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Chapter 1 

General Overview 

 

1.1 Leishmaniasis in the Mediterranean area 

Human leishmaniasis is a complex of diseases that constitute a major health burden, 

caused by protozoan of the genus Leishmania. The disease is endemic in nearly 100 

countries localized in tropical, sub-tropical and temperate Regions (Gradoni, 2018) and 

it is estimated that 350 million people are at risk of infection (Bern et al., 2008) with 

700,000 to 1 million new cases and 26,000 to 65,000 death per year (World Health 

Organization, https://www.who.int/leishmaniasis/en/). 

Three main clinical forms of leishmaniasis are described (WHO, 

https://www.who.int/leishmaniasis/en/): (i) visceral (VL) (also known as kala-azar) 

with fatal outcome in 95% of cases if untreated, is considered the most severe form 

which causes irregular bouts of fever, weight loss, anemia and hepato-splenomegaly; 

(ii) cutaneous (CL), the most frequently observed, it is characterized by skin lesion, 

mainly ulcers resulting in life-long scars, disability or social stigma; (iii) 

mucocutaneous (MCL), mainly diagnosed in Southern America, leads to partial or 

total destruction of the nasal or oropharynx mucosa. 

Leishmaniasis still ranks on top of neglected tropical diseases (NTDs), in particular 

it is the third tropical neglected disease for social burden caused by protozoans after 

malaria and infantile cryptosporidiosis (Fenwick, 2012). The reason beyond this is 

uncertain, some authors hypotize that leishmaniasis is a poverty-related disease - trait 

d’union of NTDs (Pace, 2014), others because of its epidemiological and medical 

complexity (Gradoni, 2018). 

The link between leishmaniasis and poverty is strong as well as complex for its 

burden is surely on the poorest segments of global population (Alvar et al., 2006). 

Poverty not only increases the risk of infection because of poor housing conditions and 

subsequent lack of personal protective measures, as well as the poor health care and 

https://www.who.int/leishmaniasis/en/
https://www.who.int/leishmaniasis/en/
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diagnostic technique (Santos et al., 2005), but it also constitutes a potentiator of 

morbidity and mortality most pervasively through poor nutrition (Alvar et al., 2006). 

Nevertheless, leishmaniasis is a multifaced disease for several factors. As early 

mentioned, the disease has a wide range of clinical manifestations, but also 

asymptomatic infection can occur along with acute or chronic forms that can be less 

common or even unrecognized (Gradoni, 2018). Furthermore, leishmaniasis is a 

vector-borne disease, and the transmission occurs almost exclusively through the bite 

of the phlebotomine vector (CDC, https://www.cdc.gov/parasites/leishmaniasis), 

therefore, even the interaction between vertebrate host, invertebrate host and 

environment is a crucial factor, and regional differences in the epidemiology of the 

disease should be considered (Fuehrer and Savić, 2017; Inceboz, 2019). 

Leishmaniasis is endemic in the Mediterranean regions and Leishmania infantum is 

the main causative agent (Fig. 1) (ECDC, 2022), even though Leishmania major and 

Leishmania tropica are reported, as agents of the cutaneous form in Northern Africa 

(Amro et al., 2017) and, only the latter, in the island of Crete (Greece) (Christodoulou 

et al., 2012). 

 

Figure 1. Map representative of Leishmania infantum reports in human and animal patients (ECDC, 2022). 

https://www.cdc.gov/parasites/leishmaniasis
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L. infantum has a dixenic life cycle that includes a vertebrate host and an insect 

vector. To date sand flies are the only vectors recognized of the pathogenic Leishmania 

species (Van der Auwera et al., 2015). With reference to the Old World, L. infantum is 

spread mostly by female hematophagous sand flies of the genus Phlebotomus during 

the blood meal, while in the New World the role of vector is attributed to Lutzomyia 

spp. (Pace, 2014). 

The main reservoir of L. infantum is the dog, in which the protozoa cause  canine 

leishmaniasis (CanL). Conversely than human leishmaniasis that are differentiated in 

mainly three clinical presentations, in dogs CanL is a chronic, life-long infection that 

is not distinguished in different clinical forms but causes a reticuloendotheliosis with 

a wide range of symptoms (Alvar et al., 2004; Roura et al., 2021). 

Risk factors for human leishmaniasis differ according to the countries. In eastern 

Europe is usually mostly reported in children and is associated with poor living 

conditions, while in western Europe is diagnosed as coinfection in HIV-patients 

(WHO, https://apps.who.int/gho/data/node.main.NTDLEISH?lang=en). At last, in 

southern Europe peri-urban residential areas have been associated to major risks of 

infection (WHO, https://apps.who.int/gho/data/node.main.NTDLEISH?lang=en). The 

notification of human leishmaniasis is compulsory in all the endemic countries except 

for France, Egypt, and Serbia, while the animal leishmaniasis is not notifiable in 

France, Turkey, Romania, Serbia, and Palestine (ECDC, 2022). 

In Italy, leishmaniasis has been described since 1905 (Pampiglione, 1975), mostly in 

the Tyrrhenian coastal area, the low Adriatic coast and in the Islands. The disease is 

subjected to mandatory notification both for human and canine cases by Ministerial 

Decree 15/12/1990 and Italian presidential Decree n. 320, 08/02/1954, respectively. 

Phlebotomine sand flies and dogs are still recognized as vector and major reservoir, 

respectively. 

However, the progressive increase in geographical distribution into previously 

non-endemic territories and the consistent growth of human cases made questionable 

the role of dog as the only reservoir (Gradoni et al., 2022). Focus has shifted in the 

https://apps.who.int/gho/data/node.main.NTDLEISH?lang=en
https://apps.who.int/gho/data/node.main.NTDLEISH?lang=en
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search of a potential sylvatic animal reservoir in the presence of conditions such as its 

close relationship with humans and relative abundance, further supported by the 

results of surveys carried out in Spain, Portugal and Greece which indicated the role 

of wild hare, mice, and rodents respectively, as reservoir of L. infantum (Molina et al., 

2012; Helhazar et al., 2013; Tsakmakidis et al., 2017). 

Dogs are still recognized as the major domestic reservoir, especially in Southern and 

Insular regions of Italy. In this epidemiological scenario, the Emilia-Romagna region 

(ER), located in north-eastern Italy, always had a distinct epidemiological situation. 

Indeed, CL was reported since 1934 (Monacelli) when it was first described, and in 

1951 ER ranked on top three regions for CL cases (Pullè, 1951). 

On the contrary, autochthonous cases of Visceral leishmaniasis were described 

starting from 1951 (Suzzi Valli and Dominci, 1953). Until the ’70, only three other 

autochthonous cases were here reported (Fusaroli, 1952; Giungi, 1954; Artusi and 

Grossi, 1962), possibly owing to the massive use of insecticides in agriculture and 

holyday localities (Pampiglione, 1975). In late 1971 an outbreak of VL involved several 

municipalities from the province of Bologna: 60 cases were confirmed as 

autochthonous, and the lethality observed was  21.7% (Pampiglione, 1975). Besides the 

astonishing lethality, partially related to late diagnosis and onset of specific therapy, 

distinctive traits were characterized, such as specific geographical localization and 

clinical presentation of the cases. To note that Sanitary Authority performed an 

investigation on the canine population of the studied area which revealed a 

seroprevalence of 1.6% (Pampiglione et al., 1974). Over the years, the progressive 

increase in geographical distribution into previously non endemic territories and the 

consistent growth of human cases (Varani et al., 2013) questioned the role of dog as the 

only reservoir in ER, as previously suggested by Pampiglione (1975). 
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1.2  First description and taxonomy of Leishmania infantum 

The first isolation of Leishmania spp. is dated in November 1900, when the Scottish 

pathologist William B. Leishman observed “ovoid bodies” in smears taken post-

mortem from the spleen of a 23-year-old soldier died in Dum Dum (Calcutta, India). 

The soldier had passed away after 7 months of a very severe form of what was called 

Dum Dum fever, showing symptoms as emaciation and splenomegaly (Leishman, 

1903). After experimental infection on a rat, he supposed that the bodies observed were 

degenerated forms of trypanosomes. Few weeks later, the Irish doctor Charles 

Donovan reported similar bodies from spleen samples from native Indian patients 

with similar clinical manifestation (Donovan, 1903). Not persuaded by the theory of 

Leishman, Donovan sent a splenic slice to Mesnil and Laveran who firstly described 

them as a new species of the genus Piroplasma (Laveran and Mensil, 1904). Shortly 

after, the physician Ronald Ross classified the “ovoid bodies” as a new genus and 

species and proposed the name Leishmania donovani (Ross, 1904). A related syndrome 

was also reported in Tunisia in children suffering from splenic anemia by the French 

bacteriologist Charles J.H. Nicolle, who erected the new species L. infantum (Nicolle, 

1908). 

Leishmania infantum belongs to the phylum Euglenozoa, class Kinetoplastida, order 

Trypanosomatida, family Trypanosomatidae (Deplazes et al., 2016). The 

Trypanosomatidae family is comprehensive of eight monoxenous genera Leptomonas, 

Crithidia, Blastocrithidia, Herpetomonas, Sergeia, Wallaceomnas, Blachomonas and 

Jaeniomonas; three dixenous genera, whose life cycle occur in two hosts (one 

invertebrate and a vertebrate or a plant): Trypanosoma, Phytomonas and Leishmania; and 

the free-living Strigomonadinae subfamily characterized by the presence of 

endosymbiontic bacteria with Angomonas, Strigomonas and Kentomonas (Akhoundi et 

al., 2016). The genus Leishmania is further divided in three subgenera: Leishmania 

comprehensive of mammalian pathogenic species, Sauroleishmania, including only the 

species L. tarentolae, and the subgenus Viannia only reported in Central and South 

America as agent of CL and MCL (Llanes et al., 2018; Maurício, 2018). 
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The taxonomy of Leishmania genus has always been subject of debates among 

parasitologist; in earlier times major critical factors were the lack of differences in 

morphology between species and the arduous cultivation. With the introduction of 

biochemical and molecular techniques WHO (1990) proposed a new taxonomic 

scheme still in use, excluding some subsequent redefinitions of species or species 

complex (Fig. 2) (Maurício et al., 2000; McMahon-Pratt and Alexander, 2004; Akhoundi 

et al., 2017). 

Figure 2. Taxonomic scheme of Leishmania genus not comprehensive of synonymous species. 

Please note this figure is a visual representation of the current taxonomy of Leishmania genus, and not a 

phylogenetic tree. 
 

L. infantum belongs to the L. donovani complex which also includes the species L. 

donovani, L. archibaldi, and formerly L. chagasi (later recognized as a synonym of L. 

infantum) (Fernández-Arévalo et al., 2020), and is the only parasitic species circulating 

in Italy (Rugna et al., 2018) 

Among L. infantum different strains have been described by the MultiLocus Enzyme 

Electrophoresis (MLEE), which to date is still considered the gold standard for 

Leishmania strain identification according to WHO 2010, whereas for diagnosis, 
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evidence of parasites is considered the gold standard (OIE, 2021). This technique 

differentiates Leishmania spp. into strains called zymodemes based on electrophoretic 

mobility of 15 enzymes (Pratlong et al., 2016). The reference laboratory that performs 

this analysis is the Centre de Ressources Biologiques des Leishmania (CRB-Leish) in 

Montpellier (France). Each strain is then defined by a CRB-Leish called “LEM” and 

WHO strain code which gives information on strain identification as well as host 

species, country, and year of isolation (Tab. 1) (WHO, 2010). 

 

 VL CL Co-HIV 

Zymodemes 
MON-1* 

MON-72 

MON-24* 

MON-78, MON-29, 

MON-11, MON-189 

MON-136, MON-188, MON-190, 

MON-201, MON.228, MON 183 var. 

MDH100, MON-189 var. NH140 

Table 1. L. infantum zymodemes isolated in the Mediterranean basin. * = the most frequently isolated (Maroli et al., 

2007; Gramiccia et al., 2013; Castelli et al., 2020). 
 

However, the classification based on zymodemes has some limitation (Schönian et 

al., 2011): (i) the enzymatic panel used in the Old and New World are different, 

therefore strains cannot be compared directly; (ii) different genotypes can show the 

same enzymatic profile; (iii) different enzymatic profiles can be result of 

heterozygosity at single nucleotide positions; moreover, MLEE is culture dependent, 

implying that it cannot be applied to any kind of samples and can be performed only 

in few laboratories (Akhoundi et al., 2017). Nowadays, strains are often characterized 

at local level with different molecular techniques that will be later characterized in 

chapter 3. 
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1.3 Life cycle of Leishmania infantum 

Leishmania infantum has an indirect life cycle and is transmitted to the mammalian 

host through the bite of phlebotomine sand flies. According to the host, the protozoa 

can be found in two different forms: intracellular amastigote in mammalians and 

promastigote in sand flies (Deplazes et al., 2016), thus is defined dimorphic (Fig. 3). 

Amastigotes are ellipsoidal and have no visible flagellum, therefore are not-motile 

forms. Their body has a length of 2-5 μm and width of 2-3 μm; they are among the 

smallest nucleated cells known. A rudimental flagellum can be observed in certain 

preparations. In electron micrographs also a flagellar pocket and the kinetoplast can 

be observed (0.7 μm x 0.3 μm) (Marquardt et al., 2000). Kinetoplasts are peculiar kind 

of mitochondria composed of interlocked circular DNA that encompasses the 

Trypanosomatidae family (Cavalcanti and de Souza, 2018). 

Promastigotes are elongated (10 μm) and with a flagellum (therefore motile) and 

can be found in sand flies. The kinetoplast is usually frontal to the nucleus, and in its 

proximity the flagellum emerges from the body. Different promastigote forms can be 

observed in sand flies according to the stage of invasion (see paragraph 1.3.1); the 

infective forms for mammalians are metacyclic promastigotes, which present a thin 

body with long flagellum and are characterized by intense motility (Gradoni and 

Gramiccia, 2004). 

Figure 3. Different forms of Leishmania: amastigote on the left, promastigote on the right 

 (adapted from Marquardt et al., 2000). 
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1.3.1 The Phlebotomine vector 

Phlebotomine sand flies are holometabolic insects considered of great medical and 

veterinary importance as they are proven vectors in the transmission of Oroya fever 

as well as Sand flies Fever Virus (Ratcliffe et al., 2022; Socha et al., 2022), as well as of 

Leishmania spp. Sand flies are small, usually with a body length of 3 mm; color may 

vary from white to black according to the species (Fig 4). They can be distinguished 

for three main characteristics (Killick-Kendrick, 1999): (i) when resting, wings are held 

at angle above the abdomen; (ii) they are hairy; (iii) before engorging, females hop 

around the host before biting. 

 

Their life cycle is fully terrestrial, comprehensive of four different larval 

developmental stages and a pupal period after which an adult emerges (Dvorak et al., 

2018). Breeding sites can be domestic, peridomestic and sylvatic but most frequently 

eggs are laid in animal’s shelters, stone walls, and organic debris (Feliciangeli, 2004). 

Sand flies are active only during sunset and night while they hide in dark places in the 

daytime. Adults usually feed on plant sap, nectar, or honeydew; however, females 

require one or more blood meal to reproduce (Killick-Kendrick, 1999). 

