27 0,725 0,228 0,578 

DE28 1,651 0,236 1,078 

DE29 1,517 0,205 0,078 

DE30 1,477 0,205 0,633 

DE31 0,577 0,205 0,516 

DE32 1,597 0,134 0,180 

DE33 1,369 0,189 0,547 

DE34 1,624 0,244 0,930 

DE35 0,819 0,205 0,227 

DE37 1,812 0,291 0,414 

DE38 1,906 0,315 3,156 

DE39 0,228 0,197 0,016 

DE40 1,530 0,252 0,945 

DE41 0,913 0,260 0,758 

DE42 1,114 0,006 0,680 

DE43 1,732 0,228 0,320 

DE44 0,993 0,236 0,359 

DE45 1,007 0,283 0,336 

DE46 1,396 0,402 1,109 

DE47 1,060 0,409 1,430 

DE48 0,953 0,024 0,805 

DE49 0,081 0,220 0,422 

DE50 0,242 0,228 0,039 

FR1 0,282 0,016 0,844 

FR2 0,403 1,118 0,313 

FR3 0,228 0,268 0,656 

FR4 0,362 0,299 1,086 

FR5 0,161 0,142 0,391 

FR6 0,174 0,071 0,867 

FR7 0,121 0,228 0,344 

FR8 0,510 0,236 0,406 

FR9 0,564 0,260 0,352 

FR10 0,483 0,236 0,195 

FR11 0,215 0,283 0,273 

FR12 0,456 0,268 1,188 
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FR13 0,430 0,252 0,508 

FR14 0,631 0,006 1,336 

FR15 0,322 0,228 0,359 

FR16 0,067 0,236 1,359 

FR17 0,161 0,244 1,406 

FR18 0,228 0,370 0,688 

FR19 0,591 0,402 1,125 

FR20 0,658 0,244 0,570 

FR21 0,416 0,173 0,492 

FR22 0,497 0,024 0,539 

FR23 0,228 0,213 0,078 

FR24 0,336 0,228 0,086 

FR25 0,148 0,283 3,367 

FR26 0,094 0,228 1,227 

FR27 0,081 0,213 0,133 

FR28 0,134 0,165 0,703 

FR29 0,523 0,386 0,641 

FR30 0,322 0,386 1,305 

FR31 0,336 0,402 0,766 

FR32 0,510 0,331 0,836 

FR33 0,201 0,252 1,414 

FR34 0,456 0,331 1,578 

FR35 0,282 0,354 1,625 

FR36 0,336 0,047 0,594 

FR37 0,228 0,252 0,539 

FR38 0,174 0,299 0,430 

FR39 0,336 0,480 5,773 

FR40 0,376 0,299 0,523 

FR41 0,107 0,307 0,344 

FR42 0,658 0,346 1,375 

FR43 0,255 0,197 0,336 

FR44 0,322 0,006 0,625 

FR45 0,389 0,283 0,820 

FR46 0,336 0,244 1,625 

FR47 0,121 0,228 0,516 

FR48 0,174 0,244 0,469 

FR49 0,134 0,244 0,211 

FR50 0,228 0,362 1,047 

DK1 0,805 0,291 2,172 

DK2 0,443 0,006 1,344 

DK3 0,268 0,268 0,313 

DK4 0,604 0,354 0,797 

DK5 0,779 0,307 1,102 

DK6 0,497 0,323 1,422 
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DK7 0,228 0,244 0,336 

DK8 0,215 0,006 0,578 

DK9 0,295 0,283 1,625 

DK10 0,134 0,236 0,273 

DK11 0,242 0,268 1,531 

DK12 0,698 0,315 1,523 

DK13 0,362 0,291 0,969 

DK14 0,483 0,346 4,844 

DK15 0,430 0,409 1,375 

DK16 0,295 0,228 1,000 

DK17 0,805 0,205 3,578 

DK18 0,738 0,378 3,219 

DK19 0,376 0,354 1,914 

DK20 0,430 0,354 1,227 

DK21 0,416 0,488 3,102 

DK22 0,443 0,362 3,648 

DK23 0,349 0,323 4,250 

DK24 0,295 0,362 0,547 

DK25 0,107 0,006 0,609 

DK26 0,121 0,236 1,430 

DK27 0,107 0,268 1,086 

DK28 0,362 0,299 1,578 

DK29 0,483 0,268 2,469 

DK30 0,483 0,283 0,359 

DK31 0,201 0,260 1,383 

DK32 0,228 0,197 1,242 

DK33 0,188 0,063 3,602 

DK34 0,993 0,283 3,273 

DK35 0,550 0,354 0,844 

DK36 0,295 0,299 4,117 

DK37 0,456 0,346 1,602 

DK38 0,268 0,496 0,570 

DK39 1,758 0,118 0,453 

DK40 1,262 0,228 0,711 

DK41 2,658 0,370 2,188 

DK42 1,732 0,772 6,320 

DK43 2,940 1,748 1,180 

DK44 1,866 0,331 1,836 

DK45 1,544 0,299 0,430 

DK46 1,651 0,197 0,523 

DK47 1,758 0,016 0,328 

DK48 3,221 0,276 0,961 

DK49 2,859 0,417 1,031 

DK50 2,819 1,008 0,547 
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PL1 1,785 0,260 0,906 