With reference to Italy two different species are recognized as vector of L. infantum: 

Phlebotomus perniciosus and Phlebotomus perfiliewi, the first widely distributed in 

Figure 4. Female sand fly (Killick-Kendrick, 1999). 
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Tyrrhenian and Southern regions, the latter in Central Italy (Michelutti et al., 2021). In 

two distinct areas of the Country a third species has been described: Phlebotomus 

neglectus, who is confined to the regions of Friuli-Venezia Giulia, Veneto and Piedmont 

in northern Italy and Calabria, Apulia, and Sicily in southern Italy (Maroli et al., 2002). 

 

1.3.2 Transmission cycle of Leishmania infantum: Through the vector 

In the sand fly, L. infantum develops in the digestive tract and more precisely in the 

midgut (Fig. 5). The female sand fly acquires the protozoa from the mammalian host 

during blood meal. In the midgut, after exposure to the peritrophic matrix of the 

digestive tract, the amastigotes transform in procyclic promastigotes which 

proliferate. After the destruction of the peritrophic matrix (a membrane that surrounds 

food protecting the midgut), L. infantum assumes a long form called nectomonads, 

followed by the shorter leptomonads. These forms are attached to the midgut 

epithelium and here proliferate. In the last stage of the sand fly infection, the 

leptomonads migrate in the thoracic midgut where they produce the promastigote 

secretory gel and transform into the (infective) metacyclic form, then attach to the 

stomodeal valve ready to be transmitted to a mammalian host (Omondu et al., 2022). 

Figure 5. Development of L. infantum in female sand fly (adapted from Dvorak et al., 2018). 

A: amastigotes; PP: prometacyclic promastigotes; N: nectomonads; L: leptomondas; MP: metacyclic promastigotes. 
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As final note on the interaction between the protozoa and its phlebotomine vector, 

several studies have shown that different Leishmania species, including L. infantum, in 

the vector may actuate genetic exchanges also referred as sexual cycle (Volf et al., 2007; 

Rogers et al., 2014; Romano et al., 2014). This hybridization may result in increased 

fitness of the parasite, different clinical presentation in the mammalian host, ability to 

colonize new sand fly vector or emergence of new foci (Rougeron et al., 2010). 

 

1.3.3 Of dogs and men: what happens in the mammalian hosts? 

Dog is considered the main host of L. infantum, while human patients are usually 

accidental hosts. After inoculation by a sand fly, L. infantum acts as an obligate 

intracellular parasite, therefore needs to rapidly locate in the host cells. Phagocytosis 

is stimulated from the promastigotes themselves by activation of complement system. 

This mechanism is regulated by surface proteins of the protozoa like glyco-protein 63 

(gp63), lipophosphoglycan (LPG) and fibronectin (FN) (Brittingham et al., 1995; 

Vannier-Santos et al., 2002; Späth et al., 2003). In mammalians, L. infantum resides 

mainly in macrophages where parasites differentiate from promastigotes to 

amastigotes and then survive in the hostile environment of phago-lysosome-like 

organelles (Rossi and Fasel, 2017). Here the LPG inactivates the hydrolases, and the 

protozoa releases antioxidant agents which inhibits the development of intermediate 

oxygen metabolites (Rossi and Fasel, 2017). In the phago-lysosome the amastigotes 

undergo massive reproduction until disruption of the macrophage and then invade 

other macrophages. In this stage Leishmania invades the hemolympathic system and 

can be detected in several organs like spleen, liver, bone marrow, skin, and lymph 

nodes (Piergili Fioretti and Moretti, 2020). The cycle is completed when amastigotes 

are ingested by a competent insect vector (Fig 6). 
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. 

In dogs, the pathogenesis of leishmaniasis (CanL) varies according to the immune 

response. When cellular response is activated the recruitment of lymphocytes T-helper 

1 (Th-1) mediates the production of interleukins (IL-12 and IL-2), 𝛾-interferon (𝛾-IF) 

and tumor-necrosis factor (TNFα) which enable macrophage to eliminate the parasite. 

In case the humoral immune response is activated Th-2 are recruited, there is the 

production of IL-4 and IL-5 which induce the production of immunoglobulins. Only 

the Th-1 is protective against leishmaniasis (Figure 7). The reasons beyond the 

development of a protective or not-protective immune response are not fully 

understood, but genetic host factors have been hypotized, in fact Ibizan hounds are 

reported as more resistant than other canine breeds, while boxers, cocker spaniels, 

rottweilers and German shepherd dogs are considered as more susceptible (Burnham 

et al., 2020). 

When the humoral response is activated, amastigotes replicate in the macrophagic 

phagolysosomes thanks to their ability to neutralize host cells pH and detoxify oxygen 

Figure 6. Life cycle of Leishmania infantum (adapted from Serafim et al. 2020). 
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metabolites (Rossi and Fasel, 2017). With macrophages rupture, parasites disseminate 

from the inoculation site throughout the body of their host via the hemolymphatic 

system and infect other monocytes and macrophages in the reticulo-endothelial 

system. T-lymphocytes undergo depletion in the lymphoid tissues where mainly B-

cell, histiocytes and macrophages proliferate; this contributes to cause enlargement of 

lymph nodes and spleen, and hypergammaglobulinemia. Moreover, the higher 

concentration of antibodies and the large amount of Leishmania-antigens can give rise 

to circulating immune complexes (CICs). CICs determine vasculitis and activate the 

complement cascade ending with dermal, visceral, ocular, and renal lesions, because 

of the reduced activity of scavenger macrophages induced by CICs themselves 

(Gizzarelli et al., 2020). 

 

CanL is usually a chronic multisystemic disease with different clinical 

manifestations that usually appear after an incubation period ranging from three 

months to seven years after infection (Silvestrini, 2021). In dogs, clinical manifestations 

are mainly due to inflammatory infiltrates. CanL is not distinguished in three different 

forms, as in human leishmaniasis, but presentation is miscellaneous. At clinical 

examination dogs present poor body condition, muscular atrophy, 

Figure 7. Possible canine immune response after infection with Leishmania infantum. 



 14 

lymphadenomegaly and abnormal scaling skin (Bañuls et al., 2007). Frequent clinical 

presentation may also include pallor of mucosae, splenomegaly, cachexia, fever, 

epistaxis and onychogryphosis (Baneth et al., 2008). Skin diseases are reported in 81-

89% of symptomatic dogs and includes exfoliative, ulcerative, nodular, and pustular 

dermatitis with frequent localization at periorbital level (Baneth et al., 2008). 

Ocular diseases occur in 16-80% of dogs affected and are mostly caused by 

inflammatory infiltrates. Anterior uveitis was described as the most frequently 

observed sign, as well as blepharitis, keratoconjunctivitis (or combinations) (di Pietro 

et al., 2016). Inflammatory infiltrates are also responsible for kidneys, joints, and bones 

lesions in CanL (Soares et al., 2005; Silva et al., 2021). Interstitial nephritis is also often 

reported, and it can progress asymptomatically to nephrotic syndrome or to chronic 

renal failure (Ribeiro et al., 2018). Diagnosis of CanL is not synonym of renal diseases 

however, practitioners suggest routine monitoring of renal functions (Roura et al., 

2021). 

Currently, survival and progression of CanL are influenced by early diagnosis and 

adequate therapy (Roura et al., 2021). 

In human patients the pathogenesis of leishmaniasis is still uncertain. After 

infection the patient may develop the disease according to the activation of cellular or 

humoral response (Machado et al., 2019). What precisely determines the development 

of clinical forms remains unclear; as for canine patients, the strain of L. infantum or the 

genetics of the host might be involved (Kumar and Nylén, 2012). As already 

mentioned, contrarywise than CanL, human leishmaniasis is differentiated in three 

clinical forms: visceral leishmaniasis (VL), cutaneous leishmaniasis (CL) and 

mucocutaneous leishmaniasis (MCL). CL is considered the least severe form of the 

disease; it appears with a single ulcerative or nodular lesion usually found in 

uncovered areas of the body like face, forearms, or lower legs (McGwire and Satoskar, 

2014). MCL is a manifestation frequently observed as secondary form of CL which can 

present even years after resolution of the first lesion (David and Craft, 2009). The third 

form of leishmaniasis is VL, clinically considered the most severe form. The disease is 
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the result of the proliferation of L. infantum in the cells of the reticuloendothelial 

system, progressively the parasite invades liver, spleen, and bone marrow. Unless 

treated, patients develop pancytopenia and immunosuppression (Chakravarty et al., 

2019). In case of coinfection with HIV, clinical presentation may vary from the typical 

ones (Lindoso et al., 2018). 

 

1.4 Treatment and prophylaxis of canine leishmaniasis 

With few exceptions, dogs are currently considered the main reservoir of 

leishmaniasis in the Mediterranean basin (Molina et al., 2012). Therefore, preventive 

measures against the bite of sand flies are crucial to protect dogs from infection and to 

avoid further spread of L. infantum especially in endemic areas. On infected dog, also 

treatment may have the same effect, since it reduces parasitemia and consequently the 

possibility to transmission to sand flies (Maroli et al., 2009; Simonato et al., 2020). 

Treatment of patients with CanL is a clinical challenge, and if authors have recently 

reported that life spawn and life quality of patients is comparable to other dogs (Roure 

et al. 2021), it is also true that early diagnosis and onset of a treatment are crucial factor 

for the survival of the patients (Silvestrini, 2021). Complete parasites clearance doesn’t 

occur; therefore, owners must understand that therapy has only the purpose of 

remission of symptoms, clinicopathological normalization and antibody levels 

negative or below test’s cut-off, and that relapses are frequent (Silvestrini, 2021). To 

date there is not a unique standard protocol for CanL treatment; drugs of first choice 

are meglumine antimoniate, miltefosine that can be combined with allopurinol. Even 

the use of domperidone, an immune stimulator, has been described since it can 

prevent overt disease (shifting the immune response against a protective one) or 

improve the clinical condition of infected dogs. To date, the use of amphotericine B in 

the veterinary practice is not allowed to limit drug resistance phenomena since is a 

first-choice drug for human patients. Most of these compounds are nephrotoxic or may 

cause galactorrhea (domperidone) or digestive disorders (miltefosine and 

domperidone) hence patients must be regularly monitored (Reguera et al., 2016). 
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Nevertheless, treatment of infected dog is important, not only for patient welfare but 

also to reduce the prevalence and incidence of the disease (Reguera et al., 2016). 

Prophylactic measures against CanL should also be adopted because they not only 

prevent the infection, but further contribute to limit the spread of the disease (Maroli 

et al., 2009; Simonato et al., 2020). Prophylaxis should be approached from two sides: 

(i) protection of dogs against the bite of sand flies, and (ii) use of vaccines; most 

frequently a combined approach is the most effective (ESCCAP, 2016; Simonato et al., 

2020). 

Preventive measures against canine infection based on the protection of dogs 

against the bite of sand flies are quite basilar as keeping dogs in shelters with tight 

mesh during night or sunset, when phlebotomine are active; but mostly on the use of 

synthetic pyrethroids which have an anti-feeding effect. These measures should be 

applied even if the dog is infected (symptomatic or not) because they prevent  further 

spread of L. infantum, to dogs or humans as well (Maroli et al., 2009). 

In Europe there are two vaccines commercially available for dogs against L. 

infantum. The first one is an inactivated vaccine with adjuvant containing excreted 

secreted proteins (ESP) of L. infantum. The vaccination protocol consists of one vaccine 

dose administered to dogs over 6 months of age, every 21 days for a total of three doses 

followed by a single booster dose administered yearly (CaniLeish © - EMA, 

www.ema.europa.eu). However, several studies demonstrated that the use of this 

vaccine can interfere with serological diagnosis (Sagols et al., 2013; Ceccarelli et al., 

2016; Velez and Gállego, 2020) The second vaccine, commercially available from 2019, 

is based on a recombinant protein (protein Q) created with five antigenic fragments 

from different L. infantum proteins, without adjuvant. This vaccine has no reported 

adverse effects and vaccination does not seem to elicit false-positive results in 

serological diagnostic tests (Velez and Gállego, 2020). The first dose can be injected 

from an age of 6 months and the booster dose should be administered once a year 

(LetiFend © - EMA, www.ema.europa.eu). 

  

http://www.ema.europa.eu/
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Chapter 2 

Chronicle of a neglected pathogen: The forgotten history of Leishmania infantum 

in the Emilia-Romagna region (Italy) 

 

2.1 Visceral leishmaniasis in Italy 

Leishmaniasis has long been recognized endemic in the Italian peninsula. As early 

mentioned, the only species currently circulating in the territory is L. infantum (Rugna 

et al., 2018), even though other Leishmania species have been isolated from international 

travelers infected abroad (di Muccio et al., 2015), i.e., L. major, L. tropica, L. braziliensis, 

L. panamensis, L. mexicana, L. aethiopica and L. donovani. With reference to Italy, both the 

visceral and the cutaneous form are described, and in the last years also the muco-

cutaneous form was reported, but not exclusively, in HIV positive patients (Casolari 

et al., 2005; Madeddu et al., 2014). 

The disease was known since the XIX century in the province of Naples and in the 

island of Ischia (Campania) as lienal leukemia or infantum splenic anemia. At first, VL 

was considered a pediatric disease with poor prognosis, until the development of a 

suitable therapy by di Cristina and Caronia (1915) (Sirrotti, 1954). 

The first parasitological finding is attributed to Gabbi in Messina (Sicily) in 1908, 

and in the following years several cases were reported from all Italian regions in 

patients of all ages (Fusaroli, 1952). Because of that, for several years VL was 

distinguished in two different forms: pediatric Mediterranean leishmaniasis and 

Indian Kala-azar; such differentiation was lately abandoned since the etiological agent 

was recognized as the same (Girolami, 1948). 

Up to the 1931, VL was so widespread that Italy was recognized as the most critical 

country in the Mediterranean basin in terms of number of cases. Three main foci were 

identified in the provinces of Catania (Sicily, 150-200VL cases/year), Palermo (Sicily, 

70 cases/years) and Naples (Campania, 70 cases/years) (Pampiglione, 1975). 

From the first parasitological finding in 1908, to 1942 more than 90 VL 

outbreaks/cases were described (Fusaroli et al., 1952), from all over the Peninsula but 
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mostly along the Tyrrhenian and the low Adriatic coasts and on the islands involving 

children but also adults which were the majority of cases reported (Pampiglione, 1975). 

Patients were mostly male living in coastal areas, in the countryside, or in isolated 

villages close to water stream (Bevere and Tobia, 1947). Agricultural workers were the 

most involved professionals, followed by workers, artisans, and transport workers. 

Dogs were considered the main reservoir of the parasite, but especially in the rural 

environment the presence of other animal reservoirs was also hypothesized (Bevere 

and Tobia, 1947). 

Starting from 1948, the VL reports fainted, due to the massive use of 

Dichlorodiphenyltrichloroethane (DDT) and later of pesticides in agriculture and in 

holiday facilities (Corradetti, 1960; Pampiglione, 1975) so that in the ’70s VL was 

described as sporadic. In subsequent years, reports progressively increased, especially 

after a dramatic outbreak occurred in 1971-1972 in the Bologna province (Emilia-

Romagna, ER) with a lethality of 21.7% (Pampiglione, 1975). Thanks to the increased 

awareness of the spread of VL, reports escalated in Italy so that the geographical 

distribution of L. infantum appeared wider than the initial one. In the Peninsula, the 

number of VL cases remained stable during the ’80, when the annual cases ranged 

from 10 to 30 cases/year, to increase in the following years with a peak in 2000 and 

2004 with more than 200 cases/year (Gramiccia et al., 2013). Several reports came even 

from regions or provinces that were considered not endemic, including all the 

provinces of ER (except Ferrara), Piedmont, Lombardy and, with a single case, in 

Aosta Valley. From 1990 to 2005 in all northern Italy the VL cases represented the 

10.9% of the Italian cases with an average of 14 cases/year (Maroli et al., 2008). These 

findings encouraged to considered new territories as endemic, further supported from 

the increased diagnosis of CanL (Capelli et al., 2004; Baldelli et al., 2011), and the 
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northward spread of sand flies, reinforcing the endemicity of L. infantum into 

previously free territory (Fig. 8) (Salvatore et al., 2013; Mendoza-Roldan, 2020). 

 

2.2 The strange case of visceral leishmaniasis in Emilia-Romagna 

The Emilia-Romagna region is in north-eastern Italy, its territory is partially hilly in 

the south-west zone and plain in the north-eastern one, divided by an ancient roman 

road called via Aemilia (Fig 9). 

Figure 8. Distribution of L. infantum in years 1983, 2010, 2020. 

The progressive increase in geographical distribution is highlighted in red (adapted from BAYER, 2020). 

Figure 9. Map of Emilia-Romagna. 

Provinces are marked in different colors: Piacenza in pink, Parma in blue, Reggio Emilia in green, Modena in yellow, 

Bologna in red, Ferrara in purple, Ravenna in light-blue, Forlì-Cesena in orange  

(adapted from Geoportale Emilia-Romagna). 
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In this region, human leishmaniasis has long been described mostly as CL (in 1948 

ranked on top three Regions for number of cases) (Pullè, 1951), VL instead was not 

notified until 1950 (Suzzi Valli e Dominici, 1953). During the ’50 only four ascertained 

VL cases were here reported: the first was described by Suzzi Valli and Dominici in 

1950, in the province of Rimini involving a 44-year-old farmer; the second by Fusaroli 

(1952) in a 20-year-old farmer woman from the province of Forlì, with fatal outcome. 

Few years later a third case was reported in the province of Bologna by Giungi (1954): 

a 62-year-old day laborer from the foothill side of Bologna province. At last, Artusi 

and Grossi (1962) notified the case of a 22-year-old man from the province of Forlì who 

worked in Switzerland for a tanning industry and got infected in a short trip back to 

Forlì. 

All patients had no recent travel history in endemic areas and three of them were 

agricultural workers. By that time, in other Italian regions it had been noticed a 

correlation between the geographical distribution of leishmaniasis (both visceral and 

cutaneous) and canine leishmaniasis. Hence, for the cases described by Suzzi Valli and 

Dominici (1953) and Fusaroli (1953), the dogs belonging to the patients (or of their 

neighbors) were tested for Leishmania sp. but with negative results. As earlier noticed 

(Girolami, 1948), Authors recognized that dog was indeed an important species in the 

transmission of leishmaniasis but suggested that in the ER region other animal species 

should be investigated as reservoir. Moreover, since the cases were observed at 

approximately 60 km from each other and in an area where CL was widely distributed, 

it was questioned whether cutaneous and visceral leishmaniasis were caused by two 

distinct strains circulating in the same area or by different immune response of the 

patient (Suzzi Valli and Dominici 1953; Fusaroli, 1953; Giungi, 1954). Also, in the 

province of Modena 10 cases were notified in a 10-years period from 1943 to 1954: three 

of them were surely autochthonous. All patients lived in a foothill side area of the 

province characterized by grey calanques and close to the river Panaro (Sirrotti, 1954). 

In the following years, reports of both CL and VL notably decreased, probably owing 
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to the massive use of pesticides in agriculture and in holiday localities that heavily 

reduced the presence of sand flies (Corradetti, 1960; Pampiglione, 1975). 

The first VL outbreak in ER was described in 1971-1972 involving several 

municipalities of the province of Bologna (Fig. 10). In October 1971 several patients 

were hospitalized with an acute infective syndrome characterized by a severe fever 

that differed from those usually reported within the region (like typhus fever or 

brucellosis). The syndrome was recognized as VL only in May 1972. Thanks to the 

cooperation with the National Communicable Disease Center of Atlanta (U.S.A.) 60 

cases were confirmed as VL, mostly from a restricted area of 80 x 20 km located on the 

foothill side southern to the via Aemilia characterized by fallow fields, water streams, 

wooded mountains and grey calanques, likewise the cases previously reported in 

Modena (Sirrotti, 1954). Lethality was 21.7%, mostly due to late diagnosis and specific 

treatment (all deceased patients were adult males) (Pampiglione, 1975). Other traits of 

the outbreak were considered anomalous, i.e.: majority of the patients were adults 

(42/60 mostly men fond with hunt), fever was high, remittent, or irregular, often 

preceded by rigor, and the presence of hepatic granulomatous lesions never observed 

in the Mediterranean areas before (Pampiglione et al., 1974). 

Concerning findings of CanL, no dogs were reported as symptomatic in the same 

area of the outbreak. A mass serological control was then performed via Complement 

Figure 10. Geographical distribution of the cases in the Bologna outbreak 1971-1972. Municipalities are 

represented with white dots, VL cases in black. (Pampiglione et al., 1974). 
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Fixation Test on 8454 serum samples from dogs of that area: 132 (1.6%) tested positive 

with titer of 1:10 or 1:20 with no clinical manifestations (Pampiglione et al., 1974). Three 

different hypotheses were formulated on the development of such extraordinary 

outbreak (Pampiglione, 1975): (i) the sudden migration of infected dogs from endemic 

regions; (ii) the arrival of a wild animal reservoir not yet identified; (iii) the re-emerge 

of a cryptic VL already present in the territory, with an increase of cases due to the 

extreme dry weather of summer 1971. 

From this peculiar outbreak, the spread of VL was carefully monitored during the 

following years and Bologna province was included in the endemic territories. The re-

emergence of VL in Italy in the 1990-2000 again involved ER, initially affecting HIV or 

immunocompromised patients (Varani et al., 2013, Franceschini et al., 2016). What 

caused this re-emergence was not clear; various factors were hypothesized such as 

environmental changes which allowed vector activity in areas that were previously 

not suitable; wider circulation of HIV; or infected human and canine migration (di 

Muccio et al., 2015). 

In consideration of that, in ER region from 2007 leishmaniasis was included in a 

Surveillance Plan (PG/2007/108853) aimed to monitor the spread of vector-borne 

diseases (VBD) (Venturi et al., 2009). Regarding leishmaniasis, the plan has been 

focusing on three activities: (i) to perform serological tests on every dog entering a 

public kennel or housing facilities; (ii) to register any pet positive for CanL; (iii) to 

support the cooperation between veterinary practitioners and physicians by 

investigating the spread of vectors and of CanL once an autochthonous human case is 

confirmed. 
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Currently two foci are active in two municipalities from the province of Bologna, 

both located in the foothill side southern to the via Aemilia (Varani et al., 2013; Ortalli 

et al., 2020). One of them (Pianoro) was involved even in the ‘70s outbreak. In addition, 

several single cases have been reported from all over the region (Fig 11) (Santi et al., 

2022). 

 

Molecular characterization of L. infantum strains circulating within the ER region 

was performed by Rugna et al. (2017). To this purpose, 28 L. infantum isolates from 

dogs from ER, 12 isolates from humans (including 3 from ER), and 31 from sand fly 

pools from ER were examined targeting different DNA regions. The results revealed 

the presence of two different strains circulating in the ER: one circulating in dogs, and 

a distinct one in sand flies and humans. These data further confirmed (Rugna et al., 

2018), indicated the role of dog as reservoir of L. infantum in ER questionable. 

  

Figure 11. Distribution of CL and VL cases occurred in 2021 in Emilia-Romagna (adapted from Santi et al., 2022). 
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2.3 Cutaneous leishmaniasis in Emilia-Romagna: Let’s twist again 

Cutaneous Leishmaniasis is considered by many authors the less severe form of 

leishmaniasis that usually comprises in its manifestation crusted ulcerated nodules or 

plaques. Contrarywise to VL, CL was commonly reported in Italy since the very first 

notification of leishmaniasis by Gabbi, in Sicily in 1911 (Gabbi, 1911). After that, 

reports quickly came from all over the Italian peninsula, so that immediately it 

appeared clear that no Italian regions were risk-free from CL. From 1927 to 1947, 

despite the two World Wars, 3,525 cases were reported all over the Country (Pullè, 

1951). Regarding these reports its worth to notice that two regions (Trentino- Alto 

Adige and Aosta Valley) are excluded because they were annexed to Italy only from 

1948; furthermore, notification of cases became compulsory only in 1940 and CL was 

often misdiagnosed with other dermatoses or undiagnosed due to the social 

conditions of that period: the first reliable prevalence is dated in 1950 (Piredda and 

Gasparri). 

The first report of CL in ER is dated 1915 by Mantovani (1915). The patient was a 

66-year-old man, market gardener from the province of Ravenna with no travel 

history. For four years the patient was unsuccessfully treated for a mycetoma-like 

lesion under the left foot; unfortunately, even if physicians eventually came to a 

diagnosis, the increasing fever peaks and the serious risk of infection made it necessary 

to amputate the foot of the patients as life-saving procedure (Mantovani, 1915). The 

second single report was notified in 1934 (Monacelli, 1934): it was a case of a 75-year-

old woman living in the province of Forlì with no recent travel history. Before the 

diagnosis, the patient had for two years a lesion on the left cheek. The lesion was 

hitchy, swollen and its dimensions progressively increased (Monacelli, 1934). From 

this case report, in a period of 4 years, the first outbreak of CL was reported in the 

same province. In 1938 an impressive amount of diagnoses of lupus-like syndrome 

were notified in the province of Forlì (Poggi and Monti, 1939). Sanitary Authorities 

raised suspicions on the etiology of the syndrome for three main reasons: (i) the 

frequency of diagnosis of lupus was uncommon given time and little territory 
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involved; (ii) the syndrome had a favorable course, unlike lupus; (iii) CL outbreaks 

were notified in areas comparable with the province examined considering climatic 

and hydrographical factors; (iv) like other CL outbreaks, most of the patients lived in 

the countryside. Patients still hospitalized were tested for Leishmania spp., and cultures 

were successfully established confirming the diagnosis of CL. More than 100 cases 

were confirmed, and Authors dated the beginning of the outbreak to 1925 (Poggi and 

Monti, 1939). The initial identification of the parasite was L. tropica in all the afore 

mentioned cases because of the similarities with the CL cases reported from southern 

America; the parasite was identified as L. infantum only in the ’50 after strong debates 

among parasitologists (Martinotti, 1952). 

The number of cases kept on rising and in 1951 ER was the third Italian region for 

CL prevalence, after Sicily and Abruzzo, and Forlì was the fourth province most 

affected of Italy (Pullè, 1951). Even if CL was still considered a minor disorder when 

compared to the wide spectrum of other dermatoses, the progressive increase of the 

number of cases made necessary to create two anti-leishmaniasis centers in the 

municipalities of Cesena and Riccione. These dispensaries were active from 1950 to 

1958; in this period 2670 cases were diagnosed and treated. 

Concerning the overall geographical distribution, higher prevalence was observed 

close to the four rivers of the Forlì province, namely Savio, Rubicone, Marecchia and 

Conchia, or to small water streams (Fig 12); morbidity was higher at 100 m asl. Women 

resulted slightly more affected than men; most of the patients were aged between 10 

and 30 years and, like VL, morbidity was higher in agricultural workers and, to a lesser 

extent, artisans. During the years of activity, the dispensaries also made huge efforts 

in teaching how to prevent the infection, with subsequent reduction of the incidence 

of CL in the province of Forlì (Piredda and Gasparri, 1961). 
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In the following years reports of CL were scant and mostly diagnosed in 

immunocompromised patients (Agostinoni et al., 1998), until a new outbreak occurred 

in the province of Modena (Cesinario et al., 2017). From 1997 to 2016, 35 CL cases were 

diagnosed, of which 21 from 2014 to 2016. Except for two patients, none had travel 

history in endemic countries and most of the patients lived in the foothill side of the 

province (Fig X). According to the regional control plan, cases of CanL in this province 

were progressively decreasing, thus Authors suggested that other animal reservoirs 

could be involved in the transmission of the parasite (Cesinaro et al., 2017). A second 

outbreak was reported in the province of Bologna, where 30 cases were diagnosed 

during 2013-2015. The municipalities involved in the outbreak were located south of 

the via Aemilia on the foothill side, similarly to VL (Fig 13). To note that one of the 

municipalities involved was Valsamoggia, where a VL outbreak later occurred 

(Gasparri et al., 2017). 

 

Figure 12. Geographical distribution of CL cases diagnosed in the province of Forlì from 1950 to 1958. 

Rivers are highlighted in blue (adapted from Piredda and Gasparri, 1961). 
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2.4 The wild side: Are dogs really the only possible reservoir of Leishmania infantum in the 

Emilia-Romagna region? 

In the Mediterranean area and in Italy the role of reservoir of L. infantum has always 

been attributed to dog. This is related to different reasons (Dantas-Torres, 2007): 

 although some dog breeds are reported to be more resistant, dogs are usually 

susceptible to L. infantum infection; 

 the prevalence of infection in dogs is higher where human leishmaniasis is 

endemic; 

 dogs often present an intense cutaneous parasitism, and can be source of infection 

for phlebotomine sand flies; 

 dogs and humans have a close relationship that favor the transmission; 

 infection in the dog often occurs asymptomatically; 

 the zymodeme MON-1, commonly isolated in cases of VL is also frequently 

isolated in CanL. 

However, the emergence of new foci in non-endemic areas and the findings of 

different strains in canine and human patients made the role of dog as the only 

reservoir of L. infantum questionable (Molina et al., 2012; Rugna et al., 2017). The 

identification of a proper animal reservoir is of great importance to design an adequate 

control program (Cardoso et al., 2021). 

Figure 13. Geographical distribution of the CL cases occurred in the outbreaks of Modena, on the left, and Bologna, on the 

right (adapted from Cesinaro et al., 2017; Gasparri et al., 2017). 
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While it may seem easy, defining what a reservoir is, is not an easy task. Several 

attempts have been made focusing of different characteristics (Ashford, 1996; Haydon 

et al., 2002; Silva et al., 2005). In this thesis, the term “reservoir”  will be used to identify 

a population or a species in which a pathogen can be maintained and that can be a 

source of infection for susceptible hosts in a specific area (Becker et al., 2020). 

Furthermore, as a requirement to define a species as a reservoir, the prevalence of 

infection should be 20% or higher (Woolhouse et al., 1997). 