PL2 2,054 0,307 0,727 

PL3 3,154 0,409 1,070 

PL4 1,034 0,181 0,539 

PL5 4,295 0,006 0,492 

PL6 4,685 0,299 2,469 

PL7 1,463 0,315 0,922 

PL8 4,819 0,488 1,547 

PL9 3,114 1,181 2,164 

PL10 1,906 0,260 1,133 

PL11 8,430 0,252 0,453 

PL12 0,779 0,260 0,930 

PL13 3,544 0,006 1,391 

PL14 0,832 0,181 0,633 

PL15 0,725 0,189 0,148 

PL16 1,732 0,260 0,984 

PL17 2,362 0,252 1,055 

PL18 2,040 0,244 1,266 

PL19 1,597 0,283 0,508 

PL20 4,859 0,654 1,141 

PL21 2,309 0,283 0,781 

PL22 1,262 0,260 0,453 

PL23 4,671 0,362 0,398 

PL24 1,181 0,835 0,797 

PL25 1,181 0,252 0,141 

PL26 0,926 0,291 1,094 

PL27 1,517 0,228 1,164 

PL28 1,651 0,291 1,656 

PL29 0,470 0,252 0,273 

PL30 3,369 0,252 0,609 

PL31 3,772 0,598 3,836 

PL32 1,181 0,559 0,367 

PL33 5,611 0,409 0,969 

PL34 1,826 0,220 3,180 

PL35 0,899 0,039 0,938 

PL36 2,174 0,228 2,859 

PL37 6,483 0,244 0,203 

PL38 0,926 0,236 0,227 

PL39 1,154 0,299 0,453 

PL40 1,020 0,213 0,344 

PL41 2,725 0,252 1,539 

PL42 4,027 0,252 1,430 

PL43 2,631 0,142 1,156 

PL44 4,980 0,386 0,852 
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PL45 1,060 0,236 0,398 

PL46 2,322 0,402 3,703 

PL47 2,604 0,417 1,469 

PL48 2,752 0,276 1,180 

PL49 4,537 0,031 2,289 

PL50 7,705 0,006 0,445 

PT 1 1,495 0,945 5,931 

PT 2 0,975 0,574 1,673 

PT 3 0,310 0,451 2,229 

PT 4 1,097 0,526 2,270 

PT 5 2,576 0,561 8,987 

PT 6 4,065 0,536 17,337 

PT 7 2,621 0,717 4,599 

PT 8 0,516 0,385 1,664 

PT 9 0,852 0,643 3,480 

PT 10 2,163 1,625 2,100 

PT 11 1,173 0,301 3,005 

PT 12 0,845 0,372 2,369 

PT 13 1,060 1,559 5,163 

PT 14 0,478 0,165 1,864 

PT 15 0,395 0,708 1,495 

PT 16 0,421 0,845 3,938 

PT 17 1,456 0,245 1,967 

PT 18 0,691 0,639 1,276 

PT 19 0,319 0,374 2,645 

PT 20 0,498 0,583 16,046 

PT 21 0,525 0,330 1,292 

PT 22 0,622 0,567 5,962 

PT 23 0,464 0,283 2,350 

PT 24 0,559 0,520 5,926 

PT 25 0,179 0,242 5,919 

PT 26 0,356 0,156 5,336 

PT 27 1,456 1,689 19,624 

PT 28 0,189 0,580 11,215 

PT 29 0,965 0,237 3,020 

PT 30 23,588 69,186 13,211 

PT 31 0,720 0,419 8,376 

PT 32 0,878 0,460 4,460 

PT 33 0,613 0,513 0,668 

PT 34 6,409 1,155 5,150 

PT 35 0,521 0,507 1,385 

PT 36 1,320 0,146 10,816 

PT 37 0,834 0,557 1,688 

PT 38 2,043 0,431 6,671 
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PT 39 1,565 0,756 20,618 

PT 40 1,034 0,316 3,406 

PT 41 0,992 0,276 2,174 

PT 42 1,294 0,324 2,329 

PT 43 0,391 0,866 4,689 

PT 44 1,160 0,229 7,933 

PT 45 1,588 1,053 3,172 

PT 46 0,925 0,918 2,206 

PT 47 0,445 0,266 1,008 

PT 48 1,293 0,609 28,118 

PT 49 2,329 0,550 3,932 

PT 50 0,491 1,353 3,358 

 

 

 

Table S12. Seropositivity values for the three cohorts of study: CanL+, CanL- and Europe (HU-

Hungary, NL-the Netherlands, UK-United Kingdom, DE-Germany, FR-France, DK-Denmark, PL-

Poland and PT-Portugal), and total seropositivity associated with each score (0, 1, 2, 3, 4 and 5). 

 

 
Score 5 4 3 2 1 0 

 

Total                  
Seropositivity  % 

0,3 1,6 16,4 37,2 26,6 18,0 

        

Eu
ro

p
e

 

HU  % 0,0 0,0 27,0 10,5 9,8 4,9 

NL  % 0,0 0,0 7,9 14,0 5,9 10,8 

GB  % 0,0 0,0 17,5 16,1 6,9 6,9 

DE  % 0,0 0,0 22,2 15,4 5,9 4,9 

FR  % 0,0 16,7 1,6 12,6 17,6 11,8 

DK  % 0,0 33,3 1,6 8,4 20,6 13,7 

PL  % 0,0 33,3 17,5 19,6 5,9 2,9 

PT  % 100,0 16,7 4,8 3,5 27,5 11,8 

  CanL+  % 82,8 13,8 0,0 3,4 0,0 0,0 

 
CanL-  % 0,0 0,0 0,0 6,6 27,3 66,1 
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SUMMARY 

 

The prevention of canine leishmaniosis in the Mediterranean basin is considered essential 

to stop zoonotic visceral leishmaniosis. Dog vaccination is expected to have a significant 

role in the control of the disease. Notwithstanding, vaccine-induced humoral response can 

complicate the capacity to distinguish natural infection from vaccination. To address this 

question a cohort of 20 animals was vaccinated with CaniLeish® (standard formulation) 

and followed-up for 2 years to evaluate the evolution of seroreactivity over time against 

several Leishmania antigens, SPLA, rK39, rK28, LicTXNPx, rKDDR, LAM and RPM, in 

comparison to 15 non-vaccinated animals. The SPLA was recognized in the context of 

vaccination, while none of the other evaluated antigens presented sufficient predictive 

value to differentiate between vaccination (or its absence) and natural infection. 