In view of this, different animal species have been suspected to be a reservoir of L. 

infantum. Recently, attention has shifted to wild and synanthropic animals because of 

progressive urbanization, landscape and climate changes that affect the interface of 

vectors, wildlife, and human population (Tomassone et al., 2018; Messner et al., 2019). 

In Europe, the role of wildlife as reservoir of L. infantum has been proven in Spain, 

precisely in Madrid for hares (Lepus granatensis), that were involved in an outbreak of 

human VL occurred in 2010 (Molina et al., 2012), and in Portugal and Greece for mice 

(Helhazar et al., 2013; Tsakmakidis et al., 2017). Considering these findings, several 

researches have been aimed to assess the prevalence of L. infantum in various wild and 

synanthropic species. 

Firstly, attention was addressed to wild canids such as foxes (Vulpes vulpes) and 

wolfs (Canis lupus lupus), and later to mustelids, lagomorphs, rodents, and birds. 

Furthermore, also other domestic animals were tested, such as cats, ruminants, and 

horses (Cardoso et al., 2021). 

With reference to Italy, several findings have been reported from different regions 

(Tab. 2). Interestingly, on Montecristo Island - in absence of wild and domestic 

carnivores - the presence of L. infantum was detected in black rats (Rattus rattus) with 

a prevalence of 15.1% (Zanet et al., 2014). However, for further evidence on the role 

that the sylvatic fauna may play in the transmission of L. infantum, prevalence should 

be combined with studies on the ability to transmit the pathogen to the vector, and the 

possible host-preference of sand flies. 
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Host Region Technique Prevalence % References 

Red fox (Vulpes vulpes) Tuscany 

Campania 

Tuscany 

Sicily 

Piedmont 

VI & M 

PCR 

PCR 

PCR 

PCR 

6.2 (1/35) 

40 (20/50) 

52.2 (48/92) 

28.6 (2/7) 

12.26 (19/157) 

Bettini et al., 1980 

Dipineto et al., 2007 

Verin et al., 2010 

Abbate et al., 2019 

Battisti et al., 2020 

Wolf (Canis lupus lupus) Piedmont PCR 25.71 (7/33) Battisti et al., 2020 

European badger (Meles meles) Piedmont 

Emilia-Romagna 

PCR 

PCR 

53.33 (24/45) 

25 (1/4) 

Battisti et al., 2020 

Magri et al., 2022a 

Hedgehog (Erinaceus europaeus) Emilia-Romagna PCR 80 (4/5) Magri et al., 2022a 

Rabbit (Oryctolagus cuniculus) Sicily PCR 4.2 (3/71) Abbate et al., 2019 

Black rat (Rattus rattus) Tuscany 

Tuscany 

Calabria 

Montecristo Island 

(Tuscany) 

Emilia-Romagna 

VI & M 

VI & M 

SB; PCR 

PCR 

 

PCR 

2.1 (3/160) 

1.1 (1/94) 

57.5; 45 (13/22; 9/20) 

15.5 (11/78) 

 

13.1 (5/39) 

Bettini et al., 1980 

Pozio et al., 1981 

Di Bella et al., 2003 

Zanet et al., 2014 

 

Magri et al., 2022b 

Brown rat (Rattus norvegicus) Sicily 

Emilia-Romagna 

PCR 

PCR 

33.3 (9/22) 

10.6 (5/47) 

Di Bella et al., 2003 

Magri et al., 2022b 

Wood mouse (Apodemus sylvaticus) Tuscany VI & M 0 (0/139) Bettini et al., 1980 

Mouse (Mus musculus) Emilia-Romagna PCR 10 (4/50) Magri et al., 2022b 

Roe deer (Capreoulus capreolus) Emilia-Romagna PCR 33 (11/33) Magri et al., 2022a 

 

 

Table 2. Reports of Leishmania sp. in wild and synanthropic mammals from different Italian regions. PCR polymerase chain reaction, SB southern blotting, VI & M virus inoculation 

and microscopy. 
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Chapter 3 

Pandora’s box: Diagnosis and molecular targets of Leishmania 

infantum 

 

3.1 Diagnosis of Leishmania infantum: Clinical and epidemiological aspects 

The diagnostic approach to leishmaniasis greatly differs according to the main 

purpose. In case of a clinical diagnosis, serology is still considered the gold standard 

method, especially in the veterinary practice and in epidemiological surveys, while in 

case of human epidemiological surveys, various techniques can be applied (OIE, 2021). 

Considering human leishmaniasis, PCR is the most common method applied for the 

diagnosis; serology is more sensitive in case of VL, while results in case of CL are less 

reliable (Singh and Sivakumar, 2003). Regarding CanL, quantitative serology is still 

considered the gold standard, mainly because the antibody-titer can differentiate sick 

from healthy patients, however even PCR is commonly accepted (Solano-Galego, 

2009). The most common techniques used in the diagnosis, detection, identification, 

and quantification of Leishmania spp. are synthetized in table 3. 

 

3.2 Non-DNA-based methods 

Non-DNA-based methods are a wide group of techniques that can further be 

divided in parasitological, serological, and protein-based methods. 

 

3.2.1. Parasitological methods (for detection purposes) 

Parasitological methods are the most anciently described for the detection and the 

description of Leishmania. The most applied methods are microscopic examination and 

in vitro parasite culture.  
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Microscopic examination is usually applied to smears from biopsy of lesions for CL, 

and needle aspiration smears from spleen, bone marrow and lymph nodes for VL (Fig. 

14) (Akhoundi et al., 2017). This approach is fast and cheap but of scarce application 

because it is invasive: biopsies especially in case of VL are not easy to perform. 

Microscopic examination doesn’t allow to discriminate between Leishmania species 

and sensitivity is generally poor because it is strongly related to the number and the 

spread of the parasites in its host (Reimão et al., 2020). 

To increase sensitivity, biopsy material can be used to inoculate culture medium, 

but this technique is rarely used in routine medical practice, although the 

establishment of a culture isolate is of great importance for epidemiological purposes. 

In fact, many of the techniques that allow strain discrimination require a consistent 

amount of quality genetic material, thus are culture dependent. Parasite cultivation is 

moreover important for drugs and vaccine production (Castelli et al., 2014). 

Unfortunately, success to recover Leishmania rarely is higher than 70%, is highly time-

consuming and requires a good laboratory setup (Akhoundi et al., 2017). 

The parasitological methods also include xenodiagnosis. In this case the vector is 

used as a “culture medium” to detect the infection in a mammalian host. 

Xenodiagnosis can be direct, when vectors are allowed to feed on the host, or indirect 

when they feed on heparinized blood through a feeder membrane (Singh et al., 2020). 

Figure 14. Amastigotes of Leishmania pointed by orange arrows, isolated in macrophages from a patient with MCL 

(adapted from Richter et al., 2011). 
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Xenodiagnosis is time-consuming and requires a sand fly rearing laboratory and a 

trained entomologist for dissection and examination of vectors. Nevertheless, it 

remains a parasitological method of great importance because it can confirm the 

competence of sand flies as vector or mammals as reservoir (Molina et al., 2012). 

Moreover, also inoculation of Leishmania in experimental animal and dermal 

diagnostic tests are comprised in the parasitological examination. The first is rarely 

applied because of the ethic implication, and further requires highly specialized 

laboratories and is mostly used as complementary tool (Sundar and Rai, 2002). The 

latter, Leishmania skin test (LST) or Montenegro test was considered an extremely 

important tool for diagnosis in the past century. It is easy to perform with good 

sensitivity and specificity, but it can’t discriminate between past and current infection; 

in Europe it has been mostly substituted with serological and DNA-based techniques 

but is still commonly applied in Asia (Sadeghian et al., 2013). 
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Table 3. Comparison of different diagnostic methods of Leishmania species (adapted from Akhoundi et al., 2017). G: Genus; SL: Section Level; SG: Subgenus; C: Complex; S: Species; F: Foci. 

*= low; **=medium;***=high 

*Including different PCR methods i.e. multiplex and nested PCR. 

Abbreviation: MLMT (Multilocus microsatellite typing); PCR-HMR (High resolution melting); PCR-RFLP (Restriction fragment length polymorphism); NASBA (Nucleic acid sequence based 

amplification); LAMP (Loop-mediated isothermal amplification); ICT (immune-chromatography); ELISA (Enzyme-linked immunosorbent assay); MLEE (Multilocus enzyme electrophoresis); 

MALDI-TOF (Matrix-Assisted Laser Desorption Ionization Time-Of-Flight). 

Methodology 

Leishmania 

Detection 

In Clinical 

Samples 

Leishmania 

Identification 

Leishmania Discrimination 
Leishmania 

Quantification 

Culture 

Needed 
Sensitivity Specificity 

G SL SG C S F 

Non-

DNA-

based 

Parasitological 

Methods 

Microscopic 

examination 
✓ ✕ ✓      ✓ ✕ ** * 

In vitro 

Parasite 

Cultures 

✓ ✕ ✓      ✕ ✓ * * 

Isolation in 

experimental 

animals 

✓ ✕ ✓      ✕ ✕ * ** 

Dermal 

diagnostic test 
✓ ✕ ✓      ✕ ✕ ** *** 

Xenodiagnosis ✓ ✕ ✓      ✕ ✕ ** *** 

Serological 

Methods 

IFAT ✓ ✓ ✓      ✕ ✕ *** ** 

ELISA ✓ ✕ ✓      ✕ ✕ ** ** 

ICT ✓ ✓ ✓      ✕ ✕ ** ** 

Western blot ✓ ✓ ✓      ✕ ✕ *** *** 

Protein-based 

Methods 

MLEE ✕ ✓ ✓ ✓ ✓ ✓ ✓  ✕ ✓   

MALDI-TOF ✕ ✓ ✓ ✓ ✓ ✓ ✓  ✕ ✓   

DNA-

based 

PCR-based 

Methods 

PCR* ✓ ✓ ✓ ✓ ✓ ✓ ✓  ✓ ✕ *** ** 

MLST ✕ ✕ ✓ ✓ ✓ ✓ ✓ ✓ ✕ ✓ *** *** 

MLMT ✕ ✕      ✓ ✕ ✓ *** *** 

Post-PCR 

methods 

PCR-HMR ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✕ ✕ ** *** 

PCR-RFLP ✓ ✓ ✓ ✓ ✓ ✓ ✓  ✕ ✕ ** *** 

Gene 

Sequencing 
✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✕ ✕ *** *** 

Non-PCR-

based 

methods 

NASBA ✕ ✓       ✕ ✕ ** *** 

LAMP ✕ ✓       ✕ ✕ *** *** 
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3.2.2. Serological methods (for diagnostic purposes) 

Serological diagnosis is of great importance especially in veterinary routine 

practice. It is based on the detection of Leishmania antigens or anti-Leishmania 

antibodies in serum or urine samples of patients. In canine patients, serological 

diagnosis is considered the gold standard because it allows the quantification of the 

antibodies-titer; in human patients it is mostly used for VL because of the prominent 

humoral response (Reimão et al., 2020). 

The most used methods are: (i) indirect fluorescent antibody test (IFAT); (ii) 

Enzyme-linked immunosorbent assay (ELISA); (iii) immunochromatographic strip 

test (ICT); (iv) Western blot. 

 IFAT is a serological test largely used in veterinary diagnosis. Test samples 

(blood sera) are reacted with anti-Leishmania antigens presented on acetone-fixed 

promastigotes on slides followed by a secondary indicator fluorescein-labeled anti-

species antibody directed at the specific immune globulin (Fig. 15). The International 

Office of Epizootics (OIE) refers to IFAT as the gold standard for the diagnosis of CanL, 

also disciplined by Italian law, and in the regional control plan of VBDs (Venturi et al., 

2009; OIE, 2021). Dogs with a titer below 1:40 are considered negative, while a titer 

above 1:160 is suggestive of established infection. In human patients, infection titers 

range from 1:80 to 1:160 (OIE, 2021). In the case of CanL sensitivity and specificity are 

Figure 15. IFAT using as antigen promastigotes of L. infantum (adapted from Mendoza-Roldan et al., 

2021) 
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high, while in human patients they decrease in case of coinfection with HIV, or 

diagnosis of CL or MCL (Barroso-Freitas et al., 2009). 

 ELISA has been used as a potential serodiagnostic tool for almost all 

transmissible diseases, including leishmaniasis (Sundar and Rai, 2002). ELISA can 

detect and possibly quantify anti-Leishmania antibodies in a sample. Briefly, the 

Leishmania’s antigens are immobilized in a microplate (directly or by a capture 

antigen) and react with the antibodies of the sample. The reaction produces a color 

signal indicating the presence of the antigen in the sample; the measurement of the 

optical density is proportional to the quantity of the antigen in the sample (Shah and 

Maghsoundlou, 2016). Its sensitivity is high, but the specificity depends upon the 

antigen used. The most used antigens for Leishmania are crude soluble antigens (CSA) 

present on the membrane of amastigote and promastigote stages, and the kinesin-

related recombinant antigen rK39. 

On a general note, ELISA can be used for many samples, with different antigens 

and different types of matrixes at the same time, but it requires specialized 

professional, sophisticated equipment and is time-consuming, even though rapid kits 

have been developed. Rapid kits have a sensitivity of 94.7% and specificity ranging 

from 90.6% to 100%, that are comparable to the standard ELISA technique which has 

a sensitivity of 80-99.5% and a specificity of 81-100% (Marcondes et al., 2011). The lack 

of discrimination between active disease and clinical healthy patient makes use of 

rapid kits limited in endemic regions (Elmahallawy et al., 2014). 

• A micro-ELISA on strip has also been developed for use in endemic areas, 

where any sophisticated method can scarcely be employed on large scale (Boelaert et 

al., 2008). The strip test (Immuno-Chromatographic Test - ICT), is used in the diagnosis 

of VL, but sensitivity and specificity vary according to the different commercial kit 

employed and patient’s origin (Bangert et al., 2018). 

• Western blot has been reported as a highly sensitive and specific test that can 

be applied to different matrixes like serum and urine (Mirzaei et al., 2018). Western 
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blot can give details on antibodies’ responses to various antigens; however, it is time 

consuming, expensive and requires qualified professionals (Patil et al., 2012). 

 

3.2.3. Protein based methods (for identification purposes) 

Among the protein-based methods for the identification of Leishmania spp., the 

multilocus enzyme electrophoresis (MLEE), is indicated by WHO as the gold standard 

technique (OIE, 2021). MLEE completely depends on the isolation and cultivation of 

the parasite, and it differentiates strains based on the profile of a set of proteins in a 

pH-dependent gel electrophoresis (Reimão et al., 2020). Currently the electrophoretic 

mobility of 15 enzymes has been tested (Pratlong et al., 2016). Based on their 

electrophoretic profile, strains are classified in zymodemes. Only few laboratories in 

the world can perform MLEE, it is time consuming and has some limitations in the 

discrimination of strains (Schönian et al., 2011). 

As earlier mentioned, the Old and the New World use different enzymatic panels 

so that strains cannot be compared directly. Moreover, MLEE fails to detect nucleotide 

substitutions, that do not imply aminoacidic changes, and aminoacidic substitutions 

that do not alter electrophoretic mobility; it does not distinguish similar 

electrophoretic mobilities that are dependent on distinct genotypes and at last 

electrophoretic mobility can be modified by post-translational modification 

(Zemanova et al., 2007; Alam et al., 2009). For these reasons, molecular studies do not 

always agree with the identification of Leishmania isolates by MLEE (Schönian et al., 

2011). 

More recently also a mass spectrometry technique has been developed for the 

identification of Leishmania. It is a matrix-assisted laser desorption ionization time-of-

flight (MALDI-TOF) assay. MALDI-TOF consists in ionization of the sample in a 

specific acid solution, via laser beams from spectrometers the sample is later 

evaporated towards a sensor; the “time of flight” depends on the molecular weight of 

the ionized molecules (Fig. 16) (Mouri et al., 2014). As main limits, the initial cost of the 

MALDI-TOF equipment is highly expensive, and it requires a fully equipped 
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laboratory and trained professionals in the analysis of the results. Furthermore 

MALDI-TOF needs cultured parasites so it can’t be applied directly to clinical samples 

(Akhoundi et al., 2017; Reimão et al., 2020). 

 

3.3. DNA-based methods (for detection, identification, strain discrimination and quantification 

purposes) 

Since the 1980s, the amplification of DNA via PCR has enabled the development of 

fast and highly sensitive detection of Leishmania in various biological samples 

(Akhoundi et al., 2017). Molecular methods are routinely applied worldwide for the 

diagnosis of leishmaniasis because they exhibit several advantages, such as feasibility, 

safety, and reliable results (Thakur et al., 2020). 

 

3.3.1 A kind of magic: PCR assay for detection and identification of Leishmania spp. 

PCR-based assays are the basis of Leishmania detection and typing (Akhoundi et al., 

2017; Reimão et al., 2020). In most cases, PCR doesn’t need cultivation of parasites and 

it can distinguish even various strains according to the target gene or region. PCR can 

also be applied to samples with low parasite loads, conversely to microscopy or 

cultivation (Antinori et al., 2007). Conventional (or endpoint) PCR consists in the 

Figure 16. Analysis of MALDI-TOF mass spectrometry of 184 spectra from 46 Leishmania isolates with 

distances displayed in relative units (Mouri et al., 2014). 
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partial or total amplification of a DNA region; however, several other PCR assays have 

been developed. 

 

A variant of conventional PCR is the nested-PCR. It consists of the amplification of 

a DNA region via two rounds of PCR; two pairs of primers are used, the first 

amplification targets a long fragment of DNA, the second amplifies a region comprised 

in the first round (Fig. 17). This technique is often applied when the parasitic load is 

low but can encompass contamination between the first and the second round (van 

Eys et al., 1992). A variation of nested PCR is the hemi-nested PCR, in which one of the 

primers used for the first amplification will be used also for the second round (Fig 17). 

Different DNA targets can also be amplified at same time with different PCR 

reactions performed simultaneously: this is the case of multiplex PCR. In a multiplex 

PCR, amplicons of specific DNA targets which vary in size can be produced by using 

numerous primer sets in one PCR mix only. Multiplex PCR can be used in clinical 

laboratories, but a relatively low sensitivity makes it a second-choice assay when 

compared to end-point PCR (Thakur et al., 2020). 

 

Figure 17. Schematic representation of nested and hemi-nested PCR. 
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A more recent PCR assay is the real-time PCR. A real-time PCR is a quantitative 

PCR that measures the amount of DNA generated by monitoring the amplification of 

a specific target during each PCR cycle (Fig. 18) (Reimão et al., 2020). Real-time PCR is 

worldwide applied and often it has been described as a valuable tool for the diagnosis 

of leishmaniasis (Schönian et al., 2008). Different targets and protocols have been 

optimized for detection and quantification of parasite load, and species typing 

(Moreira et al., 2018). 

To discriminate different clinical samples, the Multilocus Sequence Typing (MLST) 

represents a valuable assay. This method consists in the amplification via PCR 

followed by DNA sequencing of some housekeeping genes that are evaluated 

simultaneously. MLST is used mostly (but not only) in endemic areas, it has lower 

sensitivity than conventional PCR, requires meticulous optimization and often is 

culture dependent (Thakur et al., 2020). 

Multilocus Microsatellite Typing (MLMT) is similar to MLST but targets the 

microsatellites. Microsatellites are repeated motifs of non-coding nucleotides found in 

all eukaryotic and prokaryotic genomes (Jarne and Lagoda, 1996) and the genome of 

Leishmania is rich in microsatellite sequences (Schönian et al., 2011). MLMT can give 

important insights into the epidemiology of Leishmania and allows the characterization 

Figure 18. Amplification plot of a real-time PCR. 
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of strains from different geographical areas (Aluru et al., 2015). As MLST, MLMT 

requires meticulous optimization and is culture dependent; however, thanks to its 

discrimination capacity, MLMT is often used as an alternative to MLEE (Schönian et 

al., 2011). 

 

3.3.2 Post-PCR methods (for identification purposes) 

Post-PCR methods are applied to the amplicons of the PCR.  

The PCR-Restriction Fragment Length Polymorphism (PCR-RFLP) can discriminate 

various species depending on the pattern of DNA fragments after digestion with one 

or more restriction enzymes evaluated by gel electrophoresis. PCR-RFLP is simple and 

doesn’t require too much sophisticated equipment. Several protocols have been 

described according to different molecular targets; to date the most used to 

differentiate Leishmania spp. targets the ITS region and the heat shock protein 70 

(Hsp70) (Akhoundi et al., 2017). 

A post-PCR method applied to the real-time PCR is the PCR-Hight Resolution 

Melting (PCR-HRM). PCR-HRM is based on the variations in DNA sequences and uses 

double-stranded DNA binding dyes for measuring the intensity of fluorescence 

during dissociation of double stranded to single-stranded DNA amplicons generated 

from a real-time PCR assay (Reimão et al., 2020). This assay can be performed with 

new generation saturating dyes (i.e., Eva Green or SYTO9) or on an adapted PCR 

instrument (Moreira et al., 2018). Like other real-time PCR protocols, the results may 

be obtained quickly, with a reduced likelihood of contamination (Galluzzi et al., 2018). 

A technique mostly used for phylogenetic studies is DNA sequencing. It is based 

on the incorporation of chain-terminating dideoxynucleotides for the determination of 

the nucleotide sequence of a specific fragment of DNA (Akhoundi et al., 2017). Typing 

of Leishmania can be performed by the analysis of single nucleotide polymorphisms 

(SNPs) or by comparison of the sample sequence with a reference sequence of 

Leishmania spp. (van der Auwera and Dujardin, 2015). Species discrimination by 

sequencing is mostly applied to chromosomic regions, but kDNA regions have been 
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used as well like the cytochrome B gene (van der Auwera and Dujardin, 2015). 

Minicircles, another component of kDNA, are too variable for species discrimination, 

however, are useful targets for DNA detection thanks to the high number of copies 

(Singh et al., 1999). 

 

3.3.3 Non-PCR based methods (for diagnostic purposes) 

As an alternative to PCR, other techniques targeting DNA can be used for the 

diagnosis of leishmaniasis. 

The Loop-mediated isothermal amplification (LAMP) consists in an isothermal 

amplification that can increase the amount of amplified DNA up to a billion copies in 

less than an hour. It requires four different primers designed to recognize six distinct 

regions of a target locus; amplification can be detected by eye as white precipitate or 

as yellow-green solution after the addition of SYBR green dye (Soroka et al., 2021). 

LAMP is a fast assay that requires only basic laboratory equipment, and sensitivity is 

high for the diagnosis of both CL and VL (Thakur et al., 2020). However, since the 

amplification occurs at relatively low temperature (60-65°C), the target region 

shouldn’t be GC rich; besides there’s a high risk of formation of DNA secondary 

structures, it has a limited suitable temperature range, and requires accurate 

optimization (Akhoundi et al., 2017). 

Developed for the detection of RNA, the nucleic acid sequence-based amplification 

(NASBA) also exploits the isothermal amplification. NASBA is the only isothermal 

method that uses RNA as starting material. Amplification is faster when compared to 

a PCR assay, however NASBA is not suitable for quantification or species 

discrimination, and ribonuclease contamination can degrade the target RNA (Zanoli 

and Spoto, 2013). 
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3.4 Leishmania identification: Molecular targets 

Identification of Leishmania species is highly recommended by WHO (2010) for the 

correct diagnosis and prognosis of the patient, as well as for management, treatment, 

and control of the disease. 

PCR-based methods combine high sensitivity for direct detection with species 

specificity: to date no commercial standard tests are available for Leishmania species 

typing. Identification can be achieved with conventional or real-time PCR, as well as 

with RFLP (Gramiccia and di Muccio, 2018). 

As well as other trypanosomatids, Leishmania spp. have a unique genomic 

organization when compared to other eukaryotes. The absence of introns, polycistrons 

and small chromosomes with high gene densities are some of the traits. The Leishmania 

genome is haploid, organized in 36 chromosomes for the Old World Leishmania, and 

34 for the New World Leishmania (Kazemi, 2011). Moreover, Leishmania spp. possess a 

single mitochondrion including a kinetoplast containing a large network of kinetoplast 

DNA (kDNA) (Akhoundi et al., 2017). 

Over the years these distinctive traits have been studied to develop epidemiological 

or population genetic assays. The most used molecular targets are (Fig 19): (i) 

ribosomal RNA genes; (ii) repetitive nuclear sequences; (iii) antigen genes like 

glycoprotein 63 (gp63), heat-shock protein 70 (Hsp70), cysteine protease B (cpB); (iv) 

kDNA comprehensive of maxicircles and minicircles; (v) mini-exon genes (ME) 

(Gramiccia and di Muccio, 2018). 

Depending on the purpose of the diagnosis and the epidemiological context, the 

choice of the molecular target may vary. Targets (and consequently primers) can be 

genus, subgenus, species, or strain specific. On a general note, the first targets used for 

the diagnosis of Leishmania are high-copy-number targets such as kDNA, SSU rDNA 

and ME that have been considered the most sensitive (Schönian et al., 2003; Gramiccia 

and di Muccio, 2018). 

 



 44 

After the infection has been confirmed by one of the available methods, the second 

step is the identification at species complex or species level. At this step sensitivity 

should be less emphasized to allow the discrimination of as many species as possible. 

ITS1 and Hsp70 are considered the best target for Leishmania species identification both 

in Old and New World (van der Auwera et al., 2014). 

Discrimination of strains can be achieved by performing assays that target both 

coding or non-coding multigene targets, like kDNA minicircles, cpB, gp63, ITS, or ME. 

Unfortunately, they showed some limitations. The main one is the lack of validation, 

that makes these tests not fully reproducible and comparable between laboratories 

(Gramiccia and di Muccio, 2018). Moreover, if a test has been developed on a particular 

Leishmania strain, e.g., local strain, the same test could fail if used on global scales 

remaining still usable locally (Schönian et al., 2008). 

  

Figure 19. DNA-based methods and molecular targets for Leishmania diagnosis and typing. 
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3.4.1 Ribosomal DNA (rDNA) 

rDNA belongs to the chromosomal DNA. As in most of the eukaryotes, Leishmania 

ribosomes are composed of two subunits with four rRNA types and more than 70 

proteins. The ribosomal RNA transcription units are: the large subunit (LSU) 

containing the 28S; the 5.8S; the 5S rRNAs and the small subunit (SSU) containing the 

18S rRNA (Fig 20) (Torres-Machorro et al., 2009). ITS (Internal transcribed spacers) are 

non-coding DNA spacers. In Leishmania, rDNA genes are mostly located on 

chromosome 27, usually in multiple copies of tandem head-to-tail repeats of 12.5Kb. 

As molecular markers, rDNA is mostly used for reconstructing phylogenetic 

relationships, thanks to its high conservation and its flaking regions (van Eys et al., 

1992). Among the units, the 18S rRNA is one of the most used markers for phylogenetic 

purposes because it encodes for the structural subunit of the ribosome. The 28S rRNA 

catalyzes the peptide bond formation, and in Leishmania spp. its structural components 

differ from the ones described in other eukaryotes. Briefly, it contains two large 

subunits (24α and 24β) and four small rRNA molecules (γ, ζ, δ, ε) (Soto et al., 2004). 

As earlier mentioned, rDNA is comprehensive of two non-coding DNA spacers 

ITS1 and ITS2. The ITS1 length varies according to different Leishmania species from 

Figure 20. Genetic map of rDNA genes with corresponding fragment length in Leishmania species. 
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300 to 350bp. It is considered a highly conservative region, but thanks to the 

development of a PCR-RFLP assay it can be used as molecular marker for species 

typing (Schönian et al., 2003). To date, it is considered one of the best targets for 

Leishmania species determination (Van der Auwera et al., 2014). 

The rDNA molecular targets are conservative among Trypanosomatidae family, 

therefore their use in species typing should be carefully evaluated, especially when 

isolation and cultivation of the parasites are not possible like in the case of diagnosis 

of Leishmania spp. in wild fauna (Díaz-Sáez et al., 2014; Merino-Espinosa et al., 2016; 

Calzolari et al., 2018). 

 

3.4.2 Repetitive nuclear sequences 

Repetitive nuclear sequences or repetitive elements are repetitive portions of the 

genome. They can be classified according to the proliferation state in “living” repeat, 

which are responsible for changes in the host genome and modulation in the pattern 

of genes expression, as well as daily maintenance of chromosomes; or in “dead” 

repeats that constitute a paleontological record (Wickstead et al., 2003). Within the L. 

donovani complex, common “dead” repetitive elements have been described. They 

consist in multiple tandem copies of a 60 bp repeat found in at least six chromosomes 

(Howard et al., 1991). The redundant nature of these elements makes them a good 

target to differentiate species based on length polymorphism after end-point PCR or 

on a PCR-RFLP assay. With reference to the L. donovani complex and to the species L. 

infantum, repetitive elements are variable enough to give information at the strain 

level, especially when applied to a PCR-RLFP assay (Minodier et al., 1997). 

 

3.4.3 Under pressure: Antigen genes 

Antigen genes are of great value in genotyping assays to answer clinical or 

epidemiological questions (Gramiccia and di Muccio, 2018). Their variable nature 

makes them a first-choice target to evaluate population structure because subjected to 

more selective pressure (Guerbouj et al., 2001). 
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One of the most studied target gene is the gp63, which encodes for a major surface 

glycoprotein widely expressed on the cell membrane. Gp63 has been classified as a 

virulence factor playing a major role in the bond between the promastigote and the 

host macrophage and in the interference with the complement fixation (Lieke et al., 

2008). Molecular tests targeting this region can discriminate Leishmania at the species 

level and, in the case of a PCR assay, RFLP is required (Guerbouj et al., 2001; Victoir et 

al., 2003). 

Among the possible targets for Leishmania species discrimination, heat-shock 

protein 70 (Hsp70) is considered one of the best, as well as ITS1 (Van der Auwera et 

al., 2014). Hsp70 are chaperonins involved in a considerable wide range of cellular 

housekeeping activities including folding newly synthesized proteins, translocation of 

polypeptides into mitochondria and endoplasmic reticulum, disassembly of protein 

complexes and regulation of protein activities, and stress related activities (Fig. 21) 

(Rosenzweig et al., 2019). 
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Hps70 of Leishmania spp. has been studied in both the Old and the New World. 