Nonetheless, using the relation between the response to different antigens, we found that 

rK39/SPLA ratio was able to distinguish vaccinated from infected and also from non-

infected dogs (sensitivity=92.3% and specificity=95.4%).  
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INTRODUCTION 

 

Protozoan parasites of the genus Leishmania, present in four continents, are the 

etiological agents of Canine Leishmaniosis (CanL) and Zoonotic Human Visceral 

Leishmaniosis (ZHVL) impacting both veterinary and public health (Kedzierski, 2011; 

Otranto & Dantas-Torres, 2013; Foroughi-Parvar & Hatam, 2014). In endemic areas, in 

the presence of sand fly vector, dogs contribute to the prevalence of ZHVL acting as 

parasite reservoirs (Andrade et al., 2009; Reis et al., 2010; Costa et al., 2013). Prevention 

of infection in the natural reservoirs is the most effective way to stop the perpetuation of 

Leishmania life cycle and disease control. Vaccination is considered the most effective 

tool to eradicate the canine and human disease (Alvar et al., 2004; Ribeiro et al., 2015; 

Regina-Silva et al., 2016). Notwithstanding, early diagnosis, treatment, vector and 

reservoir control, are also important points of surveillance programs as a strategy to 

eliminate leishmaniosis (de Andrade et al., 2007; Foroughi-Parvar & Hatam, 2014; Oliva 

et al., 2014). Currently, in Europe, there are two available canine vaccines: CaniLeish® 

(Virbac Animal Health, licensed since 2011) and LetiFend® (Leti, licensed since 2017). 

CaniLeish® vaccine contains excreted/secreted antigens purified from the culture 

supernatant of Leishmania infantum promastigotes (LiESP). CaniLeish® induces Th1 cell-

mediated response and production of IgG1 and IgG2 antibodies, and so, seroreactivity 

due to natural infection or due to immunoprophylaxis can be difficult to distinguish as 

cross-reactivity to Leishmania antigens can occur (Oliva et al., 2014; Solano-Gallego et 

al., 2017). Considering that serological methodologies are recommended as a laboratory 

tool to diagnose CanL infection, vaccine-induced anti-Leishmania antibodies can be a 

complication as they are detectable for months after the challenge. Consequently, induced 

seroconversion by vaccines can represent a problem in surveillance and control 

programs, since it can contribute to unnecessary treatment and potentially euthanasia of 

healthy dogs (de Andrade et al., 2007; Andrade et al., 2009; Gustavo A. S. Romero, 2010; 

Ker et al., 2013; Foroughi-Parvar & Hatam, 2014; Ribeiro et al., 2015; Solano-Gallego et 

al., 2017). Enzyme-linked immunosorbent assay (ELISA) test is one of the most widely 

used mainly due to its applicability in mass screen studies (Marcondes et al., 2013; Costa 

et al., 2014). Information and development of new tools regarding differentiation of post-

vaccination seroconversion and natural infection are needed, to assess real seropositivity 

status. In this study, it was evaluated the predictive value of the relation between the 
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reactivity of seven different antigens and its proficiency to distinguish vaccine-induced 

antibodies from natural infection antibodies in a cohort of 35 dogs. 

MATERIAL AND METHODS 

 

Animals 

 

A cohort of 35 healthy dogs was followed up for 2 years. Previously, parasitological and 

serological tests were performed to confirm the absence of Leishmania infection. Dogs 

were housed in kennels with insecticide nets. Twenty dogs were vaccinated (V) with 

CaniLeish® (standard formulation) and 15 were not (NV). The vaccination was done in 3 

doses with 21 days of interval each. After the last dose dogs were maintained 1 more 

month protected with insecticide nets. 

 

Samples 

 

Samples were collected at two time points: M1 (1 month after the administration of the last 

dose of vaccination) and M25 (25 months after the administration of the last dose of 

vaccination). Immunofluorescence antibody test (IFAT), polymerase chain reaction (PCR) 

and culture assays were performed in the two time points for all dog samples. Clinical 

surveillance was also done to evaluate symptomatology compatible with leishmaniasis. 

The cohort was divided into 4 groups concerning IFAT, PCR, and clinical evaluation: C- 

(non-vaccinated healthy animals; n=6), C+ (non-vaccinated parasitized animals; n=9), V- 

(vaccinated healthy animals; n=13) and V+ (vaccinated parasitized animals; n=7) (figure 

1). 
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Fig.1 - Representation of the cohort (35 dogs) divided in 4 groups: V- (vaccinated healthy animals), 

V+ (vaccinated parasitized animals), C- (non-vaccinated healthy animals) and C+ (non-vaccinated 

parasitized animals). IFAT and PCR tests and clinical status at M25 were used as criteria for this 

division. 

 

 

Antigens 

 

For SPLA (soluble promastigote Leishmania antigen), Leishmania promastigotes were 

obtained as previously described (Santarem et al., 2010). Parasites were washed three 

times with phosphate-buffered saline (PBS), pH 7.4, and centrifuged at 3.500 x g, 10 min, 

at 4ºC. Pellet was suspended in PBS containing 1 mM phenylmethylsulfonyl fluoride 

(PMSF) protease inhibitor and submitted to 10 freeze-thaw cycles for rupture of the 

parasites. This suspension was centrifuged at 13.000 x g, 30 min, at 4ºC and the 

supernatant was recovered, quantified by DCTM (detergent compatible) Protein Assay 

(BioRad, Germany), and stored at -80 ºC in single aliquots. The recombinant protein 

LicTXNPx (Leishmania infantum cytosolic tryparedoxin), was purified by affinity 

chromatography on a Ni-NTA column (Qiagen) as described in previous reports (Cordeiro-
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da-Silva et al., 2003) and it was obtained as recombinant protein containing six histidine 

residues at its N-terminal.  LicTXNPx was quantified by DCTM Protein Assay, and stored at 

-80 ºC in single aliquots. The recombinant protein K39 (rK39) and recombinant protein 

K28 (rK28) lyophilized antigens, obtained from Dr. Steven Reed, from Infectious Disease 

Research Institute (Seattle, USA) were suspended in deionized and 0.22 μm membrane-

filtered H2O, quantified, and stored at -80ºC in single use aliquots. The recombinant 

protein kDDR (rKDDR), provided by Dr. Ricardo Fujiwara, from Universidade Federal de 

Minas Gerais (Belo Horizonte, Brasil), was quantified by DCTM Protein Assay, and stored 

at -80 ºC in single aliquots. Leishmania antigen mixture (LAM) was prepared as described 

by Santarém et al (Santarem et al., 2010), combining LicTXNPx and rK39. Finally, 

recombinant protein mixture (RPM) was prepared by the combination of LicTXNPX with 

rK28. 