Several primer pairs have been designed and are now applicable to both conventional 

and nested PCR (Garcia et al., 2004; Montalvo et al., 2010; Montalvo et al., 2012; Van der 

Auwera et al., 2014). 

Cysteine protease B (cpB) is implicated in several processes including cellular 

differentiation, nutrition, host cell infection, and evasion of the host immune response 

(Denise et al., 2003). The cpB genes are multicopy genes located in a single locus with 

different copy numbers and different nuclear sequences, varying according to the 

species (Hide et al., 2007). In the L. donovani complex, the cpB gene consists of 5 copies 

tandemly arranged (A, B, C, D, E) (Mundodi et al., 2002). Among them, the last copy 

has a distinct sequence at its 3’ end, where a region of 39-bp indel is described in 

different species of the L. donovani complex. Thanks to the cpB, the L. donovani complex 

can be distinguished in different clusters according to the bp-length. In this locus, the 

Figure 21. Housekeeping and stress related Hsp70 (Rosenzweig et al., 2019). 
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region of 39 bp can be observed in L. donovani, L. archibaldi and in some strains of L. 

infantum or deleted in other strains of L. infantum (Hide and Bañuls, 2006). Concerning 

L. infantum, the presence of two different strains (with or without the indel) can be 

exploited in epidemiological surveys; indeed, this differentiation has been proposed 

for laboratory cultures in end-point PCR assays (Zackay et al., 2013; Rugna et al., 2017) 

and for biological samples in a nested PCR assay (Magri et al., 2022a - present PhD 

Thesis). 

 

3.4.4. The other side: Kinetoplast DNA 

Kinetoplastids have a single mitochondrion, including a special organelle called 

kinetoplast. This organelle has many unusual properties which are unique to the order 

Kinetoplastida, like an extensive kinetoplast DNA (kDNA) network and U-

insertion/deletion type RNA editing of its mitochondrial transcripts (Lukeš et al., 2005). 

kDNA is composed by concatenated circular DNAs of two types (Fig. 22): 

maxicircles present in few dozens of identical copies per network, and minicircles 

present in several thousand copies per network of similar length but with different 

sequences (Lukeš et al., 2002). 

The maxicircles are the most conserved, they encode for proteins and rRNA and are 

comprehensive of a non-transcribed variable region (VR). Differences in the Leishmania 

species can be found mostly in the VR (Akhoundi et al., 2017). 

Figure 22. kDNA network structure. (A) Electron micrograph of the periphery of an isolated kDNA network. (B) 

Diagrams showing the organization of minicircles: (I) Segment of an isolated network showing interlocked minicircle; (II) 

Section through a condensed network disk in vivo showing stretched-out minicircles. (adapted from Lukeš et al., 2002). 
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Minicircles have species-specific size ranges. Since they are present in thousands of 

copies per cell, minicircles are an excellent target for the detection of Leishmania from 

biological samples with a low parasitic load (Ceccarelli et al., 2014). Despite being a 

highly variable site, minicircles contain three conserved sequence blocks (CSB-I, CSB-

II, CSB-III) which usually are targets of Leishmania for sub-generic level assays or 

phylogenetic investigations (Fig. 23) (Yurčenko et al., 2000; Salvatore et al., 2016; 

Akhoundi et al., 2017). 

 

3.4.5 Mini-exon genes 

Mini-exon sequences are present in all kinetoplastids, however their precise function 

is still not clear, even though they are considered of great importance in cell 

metabolism. However, the mini-exon derived RNA, enters in the trans-splicing 

reaction with cellular mRNA precursors (Hassan et al., 1992). Mini-exon genes are 

present in 100-200 tandemly repeated copies in the nuclear genome, with each repeat 

consisting of (i) a transcribed very conservative region formed by a 39 nucleotides exon 

Figure 23. Minicircle of Leishmania sp. with component fragments. 
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and a moderately conserved intron of 55-101 nucleotides and (ii) a variable non-

transcribed spacer (Fernandes et al., 1994). Mini-exon genes are present in 100-200 

copies per cell so the assays targeting this region can be used for the detection of 

Leishmania spp. (Gramiccia and di Muccio, 2018), moreover the bp-length and the DNA 

sequence variations of the non-transcribed spacer can be used for species-specific 

assays (Fernandes et al., 1994). 
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Chapter 4 

Aims & Objectives 

 

4.1 Aims & Objectives 

As the role of dogs as a reservoir of Leishmania infantum in the Emilia-Romagna 

region (Italy) has been questioned since the first notifications of human visceral 

leishmaniasis (HVL) (Pampiglione, 1975) until more recent HVL cases (Varani et al., 

2013; Rugna et al., 2017), the main aim of this PhD project was to investigate the role 

of wild and peridomestic mammals as potential animal reservoirs of L. infantum in the 

regional zones where HVL foci are still active, also evaluating the possible role of 

arthropod vectors other than phlebotomine sandflies as vectors of Leishmania spp. in 

the sylvatic cycle of the protozoa. 

 

In this view the following objectives were undertaken: 

• to investigate the presence of Leishmania spp. in wild and synanthropic 

mammals collected nearby reported HVL cases or foci. Such epidemiological surveys 

were performed considering the studies conducted in other Italian regions and in other 

European countries, including results of research on the host preferences of sandflies 

in the Emilia-Romagna region. Therefore, the parasitological survey mainly focused 

on animal species never tested before in Italy, like Rattus norvegicus and Mus musculus, 

or worldwide, such as Capreolus capreolus. 

• to develop a new molecular assay to distinguish the two strains currently 

circulating in the Emilia-Romagna region, to be applied on biological samples without 

the need for parasite isolation or sequencing. 

• to collect and review epidemiological data available in Europe on the presence 

of non-pathogenic trypanosomes, that can often interfere with the molecular diagnosis 

of other strictly related pathogens, such as Leishmania spp.. 

• to deepen the knowledge on the sylvatic cycle of L. infantum by investigating 

potential Leishmania vectors other than phlebotomine sandflies. The presence of the 
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protozoa was tested in different developmental stages of questing Ixodes ricinus ticks 

collected from rural environment in three parks of Emilia-Romagna region close to 

reported HVL and CanL cases.  
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Chapter 5 

Materials and Methods 

 

5.1 Samples from mammals 

Different species of mammals were collected from the provinces of Bologna, 

Ferrara, Forlì-Cesena, and Ravenna (Emilia-Romagna) between June 2019 and October 

2021, focusing primarily on areas where - according to the regional control plan on 

leishmaniasis - cases of HVL were described (Santi et al., 2021). 

The carcasses of pest rodents were collected by professional pest control services, 

the spleen and earlobe of roe deer were provided by ungulates selection hunters, while 

the carcasses of other wild mammals were collected during park surveillance activities 

by volunteers and park rangers. 

All these samplings were conducted under specific agreements and informative 

meetings made with professionals and local authorities. Concerning wild mammals, 

different actions were undertaken for roe deer and other mammals (such as 

micromammals or wild carnivores). Informative meetings were kept with volunteer 

park rangers and ungulates selection hunters, with the distribution of informative 

flyers (Appendix 1 and 2, respectively), to collect animal carcasses found during park 

surveillance or portions of organs from roe deer hunted and slaughtered. 

Overall, samples of organs and tissues from 204 mammals were tested (Fig. 24). 

When the entire carcass was available, necropsies and samples collection were 

performed with sterile surgical instruments, and four samples were collected: ear lobe 

skin, spleen, liver and prescapular lymph nodes (not sampled in 16 pest rodents due 

to the corruption of the remains). 

DNA from these samples was isolated with PureLink® Genomic DNA Mini Kit 

(Invitrogen/ Thermo Fisher Scientific, Carlsbad, USA) according to the manufacturer’s 

instructions. 
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Figure 24. Number of specimens tested for each mammal species. 
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5.2 Samples from ticks 

Archival DNA extracts from questing Ixodes ricinus tick collected from April to October 

2012 were examined. Briefly, ticks were collected in 4 sites within 3 parks of the Emilia-

Romagna region, in the hilly area of the Apennines, where autochthonous HVL and CanL 

have been described (Fig. 25) (Mollicone et al., 2003; Varani et al., 2013). 

 

Ticks were sampled every 15 days by continuously flagging a 1 m2 white cotton cloth, 

from transects of 20 m along the uphill side of the pathways, usually reported as having 

higher tick density than the downhill side, while the picnic areas were flagged completely 

as described in detail by Aureli et al. (2015). The ticks were preserved in 70% ethanol at room 

temperature and morphological identification was performed following Manilla (1998) and 

Iori et al. (2005). Ticks were processed for DNA extraction as described by Aureli et al. (2015) 

as follows: individual adults and pools consisting of either 5 nymphs or 10 larvae. 

Figure 25. Map of the four sampling sites distributed in three parks of Emilia—Romagna region. Gessi Bolognesi and 

Calanchi dell’Abbadessa Park: 1 Ca’ de Mandorli and 2 Ciagnano. Monteveglio Abbey Park site: 3; Carnè Park site 4. Park 

borders are marked with black lines. 

  = Active foci of human visceral leishmaniasis in Valsamoggia and Pianoro (VL single cases have been reported along the 

whole foothill side). 
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Overall, 236 DNA extracts from 7 females, 6 males, 72 nymphs pools (i.e., 380 nymphs) 

and 151 larvae pools (i.e., 1510 larvae) were analyzed. 

 

5.3 Real-time PCR 

The presence of Leishmania spp. was assessed with a highly sensitive real-time PCR 

targeting a 71-bp region of minicircle kinetoplast DNA using primer pair Leish71Up (5′-

CCAAACTTTTCTGGTCCTYCGGGTAG-3′) and Leish71Do (5′-

TGAACGGGATTTCTGCACCCATTTTTC-3′) (Tsakmakidis et al., 2017), designed on the 

CSB of the minicircles (Fig 26). 

Reactions were carried out in a total volume of 20 μL with 10 μL of PowerUP™ SYBR™ 

Green master mix (2X), 0.3 μM of each primer and 2 μL of DNA. The thermal cycling profile 

was adapted to the degraded samples increasing the initial denaturation early described by 

Tsakmakidis et al., 2017. The amplification was performed in StepOnePlus Real-Time PCR 

System (Applied Biosystems) and the thermal cycling profile was as follows: 95 °C for 5 min, 

followed by 40 cycles at 95 °C for 5 s., 60 °C for 30 s. At the end of the amplification, a melting 

curve analysis was performed from 60 °C to 95 °C, with a slope of 0.3 °C to monitor primer 

dimers of non-specific product formation. Each sample was amplified in triplicate; the 

average temperature of melting (Tm) observed was 79.39±0.15 °C. 

Figure 26. Annealing sites of the primers on the minicircle of L. infantum. 
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The standard curve was created with serial dilution of L. infantum DNA ranging from 

10,000 to 0.1 parasites per reaction. Each reaction was carried out by three replicates per 

dilution, in three independent experiments. The ct value cut-off was settled at mean ct value 

of 39.3 which corresponds to 1 parasite per mL of the original parasite suspension. 

As a positive control the reference strain L. infantum MHOM/TN/80/IPT1, kindly 

provided by the Unit of Clinical Microbiology, Regional Reference Centre for 

Microbiological Emergencies (CRREM), St. Orsola-Malpighi University Hospital, Bologna, 

Italy, was used. 

Sample Size Calculator (https://www.calculator.net/sample-size-calculator.html) was 

used to calculate 95% confidence intervals for the observed prevalence values. 
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5.4 Nested PCR 

Samples of the mammals that tested positive to the real-time PCR were subjected to strain 

identification by a newly developed nested PCR to overstep the degradation of the samples 

(Magri et al., 2022). In a previous study, the discrimination of L. infantum strains circulating 

in the Emilia-Romagna region was based also on the one-step amplification of the gene 

encoding cysteine protease B (cpB), featuring a 39-nt indel (Rugna et al., 2017). However, 

application of this strategy to tissue samples resulted in the multiple PCR by-products 

originating from host DNA and preventing diagnosis of Leishmania infection. To overcome 

this problem, a nested PCR protocol was developed by adding a second pair of primers 

annealing within the amplicon produced at the first amplification stage. 

 

As already mentioned, the L. infantum genome contains multiple copies of cpB gene, of 

which only one varies as described above. This copy has a distinct sequence at the 3' end 

allowing its specific amplification. The cpB sequences were retrieved from GenBank 

(accession numbers: AJ628943, AY896776, AY896777, AY896778, AY896780, AY896782, 

AY896791, EU637907, GQ302670, GQ302671, GQ302674, GQ856074, JN400122-JN400131, 

Figure 27. Alignment of partial cpB gene sequences of L. infantum demonstrating the annealing sites of the primers and the 

position of the indel. The target gene variant highlighted in the strains JPCM5 and Drep13 is shown along with a non-target 

variant of the strain JPCM5 (XM_ 001463394, JN400127 and XM_003392190, respectively). Dashes show the 

characteristic deletion allowing strains discrimination. The PCR products obtained from XM_001463394 and JN400127 are 

classified as cbpE and cbpF genotypes, respectively when amplified with the external primers (in blue), or as S and L 

genotypes when amplified with the internal primers (in green). 
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XM_001463394). For the first round of PCR, previously reported primers cpbEFF (5'-

GTTATGGCTGCGTGGCTTG-3') and cpbEFR (5'-CGTGCACTCGGCCGTCTT-3') were 

used (Zackay et al., 2013). For the second round, a new primers pair was designed using 

Geneious Prime (Dotmatics, Boston, USA) software: cpbt1 (5'-

TGTCCAGCATGCCTCACAAGA-3') and cpbt2 (5'-CCAGCTCCTTCATGTCTTACCA-3') 

(Fig. 27). 

Reactions were carried out in a total volume of 25 μl with 12.5 μl of PCRBIO Taq Mix Red 

(PCR Biosystems Ltd, London, UK), 0.3 μM of each primer and 2 μl of DNA in the first 

round and 1.5 μl of template in the second round. For both rounds, amplification was 

performed as follows: initial denaturation 94 °C for 4 min., followed by 30 cycles 94 °C for 

15 sec., 55 °C for 30 sec., 72 °C for 1 min. and 72 °C for 5 min. final elongation. As a positive 

control, the reference strain L. infantum MHOM/TN/80/IPT1 was used. The amplified 

fragments were separated on a 1.5% agarose gel stained with Midori Green Advance 

(Nippon Genetics Europe, Düren, Germany). The fragment lengths were 281 bp (long – L 

variant, no deletion) or 242 bp (short – S variant, deletion) (Fig. 28). 

The identity of the PCR products was confirmed by sequencing four samples (two L and 

two S). The obtained sequences were submitted to GenBank under accession numbers 

OP186448-OP186451. 

  

Figure 28. Nested PCR detection of the L and S genotypes of L. infantum. The 100-bp ladder (Thermo Fisher 

Scientific, Waltham, USA) is on the left. Lane “0” is a negative amplification control. 



 62 

  



 63 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Chapter 6 

 

Autochthonous Trypanosoma spp. in European Mammals: A Brief Journey 

amongst the Neglected Trypanosomes 

 

 
Magri A., Galuppi R., Fioravanti M. (2021). Autochthonous Trypanosoma spp. in European 

Mammals: A Brief Journey amongst the Neglected Trypanosomes. Pathogens, 10(3): 334. 

https://doi.org/10.3390/pathogens10030334.  

https://doi.org/10.3390/pathogens10030334


 64 



 65 



 66 



 67 



 68 



 69 



 70 



 71 



 72 



 73 



 74 



 75 



 76 



 77 



 78 



 79 



 80 



 81 



 82 

  



 83 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Chapter 7 

 

Detection of Leishmania sp. kDNA in questing Ixodes ricinus (Acari, 

Ixodidae) from the Emilia-Romagna Region in northeastern Italy 

 

 

Magri A., Caffara M., Fioravanti M., Galuppi R. (2022) Detection of Leishmania sp. kDNA in 

questing Ixodes ricinus (Acari, Ixodidae) from the Emilia-Romagna Region in northeastern 

Italy. Parasitology Research, 121(11): 3331-3336. https://doi.org/10.1007/s00436-022-07655-9. 

  

https://doi.org/10.1007/s00436-022-07655-9


 84 



 85 

 



 86 



 87 



 88 



 89 

  



 90 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 91 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Chapter 8 

 

Survey on the presence of Leishmania sp. in peridomestic rodents from the 

Emilia-Romagna Region (North-Eastern Italy) 

 

 
Magri A., Galuppi R., Fioravanti M., Caffara M. (2022). Survey on the presence of Leishmania 

sp. in peridomestic rodents from Emilia-Romagna region (North-Eastern Italy). Veterinary 

Research Communication. https://doi.org/10.1007/s11259-022-09925-4  

https://doi.org/10.1007/s11259-022-09925-4


 92 

   

 

 

 

 

 

 

This is the peer reviewed version of the following article: 

 

Magri A., Galuppi R., Fioravanti ML., Caffara M. (2022). Survey on the 

presence of Leishmania sp. in peridomestic rodents from Emilia-Romagna 

region (North-Eastern Italy). Veterinary Research Communication. 

doi:10.1007/s11259-022-09925-4 

 

which has been published in final form at: 

https://doi.org/10.1007/s11259-022-09925-4 

 

This article may be used for non-commercial purposes in accordance with 

Springer Terms and Conditions for Use of Self-Archived Versions. 

https://doi.org/10.1007/s11259-022-09925-4


 93 

Survey on the presence of Leishmania sp. in peridomestic rodents from the 1 

Emilia-Romagna Region (North-Eastern Italy) 2 

Alice Magri *, Roberta Galuppi, Marialetizia Fioravanti and Monica Caffara 3 

Department of Veterinary Medical Sciences – Alma Mater Studiorum University of Bologna, 4 

Ozzano Emilia (Bologna, Italy) 5 

*Correspondence: alice.magri3@unibo.it 6 

RG: roberta.galuppi@unibo.it 7 

MF: marialeti.fioravanti@unibo.it  8 

MC: monica.caffara@unibo.it 9 

 10 

 11 

Abstract 12 

Leishmaniasis is a neglected vector-borne parasitic disease caused in Italy only by the 13 

species Leishmania infantum of the Leishmania donovani complex, which is the causative agent 14 

of the zoonotic visceral leishmaniasis (VL), and the sporadic cutaneous leishmaniasis (CL) 15 

in humans, and of the canine leishmaniasis (CanL). The disease is considered endemic in 16 

southern, central, and insular Italian regions and recognizes phlebotomine sand flies as 17 

vector and dogs as main reservoir. However, a specific north-eastern region, namely Emilia-18 

Romagna, always showed a peculiar epidemiological situation when compared to the other 19 

northern Italian regions and recent studies are indeed questioning the role of dog as main 20 

reservoir of L. infantum. Due to their synanthropic relationship with humans, rodents have 21 

been tested for Leishmania spp. in several European countries. The aim of this study was to 22 

assess the presence of Leishmania spp. in peridomestic rodents in the Emilia-Romagna 23 
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Region. The study was carried out on 136 peridomestic rodents collected by professional 24 

rodent control services: 47 brown rats (Rattus norvegicus), 39 black rats (Rattus rattus) and 50 25 

mice (Mus musculus). Specimens of earlobe skin, spleen, liver and prescapular lymph nodes 26 

were tested with a real-time PCR. Fifteen (11 %) rodents, tested positive for L. infantum. 27 

Positivity was obtained from different target organs; notably 33% of the rodents tested 28 

positive in earlobe skin samples. These findings revealed the presence of Leishmania spp. in 29 

peridomestic rodents of the Emilia-Romagna Region, also in two species never tested before 30 

in Italy, namely R. norvegicus and M. musculus. 31 

Keywords: Leishmaniasis, Italy, Mus musculus, Rattus norvegicus, Rattus rattus 32 

  33 
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Background 34 

Leishmaniasis is a neglected vector-borne parasitic disease endemic in southwestern 35 

Europe. With reference to Italy, Leishmania infantum of the Leishmania donovani complex is 36 

the only species responsible for visceral leishmaniasis (VL), for sporadic cutaneous 37 

leishmaniasis (CL) in humans and for canine leishmaniasis (CanL) (Gramiccia and Gradoni 38 

2005; Rugna et al. 2018). The parasite is transmitted by phlebotomine sand flies, and in Italy 39 

dogs have long been recognized as the major reservoir in southern, central and insular 40 

regions, where the disease is considered endemic. Among the northern Italian regions, 41 

Emilia-Romagna has always had a different epidemiological scenario: CL has been widely 42 

reported since 1934, and between 1950-1958 up to 2,670 cases were diagnosed in the 43 

province of Forlì (Pampiglione 1975). In contrast, until the early 1970’s, in this region VL 44 

appeared sporadically, with only 4 autochthonous cases observed, one in the province of 45 

Bologna and 3 in the province of Forlì. In the same period and within the same area, no 46 

ascertained autochthonous cases of CanL were reported (Pampiglione 1975). In 1971-1972, 47 

in two municipalities of Bologna province located in a foothill area a dramatic outbreak of 48 

VL was reported, involving 60 patients with a lethality of 21.7% (Pampiglione 1975). Since 49 

then, the geographic distribution of human and canine leishmaniasis has notably increased 50 

and the disease spread even in other regions of northern Italy, where many autochthonous 51 

cases of VL, CL and CanL have been reported (Gaspari et al. 2017; Mendoza-Roldan et al. 52 

2020). This epidemiological change may be due to environmental issues, occurrence of 53 

competent insect vectors and movement of infected dogs from endemic areas (Santi et al. 54 

2014). However, such changes might not be sufficient to explain the recurrent VL and CL 55 
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foci recorded in Emilia-Romagna Region (Gaspari et al. 2017), especially considering that 56 

molecular studies carried out on strains isolated from autochthonous cases of VL are 57 

questioning the role of dogs as reservoirs of L. infantum in this region, as earlier suggested 58 

(Pampiglione 1975; Rugna et al. 2018).  59 

The role of wildlife has long been recognized as crucial in the transmission and maintenance 60 

of zoonotic agents and several sylvatic species are known to be susceptible to leishmaniasis. 61 

Considering their synanthropic relationship with humans and their abundance the role of 62 

rodents as possible leishmaniasis reservoirs has been questioned in different European 63 

countries (Alcover at al. 2021). Several studies established the presence of L. infantum in 64 

these hosts in Greece (Papadogiannakis et al. 2009; Tsakmakidis et al. 2017), Portugal 65 

(Helhazar et al. 2013) and Spain (Navea-Pérez et al. 2015; Galán-Puchades et al. 2019; 66 

Martín-Sánchez et al. 2020).  67 

In Italy, a study performed in Sicily detected L. infantum by PCR in 45% of black rats, even 68 

if in this region the role of the dog as reservoir has been well established (Di Bella et al. 69 

2003). However, a study performed in Montecristo Island (Tuscany), revealed the presence 70 

of L. infantum in the 15.5% of rodents examined, even in the absence of domestic carnivores 71 

(Zanet et al. 2014). 72 

The aim of this survey was to assess the presence of Leishmania spp. in peridomestic rodents 73 

collected in the Emilia-Romagna Region, Italy. 74 

 75 

 76 

 77 
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Materials and Methods 78 

From June 2019 to June 2021, 136 peridomestic rodent carcasses were sampled during pest 79 

control programs from the provinces of Ferrara, Forlì-Cesena and Ravenna (Emilia 80 

Romagna) (figure 1): 47 brown rats, Rattus norvegicus (20 females and 27 males), 39 black 81 

rats, R. rattus (21 females and 18 males), 50 mice, Mus musculus (22 females and 28 males) 82 

were collected from the territory by professional rodent control services and stored at -20 83 

°C before processing.  84 

The entire carcass was examined; species, sex and age classes were identified by 85 

morphological and metrical evaluation (CDC). Necropsies and samples collection were 86 

performed with sterile surgical instruments and when possible, according to the state of the 87 

carcasses, 25 mg of tissue were collected from earlobe skin, prescapular lymph node and 88 

liver, and 10 mg from the spleen (Helhazar et al. 2013). Due to the corruption of the remains, 89 

lymph nodes were not collected from 16 subjects. Samples were placed in sterile 1.5 ml tubes 90 

and stored at -20 °C.  91 

DNA extraction was performed with PureLink® Genomic DNA Mini Kit (Invitrogen, 92 

ThermoFisher Scientific) following the manufacturer’s instructions. For DNA amplification 93 

a real-time PCR protocol was performed targeting a 71-bp region of the minicircle 94 

kinetoplast DNA using primer pair Leish71Up (5’-95 

CCAAACTTTTCTGGTCCTYCGGGTAG-3’) and Leish71Do (5’-96 

TGAACGGGATTTCTGCACCCATTTTTC -3’) (Tsakmakidis et al. 2017). Reactions were 97 

carried out in a total volume of 20 μL with 10 μL of PowerUP™ SYBR™ Green master mix 98 

(2X), 0.3 µM of each primer and 2 µL of DNA. The amplification was performed in 99 
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StepOnePlus Real-Time PCR System (Applied Biosystems) and the thermal cycling profile 100 

was as follows: 95 °C for 5 min, followed by 40 cycles at 95 °C for 5 sec., 60 °C for 30 sec. At 101 

the end of the amplification, a melting curve analysis was performed from 60 °C to 95 °C, 102 

with a slope of 0.3 °C to monitor primer dimers of non-specific product formation. Each 103 

sample was amplified in triplicate, the average temperature of melting (Tm) observed was 104 

79.39 ± 0.15 °C and the average standard deviation observed in cts was 0.65. The standard 105 

curve was created with serial dilution of L. infantum DNA ranging from 10,000 to 0.1 106 

parasites per reaction. Each reaction was carried out by three replicates per dilution, in three 107 

independent experiments. The ct value cut-off was settled at mean ct value of 39.3 which 108 

corresponds to 1 parasite per mL of the original parasite suspension. 109 

As a positive control the reference strain L. infantum MHOM/TN/80/IPT1, kindly provided 110 

by the Unit of Clinical Microbiology, Regional Reference Centre for Microbiological 111 

Emergencies (CRREM), St. Orsola-Malpighi University Hospital, Bologna, Italy, was used. 112 

Confidence intervals were calculated by R Studio (RStudio Team 2020). 113 

Results and Discussion 114 

Out of 136 subjects examined, 15 (11 %; 95% CI=5.7-16.3) were positive for Leishmania spp. 115 

In particular, 10.6% (95% CI=1.8-19.4) of brown rats, 12.8% (95% CI=2.5-23.7) of black rats 116 

and 10% (95% CI=1.7-18.3) of mice (Table 1). Of the five positive mice, three tested positive 117 

in two target organs - spleen and earlobe skin or spleen and liver or spleen and lymph nodes 118 

- the remaining two subjects tested positive only in lymph nodes or liver, respectively. The 119 

geographical distribution of the positive subjects appears homogeneous between the 120 

sampled sites (figure 1).  121 
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The present survey assessed the presence of Leishmania spp. in synanthropic rodents of the 122 

Emilia-Romagna Region. The conditions settled by the WHO (2010) for a species to be 123 

recognized as reservoir is the prevalence of infection > 20% and the availability of the 124 

parasite in blood and skin in sufficient amount to be ingested by a sand fly. In the 125 

Mediterranean area such conditions were globally assessed only for M. musculus, while R. 126 

norvegicus and R. rattus showed lower prevalence of infections (16.4% and 9.9%, 127 

respectively) (Alcover et al. 2021).  128 

The prevalence values observed in the current study are below the average found in 129 

Portugal or Spain (Barcelona) where the 33.3% of examined rodents (M. musculus and R. 130 

norvegicus, Helhazar et al. 2013; R. norvegicus, Galán-Puchades et al. 2019) resulted positive, 131 

or the one reported in Granada (Spain) in mice (88.9%) (Martín-Sánchez et al. 2020) or in 132 

different rodent species (R. rattus, M. musculus and Apodemus sylvaticus) (27%) by Navea-133 

Pérez et al. (2015), whilst it is higher than the prevalence observed in brown rats (5.9%) in 134 

Greece (Papadogiannakis et al. 2009). Further studies performed in Greece by Tsakmakidis 135 

et al. (2017) on spleen of R. norvegicus, R. rattus and M. musculus revealed a prevalence of 136 

19.58% comparable to the one herein reported. The majority of the studies evaluated the 137 

presence of the parasite in more than one target organ including skin, liver, spleen and blood 138 

(Helhazar et al. 2013; Martín-Sánchez et al. 2020; Navea-Pérez et al. 2015; Tsakmakidis et al. 139 

2017) while few studies examined only the spleen as target organ (Galán-Puchades et al. 140 

2019; Papadogiannakis et al. 2009). Testing more than one target tissue allow to increase the 141 

possibility to detect Leishmania spp. as observed also in our study. Three M. musculus here 142 

examined showed the presence of the parasite DNA in two different target organs (spleen 143 
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+ lymph nodes and spleen + liver). Although the spleen is traditionally recognized as 144 

Leishmania spp. target organ for PCR in different animal species (Papadogiannakis et al. 145 

2009), our results showed the presence of Leishmania spp. in the earlobe skin samples from 146 

33 % of the positive rodents pointing out that this tissue should be also considered. In fact, 147 

wild animals are frequently collected in decomposition state and the putrefaction of the 148 

target tissues, like visceral organs, may affect the integrity of the kinetoplast DNA (Mũnoz-149 

Madrid et al. 2013). 150 

In Italy, the role of black rats in the transmission of L. infantum has long been investigated, 151 

starting from surveys performed in Tuscany in the 1980’s (Pozio et al. 1985). Further studies 152 

showed that Phlebotomus perniciosus and P. perfiliewi are attracted to R. rattus and that these 153 

sand fly species become infected when they feed on black rats experimentally infected with 154 