 

Evaluation of seroreactivity 

 

Seroreactivity was performed by ELISA against 7 different antigens: SPLA, 4 recombinant 

antigens – LicTXNPx, rK39, rK28, and rKDDR, and two mixtures of antigens - LAM and 

RPM) by ELISA. Ninety six-well flat-bottomed microtiter plates (Greiner Bio-One) were 

coated with 50 µl of 0.1 M carbonate buffer adjusted at pH=9.6, with the respective 

antigen concentration under study [10 µg/ml of SPLA, 3 µg/ml of LicTXNPx, 1 µg/ml of 

rK39, 4 µg/ml of rK28,  3 µg/ml of rKDDR, 5 µg/ml of LAM (1 µg/ml of LicTXNPx + 4 µg/ml 

of rK39) and 5 µg/ml of RPM (3 µg/ml of LicTXNPx + 2 µg/ml of rK28)]. Plates were 

incubated ON at 4ºC, and blocked with 200 µl of PBS-low-fat-milk 3% at 37ºC for 1h. 

Next, plates were washed with PBS-Tween 0.05% (PBS-T), and the sera, positive and 

negative controls diluted 1:1500 in PBS-T-low-fat-milk 1%, were dispensed in triplicate 

(100 µl/well) and incubated at 37ºC for 30 min. After a washing step, 100 µl/well of 

secondary antibody - anti-dog IgG conjugated to horseradish peroxidase (Sigma) - diluted 

1:1176.5, was added and the plates were incubated at 37ºC for 30 min. Plates were 

washed and incubated with 0.5 mg/ml of o-phenylenediamine dihydrochloride (Sigma) for 

10 min in the dark. Reaction was stopped with 50 µl/well of HCl 3 M. Absorbance was 

read at 492 nm in an automatic reader (Synergy 2, BioTek Instruments, Inc., Vermont). All 

samples and antigens were assayed in two independent assays. 
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Statistical analysis 

 

Receiver operating characteristic (ROC) curves were generated using sera from two 

distinct groups of animals: 29 Leishmania-infected dogs living in geographical regions of 

Portugal where CanL is endemic and 121 non-infected dogs originated from a non-

endemic region from Portugal. A 95 % confidence interval (95 % CI) for the area under the 

ROC curve was considered. Cut-off values were inferred through these curves for each 

antigen (by choosing the best compromise between sensitivity and specificity associated 

with the ROC curve). The optical densities (OD) of each sample were normalized by 

division with the corresponding antigen cut-off. These normalized values were used to 

assess the ratio between the antigens. The values of sensitivity (Se), specificity (Sp), 

positive predictive value (PPV) and negative predictive value (NPV) were calculated for 

each antigen ratio (Parikh et al., 2008). The ROC curves, One-way ANOVA, Mann-

Whitney and Kruskal-Wallis tests were performed using GraphPad Prism 5 software 

(GraphPad Software, USA).  
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RESULTS 

 

Evaluation of seroreactivity at 1 month after the administration of the last dose of 

vaccination   

 

ROC curves were performed for all antigens (SPLA, rK39, rK28, LicTXNPx, rKDDR, LAM 

and RPM) and cut-off values inferred were used to normalize the optical densities 

obtained for each sample. Concerning the groups of vaccinated (V) and non-vaccinated 

(NV) animals, one month after the administration of the last vaccination dose, there were 

no significant differences in the reactivity of the samples for any antigen, with exception of 

SPLA (Fig 2). From the twenty vaccinated animals, ten were above the cut-off for SPLA at 

M1 time point, representing 50% of seropositivity. No statistical differences were 

presented by rK39, rK28, LicTXNPx, rKDDR, LAM and RPM antigens for V and NV 

groups at this time point. 

 

 

 

Fig. 2 - Seroreactivity at M1 for non-vaccinated (NV) and vaccinated (V) dogs to the different 

antigens: SPLA, rK39, rK28, LicTXNPx, rKDDR, LAM and RPM. Results are expressed as the 

logarithm of the optical density values normalized by the cut-off for each antigen. Results represent 

the average of at least two independent experiments.  
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Evaluation of seroreactivity at 25 months after the administration of the last dose of 

vaccination   

 

 

The seroreactivities against the seven antigens tested were analyzed at M25 time point 

for the vaccinated and non-vaccinated groups: V- (vaccinated healthy animals), V+ 

(vaccinated parasitized animals), C- (non-vaccinated healthy animals) and C+ (non-

vaccinated parasitized animals). The optical densities for each antigen were normalized 

by the respective cut-off and then logarithmized. No statistical differences were observed 

in seroreactivities to the antigens LicTXNPX and rKDDR between the four groups of 

animals (V-, V+, C-, C+). For SPLA, rK39, rK28, LAM and RPM statistical differences were 

observed between the four groups of study. The statistical differences were more evident 

for SPLA (Fig 3). Twenty-five months after immunization, the seroreactivity was observed 

for all 13 animals in the V- group and for all the 7 animals in V+ group only against SPLA. 

For LicTXNPx, 8 of 13 animals in V- group presented this profile. All the other 

recombinant antigens were mostly seronegative for the V- group. Combining the 

information of seropositivity to SPLA and seronegativity to the other recombinant antigens, 

in V- group a high prediction level was observed with more than 80% of the V- group 

presenting this profile (excluding LicTXNPx) (Table 1). Still, 13.6% to 31.8% of the 

animals also presented this profile when using the same approaches, considering infected 

animals (vaccinated and non-vaccinated) and non-vaccinated healthy animals. 
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Fig. 3 - Seroreactivities at M25 in C-, C+, V- and V+ groups against SPLA, rK39, rK28 and LicTXNPX antigens. Results are expressed as the 

logarithm of the optical density values normalized by the cut-off for each antigen. Results represent the average of two independent experiments 

performed in triplicate. Statistical analysis was done by one-way ANOVA and Kruskal-Wallis tests. Three levels of statistical significance are 

represented: “significant” (* 0.01≤P<0.05), “very significant” (** 0.001≤P<0.01) and “extremely significant” (*** 0.0001≤P<0.001). 

[Escreva um trecho do documento ou o 

resumo de um ponto interessante. Pode 

posicionar a caixa de texto em qualquer 

ponto do documento. Utilize o separador 

Ferramentas de Desenho para alterar a 

formatação da caixa de texto do trecho em 

destaque.] 
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Fig. 3 - Seroreactivities at M25 in C-, C+, V- and V+ groups against rKDDR, LAM and RPM antigens. Results are expressed as the logarithm of the 

optical density values normalized by the cut-off for each antigen. Results represent the average of two independent experiments performed in 

triplicate. Statistical analysis was done by one-way ANOVA and Kruskal-Wallis tests. Three levels of statistical significance are represented: 

“significant” (* 0.01≤P<0.05), “very significant” (** 0.001≤P<0.01) and “extremely significant” (*** 0.0001≤P<0.001). 

[Escreva um trecho do documento ou o 

resumo de um ponto interessante. Pode 

posicionar a caixa de texto em qualquer 

ponto do documento. Utilize o separador 

Ferramentas de Desenho para alterar a 

formatação da caixa de texto do trecho em 

destaque.] 
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Table 1 – Comparison of seropositivity observed for SPLA with seronegativity observed 

for the antigens rK39, rK28, LicTXNPx, rKDDR, LAM and RPM at M25 time point. 

 

 
 

 
 
 

 

SPLA+/rK39-* SPLA+/rK28- SPLA+/LicTXNPx- SPLA+/rKDDR- SPLA+/LAM- SPLA+/RPM- 

V- 92.3 (12/13) 92.3 (12/13) 38.5 (5/13) 100 (13/13) 92.3 (12/13) 84.6 (11/13) 

V+ 42.8 (3/7) 42.8 (3/7) 28.6 (2/7) 42.8 (3/7) 42.8 (3/7) 42.8 (3/7) 

C- 33.3 (2/6) 16.7 (1/6) 0.0 (0/6) 33.3 (2/6) 33.3 (2/6) 33.3 (2/6) 

C+ 22.2 (2/9) 0.0 (0/9) 11.1 (1/9) 22.2 (2/9) 0.0 (0/9) 11.1 (1/9) 

 
Total 31.8 (7/22) 18.2 (4/22) 13.6 (3/22) 31.8 (7/22) 22.7 (5/22) 27.3 (6/22) 

(V+,C-,C+) 
      

* +: Seropositive; -: Seronegative. 

 

To better understand if the observations related to SPLA seropositivity and seronegativity 

to other antigens had some predictive value, the ratios between the response to each 

antigen (rK39, rK28, LicTXNPx, rKDDR, LAM and RPM) and SPLA were calculated for V-, 

V+, C- and C+ groups (rK39/SPLA, rK28/SPLA, LicTXNPx/SPLA, rKDDR/SPLA, 

LAM/SPLA and RPM/SPLA) and ROC curves were performed (Fig. 4). A cut-off value for 

each ratio was inferred by the respective ROC curve and used to normalized the data, 

which were then logarithmized (Fig. 5). As observed by the ROC curves and by the 

graphical representation of the ratios rK39/SPLA, rK28/SPLA, LicTXNPx/SPLA, 

rKDDR/SPLA, LAM/SPLA and RPM/SPLA, the ratio that performed better was rK39/SPLA 

(AUC=0.975, Se=92.3% and Sp=95.4%). For this ratio the V- group could be 

distinguishable from V+, C- and C+ groups. The ratio LAM/SPLA showed similar 

seroreactivity and in fact when compared with rK39/SPLA the Sp was higher (100%), but 

the Se was lower (84.6%). The ratio RPM/SPLA presented the best Se (100%), but Sp 

decreased to 72.7%. The ratio rK39/SPLA represented the best compromise between Se 

(92.3%) and Sp (95.4%), and consequently, the best compromise between positive 

predictive value (92.8%) and negative predictive value (95.6%) (Table 2). 
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Fig. 4 - ROC curves (dotted line) of the ratios between rK39/SPLA, rK28/SPLA, LicTXNPx/SPLA, 
rKDDR/SPLA, LAM/SPLA and RPM/SPLA. Identity is represented by solid line. 
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Fig.5 - Seroreactivities at M25 in C-, C+, V- and V+ groups of the ratios: rK39/SPLA, rK28/SPLA and LicTXNPx/SPLA. Results are expressed as the logarithm of the ratio 

normalized by the cut-off values for each ratio inferred by ROC curves. Results represent the average of two independent experiments performed in triplicate. Statistical 

analysis was done by one-way ANOVA and Kruskal-Wallis tests. Three levels of statistical significance are represented: “significant” (* 0.01≤P<0.05), “very significant” (** 

0.001≤P<0.01) and “extremely significant” (*** 0.0001≤P<0.001). 

 

[Escreva um trecho do documento ou o 

resumo de um ponto interessante. Pode 

posicionar a caixa de texto em qualquer 

ponto do documento. Utilize o separador 

Ferramentas de Desenho para alterar a 

formatação da caixa de texto do trecho em 

destaque.] 
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Fig.5 - Seroreactivities at M25 in C-, C+, V- and V+ groups of the ratios: rKDDR/SPLA, LAM/SPLA and RPM/SPLA. Results are expressed as the logarithm of the ratio 

normalized by the cut-off values for each ratio inferred by ROC curves. Results represent the average of two independent experiments performed in triplicate. Statistical 

analysis was done by one-way ANOVA and Kruskal-Wallis tests. Three levels of statistical significance are represented: “significant” (* 0.01≤P<0.05), “very significant” (** 

0.001≤P<0.01) and “extremely significant” (*** 0.0001≤P<0.001). 