L. infantum (Pozio et al. 1985). More recent study carried out in Calabria (Italy) by Di Bella 155 

et al. (2003) showed 45% positivity in the spleen of 22 R. rattus although in this region the 156 

role of dogs as reservoirs has long been established. Zanet et al. (2014), reported 15.5% 157 

prevalence in black rats examined in the Montecristo Island (Tuscany, Italy) where L. 158 

infantum was recorded even in absence of domestic carnivore hosts. This value is similar to 159 

the one (12.8%) obtained in the same host in our study, that moreover provided also data 160 

on R. norvegicus and M. musculus (10.6% and 10% respectively) species not previously tested 161 

for L. infantum in Italy.  162 

Leishmaniasis in Emilia-Romagna has a peculiar epidemiological scenario compared to the 163 

other Northern Italian regions. Recently Rugna et al. (2018), by Multilocus Microsatellite 164 

Typing (MLMT) detected differences between Leishmania strains from men and sand flies to 165 
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the ones from dogs. The MLMT profiles showed all canine samples belonged to one group 166 

genetically related to Mediterranean MON-1 strain and similar to the VL samples from other 167 

Italian regions, while all but one VL Emilia-Romagna case, and the isolates from sand fly 168 

fell into a different group. Therefore, in this region the co-circulation of two distinct groups 169 

of L. infantum seems to occur, and the VL in humans could have different cycles involving 170 

P. perfiliewi as a vector (Rugna et al. 2018; Calzolari et al. 2019) and might include other 171 

vertebrates, besides dogs, as reservoirs. 172 

In two of the three provinces studied, Ravenna and Forlì-Cesena, foci of VL, usually located 173 

in hilly areas, were historically described. The rodent samples analyzed were collected in 174 

an area not higher than 50 m above sea level, where the density of phlebotomines is scant 175 

and, according to leishmaniasis regional control plan, in 2020 only CL cases have been 176 

reported (Santi et al. 2021). Further research should focus on studying which strains 177 

circulate in this area. 178 

Also notable is the presence of a positive brown rat in the province of Ferrara, where 179 

autochthonous cases of leishmaniasis in both dogs and humans have never been recorded: 180 

the specimen was collected in a locality on the border between the provinces of Ferrara and 181 

Ravenna where the phlebotomine population is recorded as being moderate (Santi et al. 182 

2021). This finding, considering the consistent increase in geographical distribution of the 183 

disease and its vector, will require further investigation. 184 

L. infantum is a vector-borne parasite and in its epidemiology many mammal species are 185 

involved, hence identifying which one may act as a reservoir in the Emilia-Romagna Region 186 

is an ambitious task due to the presence of different environments i.e. hilly or flatlands and 187 
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different distribution of sylvatic and peridomestic animals, which may possibly be involved 188 

in the parasite cycle. Even if the presence of the parasite in mammalian hosts is crucial, in 189 

order to fully understand his meaning as main reservoir or epiphenomena it should be 190 

associated with studies on the blood preferences of the phlebotomine vector. 191 

The total prevalence observed in the present study (11%), despite being lower to the one 192 

required from WHO (2010) to establish a role of reservoir is comparable to the 193 

Mediterranean’s one. As reported in previous studies, this value is far from being trivial: 194 

considering their close relationship with humans, their ability to colonize new environments 195 

and their impact on human health, rodents should not be neglected for their potential role 196 

in the transmission of Leishmaniasis, especially in urban areas (Alcover et al. 2021).  197 

Although these preliminary findings are not sufficient to prove the role of peridomestic 198 

rodents as reservoirs of L. infantum, they nevertheless indicate the opportunity to further 199 

investigate their possible role in the epidemiology of different strains of L. infantum 200 

circulating in the Emilia-Romagna Region. 201 
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 Table 1: Real time PCR positive samples 

Legend: Ct values are reported as mean ct of observed in different target organs with the estimated quantity of parasites/ml (mean 

standard deviation observed ±0.65). Localities are as well reported with reference to the province: Ferrara (FE), Forlì-Cesena (FC) 

and Ravenna (RA).  

ID Specimen Locality 
Real-Time PCR 

Earlobe Skin Spleen Liver Lymph Node 

57 Mus musculus Bizzuno (RA) ct= 32.7 (87) ct= 29.68 (676) Negative NA 

59 Mus musculus Bizzuno (RA) Negative ct= 30.77 (316) ct= 31.97 (143) NA 

67 Mus musculus Bizzuno (RA) Negative Negative Negative ct= 33.61 (47) 

98 Mus musculus S. Alberto (RA) Negative ct= 36.71 (5.8) Negative ct= 37.07 (4.5) 

111 Mus musculus Bizzuno (RA)) Negative Negative ct= 35.9 (10) Negative 

4 Rattus norvegicus Ravenna (RA) ct= 34.25 (30.9) Negative Negative Negative 

86 Rattus norvegicus Godo (RA) Negative Negative ct= 36.47 (6.8) Negative 

141 Rattus norvegicus Ravenna (RA) ct= 37.75 (2.9) Negative Negative Negative 

175 Rattus norvegicus Forlì (FC) Negative Negative ct= 36.27 (7.8) Negative 

178 Rattus norvegicus Argenta (FE) Negative Negative ct= 36.67 (5.8) Negative 

37 Rattus rattus Forlì (FC) Negative ct= 36.47 (6.8) Negative Negative 

60 Rattus rattus San Pietro in Campiano (RA) ct= 36.86 (6.2) Negative Negative Negative 

95 Rattus rattus Montaletto di Cervia (RA) Negative ct= 37.44 (6.2) Negative Negative 

179 Rattus rattus Montaletto di Cervia (RA) Negative Negative Negative ct= 36.63 

206 Rattus rattus Longastrino (RA) ct= 37.89 (2.6) Negative Negative Negative 
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Figure 1. Map of the sampling area in the Emilia-Romagna Region. Dots are representative for sampling sites; red dots: at least one 

specimen positive, yellow dots: all the specimen negative. 
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Chapter 9 

 

Roe deer (Capreolus capreolus) is a novel potential reservoir for human 

visceral leishmaniasis in Emilia-Romagna region of Northeastern Italy 
 

 

Magri, A., Bianchi, C., Chmelová, L., Caffara, M., Galuppi, R., Fioravanti, M., 

Yurchenko, V., Kostygov, A.Y. (2022a). Roe deer (Capreolus capreolus) are a novel 

potential reservoir for human visceral leishmaniasis in the Emilia-Romagna region of 

northeastern Italy. International Journal for Parasitology, 
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General Discussion 

 

This PhD project aimed to give new insights into a question that was raised from 

the first report of human visceral leishmaniasis (HVL) in Emilia-Romagna region: is 

the dog really the only reservoir of Leishmania infantum in this region? Therefore, in 

concert with other Italian institutions, such as CREEM (Centro di Riferimento 

Regionale per Emergenze Microbiologiche), and regional Istituti Zooprofilattici 

Sperimentali (State Veterinary Institutes of the Italian Ministry of Health), this project 

aimed to understand the role of wild and synanthropic mammals in the epidemiology 

of L. infantum, also taking into account the results of studies on blood meal preferences 

of local phlebotomine populations conducted by the colleagues of the IZS of Reggio 

Emilia which indicated a preference for roe deer in sandflies collected in areas with 

active HVL (Calzolari et al., 2022). 

To achieve this aim, several critical points had to be overcome. 

A first relevant critical issue was to obtain biological material suitable for the 

analyses from a significant number of different wild and synanthropic mammals, even 

if several meetings were held with pest control services, selection hunters and 

volunteer park rangers to arrange the collection of carcasses and organs suitable for 

the studies. Concerning synanthropic rodents a huge effort was made at the beginning 

of the study to identify pest control services collecting carcasses using snap-traps, 

because of the common use of rodenticides that does not allow the later collection of 

the remains. For this reason, unfortunately, the only available material for our analyses 

were carcasses and organs collected and frozen by the pest control services. In view of 

this, it was not possible to isolate and establish a laboratory culture for further analysis. 

This made necessary to select a sensitive assay for the detection of the protozoa to 

overcome the problems arising from the state of conservation of the biological 

material. So, basing on literature (Tsakmakidis et al., 2017), a very sensitive real-time 

PCR assay was optimized and applied to the collected samples also when showing a 

poor state of conservation due to phenomena of initial decomposition. 
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As it is known that in the ER region two different L. infantum strains are currently 

circulating in human and canine populations (Rugna et al., 2017), to discriminate the 

strains of positive samples, a collaboration was undertaken with the Life Science 

Research Centre (Faculty of Science – University of Ostrava, Czech Republic), 

specialized in the research field on Trypanosomatids. Here, basing on the molecular 

studies previously conducted on the two strains present in ER (Rugna et al., 2017), a 

new nested PCR to discriminate the two strains even in biological samples (not only 

in parasite cultures) was developed. 

Concerning the results, of particular interest is the positivity for L. infantum of about 

a third of the examined roe deer at skin level; furthermore, most of them (10/11) 

harbored the strain (L) associated with HVL in the Emilia-Romagna region. This 

suggests that roe deer may represent a sylvatic reservoir of L. infantum in the region of 

interest, and in general for HVL, even if further data from surveys performed in other 

regions or Countries is required. This consideration is based on the fact that: (i) the 

parasite load, especially at skin level can reflect infectiousness in the natural life cycle 

(Courtenay et al., 2014); (ii) to serve as a reservoir, an animal species should have an 

infection prevalence over 20% (Roque and Jansen, 2014; Alemayehu and Alemayehu, 

2017) - in our study 33% of roe deer tested positive (Magri et al., 2022); (iii) the 

frequency of contacts with the vector has to be demonstrated (WHO, 2022) - and in ER 

a relevant presence of roe deer’s blood was found in the phlebotomine population 

(Calzolari et al., 2022). Taken together, all these findings suggest a possible role of roe 

deer in the epidemiology of L. infantum in the study area, even if probative evidence 

should be based on xenodiagnosis (Quinnell and Courtenay, 2009). 

The presence of L-strains was also observed in hedgehogs (3/4) and badgers (1/4). 

However, given the low number of samples examined, further studies will have to be 

conducted to establish whether these animal species can also represent possible 

reservoirs of L. infantum. 

The role of synanthropic rodents, such as black rats, brown rats, and mice in the life 

cycle of L. infantum in Emilia-Romagna should be carefully evaluated, since they tested 
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positive for both strains. In Greece and in Portugal, mice have been suggested as a 

potential reservoir of L. infantum (Helhazar et al., 2013; Tsakmakidis et al., 2017), and 

in Italy brown rats from Montecristo Island, where no wild or domestic carnivores are 

present, were found positive for L. infantum (Zanet et al., 2014). The present study 

reports the presence of L. infantum in 11% of the rodents examined, even in two species 

never tested before in Italy, namely M. musculus and R. norvegicus. Based on our 

findings, the rodents tested were positive for both L. infantum strains. Even if their role 

as reservoir of L. infantum in Emilia-Romagna is not sufficiently supported by the 

results of these researches, the finding of specimens positive to the L strain in the 

province of Ravenna, where autochthonous HVL cases have not lately been reported 

(Santi et al., 2021), could suggest their possible involvement in the epidemiology of 

leishmaniasis given their abundance and synanthropic relations with humans. 
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Closing Remarks 

 

Although the dog is considered the main reservoir of L. infantum causing HVL, 

different Countries are evaluating the potential role of other species in the 

epidemiology of this infection. In Europe the treatment of dogs and the use of 

prophylactic tools reduce the risk of transmission from dogs to humans, therefore the 

role of wild fauna should be carefully evaluated. 

Considering the objectives of the current project, the following results were 

achieved, while taking into due consideration the critical issues already highlighted in 

General Discussion. 

 The presence of Leishmania spp. was assessed in wild and synanthropic 

mammals collected nearby notified HVL cases or foci. The parasite was reported even 

in species never tested before in Italy, like R. norvegicus and M. musculus, or 

worldwide, like C. capreolus. Concerning roe deer, most of the positive specimens 

revealed the strain associated with HVL in Emilia-Romagna region. This, with the 

evidence of roe deer blood preferences of the sand flies from the same area is 

suggestive of their potential reservoir role, even though further studies should be 

aimed to assess if they can constitute a primary reservoir in the transmission to 

humans, to solve the conundrum of HVL in ER. The present study demonstrated the 

presence of L. infantum also in other wild and synanthropic mammals that could play 

a role in the transmission of the parasite in the ER. Also in this case, further studies are 

necessary to understand whether they can act as primary or secondary reservoir and 

give new insights on the epidemiological scenario of the ER (Magri et al., 2022a). 

 Concerning synanthropic rodents, even though the prevalence of infection here 

observed (Magri et al., 2022b) is not suggestive of a reservoir role, its value is 

comparable to the one reported in other Italian areas, also in absence of carnivores. 

Due to the close relationship of rodents with humans and their ability to colonize new 

environments, making not negligible their potential role in the transmission of 
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leishmaniasis, especially in urban and peri-urban areas, they should be monitored 

even in non-endemic areas. 

 During this PhD project a new nested PCR was developed thanks to the 

cooperation with the Life Science Research Centre of the University of Ostrava (CZ). 

This new assay is of great value because it can discriminate the two different strains L 

and S thanks to an indel region, without gene sequencing or parasite isolation, which 

can represent critical step especially in biological samples in not-optimal state of 

conservation collected from the territory (Magri et al., 2022a). 

 Epidemiological data concerning the spread of non-pathogenic trypanosomes 

were collected and reviewed. On a general note, due to their scant pathogenic effects 

on the host, these species are more frequently reported as occasional findings during 

parasitological surveys not specifically focused on trypanosomes and/or during the 

molecular diagnosis of other strictly related pathogens, such as Leishmania spp. 

Although accidental, such findings can provide useful information on the current 

epidemiological distribution of trypanosomatids in different geographical areas and 

hosts, with relevant implications also for the improvement of diagnostics (Magri et al., 

2021). 

 Concerning the possible Leishmania spp. vectors other than sand flies, the 

current project reports the first finding of the protozoa in questing Ixodes ricinus ticks 

collected from rural environment. kDNA was found in unfed larvae, nymphs and 

males supporting the hypothesis that, in ticks, Leishmania spp. could have transstadial 

and transovarian transmission. Obviously, the percentage of positive specimens 

observed in this study is lower than the one reported in brown ticks collected from 

infected dogs (Dantas-Torres, 2011), that showed higher values than sand flies (Latrofa 

et al., 2018). Albeit phlebotomines are the only proven Leishmania efficient vectors, I. 

ricinus could have a minor role in the transmission of L. infantum in the Emilia-

Romagna region, especially in a sylvatic or rural cycle (Magri et al., 2022c), although 

further and wider studies will be necessary to confirm this hypothesis. 
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Despite this three-years project has been developed in a difficult period, due to the 

COVID pandemic, several attainments were achieved. The initial difficulties were 

overcome, developing new useful molecular tools, and giving new insights into the 

role of wild and peridomestic mammals in the epidemiology of L. infantum, likewise 

to other European and Italian studies. To finally solve the conundrum of the 

epidemiology of HVL in the Emilia-Romagna region, further studies should be aimed 

to test a more significant number of animal specimens, to understand the circulation 

of different strains of L. infantum, and to perform other tests, such as xenodiagnoses, 

aimed at determining the infectiousness of positive wild and peridomestic mammals 

to vector sand flies, assessing their role as a potential reservoir in the ecology of L. 

infantum transmission in the Emilia-Romagna region. 
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Informative Flyer for Volunteer Park Rangers 
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Informative Flyer for Ungulate Selection Hunters 
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