[Escreva um trecho do documento ou o 

resumo de um ponto interessante. Pode 

posicionar a caixa de texto em qualquer 

ponto do documento. Utilize o separador 

Ferramentas de Desenho para alterar a 

formatação da caixa de texto do trecho em 

destaque.] 
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Table 2 - ROC curve analysis for the six different antigen ratios: rK39/SPLA, rK28/SPLA, 

LicTXNPx/SPLA, rKDDR/SPLA, LAM/SPLA and RPM/SPLA 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
                                                              Ratios 

 

rK39/SPLA rK28/SPLA LicTXNPx/SPLA rKDDR/SPLA LAM/SPLA RPM/SPLA 

Se (%) 92.3 84.6 100 100 84.6 100 

Sp (%) 95.4 90.9 68.2 72.7 100 72.7 

PPV (%) 92.8 86.7 100 100 86.7 100 

NPV (%) 95.6 91.7 81.5 81.5 100 78.6 

Cut-off 0.144 0.200 0.793 0.316 0.149 0.255 

AUC 0.975 0.916 0.825 0.927 0.972 0.867 
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DISCUSSION AND CONCLUSION 

 

The incidence of CanL has been increasing in the last decade and it is a major veterinary 

and public health concern as dogs are the main reservoirs of Leishmania infantum. They 

contribute to the perpetuation of the parasite life cycle and consequently to the spread of 

HZVL. Prevention, namely vaccination, could be the most effective procedure to control 

CanL. As vaccinated animals can present positive serology and lead to false positive 

results, new tools must be proposed to  identify CaniLeish® vaccinated dogs in a 

population were naturally infected animals are present. In the reported study seropositivity 

to seven different antigens was evaluated in a cohort of vaccinated and non-vaccinated 

animals that were followed up at 1 and 25 months after vaccinations. One month after 

vaccination, V group was significantly more seroreactive to SPLA, which was also 

confirmed twenty-five months later, after the last dose of vaccination (Fig. 2 and 3). 

Moreover, for SPLA most of the V+ and C+ dogs presented similar levels of seropositivity 

suggesting that the response in diseased vaccinated animals is indistinguishable from 

parasitized animals. This reactivity to SPLA might translate into cross-reactivity to others 

less-specific tests like IFAT or DAT. In fact, at M25 time point all vaccinated animals 

tested positive to IFAT. This observation was also reported by Moreno et al and Oliva et al 

(Moreno et al., 2014; Oliva et al., 2014). Curiously in the V- group, 8 from 13 animals 

showed seroreactivity to LicTXNPx, which may suggest that these dogs could be 

seroreactive due to non-detectable parasite infection, without signs of clinical disease. 

This profile is supported by previous studies that reported the LicTXNPx as a potential 

serological marker for detecting asymptomatic infection in early seroconversion (Silvestre 

et al., 2008; Santarem et al., 2010). All other antigens tested did not show significant 

cross-reactivity suggesting that vaccinated non-diseased animals (V-) will not be detected 

in serological surveys using these antigens. Interestingly, vaccinated animals could be 

identified using a combination of seropositivity to SPLA and seronegativity to the other 

antigens (Table 1). Nevertheless, the capacity to discriminate non-vaccinated was 

reduced, with more than 13% of the animals presenting a seropositivity profile consistent 

with vaccination. Considering this scenario, a different approach was tested. It was 

already reported that the relationship between the seropositivity to rK39 and SPLA 

presented a pattern that could be predictive of seropositivity (Lima et al., 2017). This was 

once again confirmed in the context of vaccination (Fig. 5). In fact, by performing the 

ratios between the six antigens and SPLA (rK39/SPLA, rK28/SPLA, LicTXNPx/SPLA, 

rKDDR/SPLA, LAM/SPLA and RPM/SPLA) and respective ROC curves, we could 

distinguish the V- (vaccinated healthy animals) from the other groups studied (V+, C-, and 
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C+). The rK39/SPLA ratio (with 92.3% of Se and 95.4% of Sp) performed the best in 

distinguish V- animals, being more informative than the seropositivity to the individual 

antigens (Table 2). Therefore, in this work it is  reported the cross seropositivity of 

different antigens in the context of vaccination and it is presented a new approach that 

enables the identification of seropositive vaccinated healthy animals from vaccinated 

parasitized animals, non-vaccinated parasitized animals, and non-vaccinated healthy 

animals, using the relation between the seroreactivities of two different antigens (SPLA 

and rK39). This strategy will be valuable in field surveys enabling a complementation of 

the basic serological information acting as a potential DIVA (differentiation of infected from 

vaccinated animals) strategy to distinguish not only vaccinated from infected animals but 

also from healthy animals.   
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Despite the large knowledge obtained in the last one-hundred years, CanL is still a 

challenging multifactorial zoonosis. As dogs represent the main Leishmania reservoir, 

CanL has an impact not only in these animals but also represents a threat to humans as 

they sustain the infectiousness to sand flies (Miro et al., 2008; Solano-Gallego et al., 

2017). The assessment of infection in dogs is therefore fundamental to evaluate the 

success of control measures (Otranto & Dantas-Torres, 2013). In fact, early detection of 

infection is pointed as imperative by WHO (Gomez-Ochoa et al., 2003; Gao et al., 2015). 

Immunological assays like DAT, IFAT, and ELISA, have the capacity to detect anti-

Leishmania antibodies and their potential for demonstrating Leishmania infection is widely 

known (Noya et al., 2003). Infection in dogs presenting clinical manifestations is 

accompanied with high antibodies titres, and so, diagnosis of infection using serological 

methods is generally achieved with good sensitivity and specificity. However, Leishmania 

infection does not always expresses as active disease: asymptomatic infections are 

characterized by low, intermittent or residual antibody titres that are difficult to detect by 

conventional serological approaches, increasing the risk of false negative results (Alvar, 

2002; Coelho et al., 2016). Therefore, detection of asymptomatic carriers represents a 

real challenge in the field. Identifying asymptomatic canine infection is imperative for 

controlling infection spreading as these dogs are able to transmit the parasite to the vector 

(Cardoso et al., 2004; Coelho et al., 2009). The need to detect infection in the context of 

asymptomatic presentation constitutes a challenge that was evaluated in all the work 

developed. 

One of the objectives of the work herein discussed was the evaluation of anti-

Leishmania seroreactivity associated to different antigens in the context of asymptomatic 

infection. A dog population originated from a CanL-endemic region in the north of Portugal 

was studied to address the prevalence of seropositivity and to understand how different 

antigens would perform in this geographic context (Lima et al., unpublished). In this study 

cohort (591 dogs), 18.1% of the dogs presented at least one clinical sign compatible with 

CanL, meaning that the majority of the animals (81.9%) did not express any signs of 

clinical disease. Evidence of Leishmania infection was evaluated by PCR, DAT and 

ELISA. PCR was used for confirmation of the presence of parasite. PCR is reported as a 

sensitive molecular tool in detecting infection in dogs with clinical expression of disease as 

they present high levels of parasitism (Gomes et al., 2007). DAT was used as a reference 

serological test and ELISA as an additional tool to evaluate seroreactivity by using 

different antigens (LicTXNPx, rK39, rK28, and rKDDR, LAM, RPM and LRM) previously 

reported as good serological markers of infection (Scalone et al., 2002; Silvestre et al., 



4-General Discussion and Conclusions 

182  

2008; Santarem et al., 2010; Venturin et al., 2015).  The results observed lead to some 

discrepancies between the techniques: PCR identified 6.1% of the dogs as positives, DAT 

identified 10.5% and ELISA identified 15.1% to 22.7% as seropositives, depending on the 

antigen in analysis. This observation reflect the limitations associated to the tests and their 

capacity in identify infection in animals living in endemic areas. Nevertheless, the global 

seropositivity found by ELISA was similar with other studies reported in Portugal (Cardoso 

et al., 2004; Sofia Cortes, 2007; Sousa et al., 2011).  

One of the main observations from the analysis of the results was that the antigens 

used in the ELISA presented high sensitivity and specificity to detect disease as 

determined by ROC curves and the excellent AUC (Lima et al., unpublished). The cut-offs 

determined presented also high capacity in detecting disease: all animals that were 

disease and positive for DAT and/or PCR, were seropositive to all antigens tested by 

ELISA. This was expected, as recombinant antigens are reported in literature as good 

serological markers for diseased dogs, as they exhibit high levels of anti-Leishmania 

antibodies (Rosario et al., 2005). Therefore, these primary observations confirmed that all 

the tested antigens are suitable for detecting active disease without major differences in 

performance of the recombinant antigens.  

As expected, the majority of the animals presented no clinical signs (81.9%). In 

these animals the antibody response to the antigens was less clear. Possible evidences of 

infection were found either by DAT (8.8%), PCR (5.6%) and ELISA (5.4% to 82.6%, 

depending on the antigen). In some animals, when seropositivity to DAT and positivity to 

PCR were found simultaneously, seropositivity by ELISA was high (100% for all antigens 

except LicTXNPx), supporting the information in literature about the relation between 

seropositivity and positivity to PCR (Reis et al., 2006; Lima et al., unpublished). The fact 

that evidences of parasitism were found in these animals may be suggestive that these 

dogs could be closer to clinical disease, when compared to seropositive animals without 

evidences of infection (Rosario et al., 2005). On the other hand, the level of seropositivity 

associated to the antigens tested was different in dogs that were only positives to DAT or 

PCR. DAT-seropositive animals were detected for all antigens but the percentages were 

lower when compared with dogs that were both DAT and PCR positive simultaneously. 

More importantly, the antigens originated distinct patterns of seropositivity, with several 

dogs being positive to only some antigens, for example like the case of LicTXNPx. The 

profile observed in this group of dogs, without expression of clinical disease, either by 

PCR, DAT or ELISA reflects not only the heterogeneous characteristics of the infection 

but also the variability of tests performance in evaluating infection (Quinnell et al., 2001). 

Even regarding the same test (ELISA) the different antigens demonstrated distinct 
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performances in detecting seropositivity, which ranged between 5.4% and 82.6%. The 

different antigen-response profile observed in the different subgroups can be interpreted 

not only as the reflection of different stages or moments of infection but also might 

represent other factors like other pathologies or co-infections.  

The detection of the parasite could add valuable information to understand this 

scenario, but prevalence of infection found by PCR possibly underestimated the real 

situation, which can happen due to the type of biological sample used to DNA extraction 

and technical issues related to the PCR protocol (Solano-Gallego et al., 2001Cortes et al., 

2004; Otranto et al., 2009). Whole blood samples are more practical (and less invasive) to 

obtain in epidemiological studies, but the sensitivity is often reported higher if the sample 

is collected from LN or BM (Moreira et al., 2007). 

 The variability observed between the different tests and even between different 

antigens in the same test (observed in ELISA), reflects the real difficulties in the 

management of the parasitological and serological heterogeneity in the course of 

Leishmania infection in dogs. Detection of clinically healthy infected animals is a difficult 

task in a context of endemicity. The time gap between infection and seroconversion, the 

presence of animals that stay resistant and never seroconvert, and the existence of 

intermittent antibodies levels or eventually significant parasite burdens are issues that can 

affect the evaluation of infection. Definitely, the available methodologies used to identify 

Leishmania infection are far from being ideal. This scenario is less complicated when 

signs of disease are present, as in CanL, detection of disease is a different concept of 

detection of infection. Only longitudinal studies, following animals from large cohorts 

overtime, can help clarify the evolution of each individual animal and the potential 

progression of the disease. Still, the restriction to a specific geographical environment 

may influence the basal response to the antigens as was suggested by our data in the 

European cohort (Lima et al., 2017).  

The problem of lack of relation between antigens was also observed in the study of 

a dog cohort belonging to non-endemic regions of Europe (Lima et al., 2017). This study 

was composed mostly of animals from non-endemic regions, where infection by 

Leishmania is expected to be low or absent. Therefore, significant seropositivity would not 

be a significant outcome of the study. The main observations of the study were the high 

seropositivity to SPLA (43.8%) and the lack of correlation between SPLA and rK39. These 

antigens presented very high specificity and sensitivity in the control cohorts (diseased 

and healthy animals), but unexpectedly they presented quite different values of 

seropositivity in the study cohort.  Even when the cut-offs were adjusted for higher 
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stringency there was still no correlation between SPLA and rK39 antigens. Noteworthy, 

total Leishmania antigens like SPLA can be associated to cross-reactivity (with conserved 

proteins and/or epitopes) and consequent to false positive results, but the use of 

recombinant antigens in ELISA have been demonstrated to overcome this problematic, 

improving sensitivity and specificity in serodiagnosis of infection, especially in diseased 

dogs (Grimaldi et al., 2012; de Oliveira et al., 2015; de Paiva-Cavalcanti et al., 2015). The 

evaluation of seropositivity by absolute values of optical density can be a difficulty when 

the cut-offs  applied are obtained with samples originated from other geographical areas 

(Elshafie et al., 2016). In fact, this was also observed in the cohort of vaccinated dogs 

originated from Spain (Lima et al., unpublished).  Indeed, the cut-offs determined by using 

Portuguese cohorts were less able to discriminate infection and active disease when 

compared to Portuguese dogs. Therefore, the basal geographic seroreactivity represents 

a problem in Leishmania serodiagnosis as was reported for SPLA in the European cohort 

(Lima et al., unpublished). SPLA, unlike rK39, presented significantly different serological 

responses in the dogs from different countries. Considering that changing the stringency 

of the cut-offs did not solve this lack of relationship between the antigens, alternative ways 

were searched to solve this problem. Therefore, we evaluated if the relation between the 

antigens could be an alternative to overcome the problem associated with absolute 

serology values. We also complemented this rational with the use of an unrelated antigen, 

in this case a ubiquitous antigen, SECA, and addressed its relation with SPLA and rK39. 

In the control-groups cohorts (of diseased and healthy animals) these relations were 

highly predictive of disease allowing a strategy that decreased the unspecificity and 

enabled the determination of a serological pattern indicative of Leishmania infection. By 

analysis of ROC curves, SECA demonstrated 81.5% of sensitivity in detecting CanL (Lima 

et al, unpublished). This was in fact also an example of the potential of cross-reactivity in 

using parasites as antigen (like DAT and IFAT) and total antigens (like SPLA). In the 

same extension that SECA was significantly recognized in the context of CanL it is 

expected that SPLA and other Leishmania antigens could be significantly recognized in 

the context of other infections. More importantly, seropositivity to SPLA and SECA 

presented distinct and characteristics patterns of sero-recognition in the different countries 

present in the study suggesting that the unspecificity of SPLA is characteristic of a 

geographic and microbial environment (Lima et al, unpublished). Despite of good 

sensitivity and specificity reported by recombinant antigen rK39, significant seropositivity 

was detected for infection only in conjunction with other antigens (SPLA and SECA). 

Interestingly the rK39/SPLA relation was also predictive of infection in the infected animals 

from the vaccinated cohort study (Lima et al., unpublished). 
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The concept of seropositivity in the context of CanL is now more complicated with 

the generalization of access to CanL vaccines. Canine population management is critical 

and control measures such as vaccination are the most important tool to fight CanL 

(Baneth et al., 2008). The humoral response generated to a set of parasite antigens 

following vaccination, is also a challenge when serological testing is applied for diagnosis 

adding an extra layer of complexity in results interpretation. Currently this problematic is 

known by DIVA (differentiating between infected and vaccinated animals) (Solano-Gallego 

et al., 2017). We addressed this evaluating the serological response to distinct antigens 

(LicTXNPx, rK39, rK28, and rKDDR, LAM and RPM) in a cohort of dogs that was followed 

for two years in the context of CaniLeish® vaccination (Lima et al., unpublished).  With the 

exception of SPLA, all the antigens tested were not significantly recognized by the 

vaccinated animals. Moreover, based on the reactivity to all antigens tested it was not 

possible to distinguish vaccinated non-infected animals. However but using the antigen 

relation approach, SPLA/rK39, it was possible to differentiate these animals from the 

vaccinated infected animals, healthy non-vaccinated animals and infected non-vaccinated 

animals. These results represented an interesting and valuable alternative due to the 

possibility of detecting vaccinated non-infected animals in epidemiological studies.  

In conclusion, CanL  management is increasingly challenging, either in endemic 

and non-endemic geographical areas. The global mobility of dogs and owners from CanL 

endemic to non-endemic regions is an increasing reality nowadays (Mencke, 2011). The 

translocation of dogs together with climate changes and the adaptation of the vector to 

new latitudes make CanL a dynamic zoonosis with expanding frontiers. Asymptomatic 

infection represents a high proportion of Leishmania infection in endemic areas, and 

represents also a challenge as the tools to detect infection are far from being ideal. 

Serological and molecular tests express different sensitivities and specificities according 

to the stage or level of the infection. Furthermore, the presence of different Leishmania 

strains among regions, genetic background of the host and the immunological response to 

the parasite and other pathogens can affect the sensitivity and specificity of the tests as 

well. The associated limitations of the several tests represent also a difficulty. 

Combination of techniques can often be used to improve this lack of accuracy. 

Serodiagnosis is a practical, widely used approach but there is still no gold standard test 

or antigen that allows the accurate identification of asymptomatic infection. In this work, a 

valuable alternative was explored opening interesting possibilities. The ratio between the 

seroreactivities to different antigens opens the possibility to create profiles of infection and 

profiles of vaccination in different contexts.  
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As future perspectives, longitudinal studies are needed to follow-up the animals 

and try better to understand the potential of new antigens and also to determine the real 

potential of the proposed novel approach in other cohorts, namely in the context of 

asymptomatic infection. The lack of longitudinal studies is a limitation in CanL research 

area, and should be considered a priority to a better understanding of Leishmania 

infection course and its impact in the laboratory-diagnosis tools that are available. The 

data based on the ratio between antigens originated valuable information, suggesting that 

it can be applied in different contexts, even for other infectious diseases, by introducing 

the concept of seropositivity profiles. This approach can be also applied in the rationale of 

novel antigens to be explored and tested, namely quimeric and synthetic proteins as they 

have more potential as serological markers due to their multi-epitope characteristics. This 

could be the best strategy to identify infection in different contexts and/or geographic 

regions, namely the asymptomatic infection, as ultimate goal to reduce the impact of CanL 

on both animals and humans. 
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