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ABSTRACT 21 

Leishmaniosis in domestic ferrets (Mustela putorius furo) is a disease caused by 22 

Leishmania infantum, a parasite transmitted through the bite of an infected female 23 

phlebotomine sand fly. Among vertebrates, the dog is the primary domestic reservoir of 24 

the parasite; however, other domestic animals can be implicated such as cats. The first 25 

description of a clinical case of leishmaniosis in domestic ferrets was reported recently. 26 

As a result, new knowledge has been published including empirically based treatment 27 

protocols, confirmatory techniques to detect the presence of the parasite infection and 28 

seasonal variation in the antibodies against Leishmania in apparently healthy domestic 29 

ferrets. The most common clinical signs observed are enlargement of peripheral lymph 30 

nodes and skin lesions such as papular and/or ulcerative dermatitis. Additionally, the 31 

most frequent laboratory alterations seen are hyperproteinaemia with 32 

hyperglobulinaemia and biochemical analytes alterations depending on the affected 33 

tissue. Two different therapeutic protocols have been described to treat domestic ferrets 34 

with leishmaniosis: meglumine antimoniate plus allopurinol protocol or miltefosine plus 35 

allopurinol protocol. These treatment protocols seemed to be able to control the 36 

Leishmania infection, although the presence of xanthinuria could be detected. The 37 

susceptibility of domestic ferrets to Leishmania infantum, the clinical picture, treatment 38 

of infected animals and prevention are poorly understood, due to the scarcity of recent 39 

description in the literature. Different proposed diagnostic algorithms have been included 40 

for domestic ferrets with suspected leishmaniosis, clinically healthy domestic ferrets and 41 

animals as blood donors. In this sense, the present review provides updated data on 42 

scientific knowledge of leishmaniosis in ferrets. 43 
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1. INTRODUCTION 47 

Leishmaniosis is a zoonotic infection caused by Leishmania infantum, which mainly 48 

occurs with chronic clinical forms, and transmitted through the bite of infected females 49 

phlebotomine sand flies in Southern Europe. Dogs are considered the primary domestic 50 

reservoir of the parasite causing human visceral leishmaniasis. However, other animals 51 

including cats can be implicated as additional reservoir. 52 

In Tunisia, the first report of Leishmania infection in a dog was described in 1908 (Nicolle 53 

and Comte, 1908), whilst the first report of feline leishmaniosis (FeL) was described in 54 

1912 in Algeria (Sergent et al., 1912). Since then, the scientific information about L. 55 

infantum infection focused on dogs, and more recently in cats, has increased. One-56 

hundred-eight years after the first record of FeL, the first clinical case of leishmaniosis in 57 

a domestic ferret (Giner et al., 2020a) was published in Spain. However, the susceptibility 58 

of domestic ferrets (Mustela putorius furo) to L. infantum, the clinical pictures, 59 

management and treatment of infected animals are poorly understood, associated to the 60 

recent description in the literature. 61 

 62 

2. MATERIAL AND METHODS 63 

2.1 Search and eligibility criteria 64 

A bibliographic search was carried out in the database of Pubmed. The following 65 

combination of keywords was used/cross referenced: Leish* AND (control OR disease 66 

OR diagnosis OR epidem* OR infection OR one health OR reservoir OR transmission 67 

OR treatment) AND (ferret). Other inclusion criteria were the language (English) and date 68 

of publication (between January 1, 1990 and September 31, 2021). This review was 69 

carried out essentially based on guidelines outilined in the study published in Research 70 

Synthesis Methods (Polanin et al., 2019).  71 

                  



3. RESULTS AND DISCUSSION 72 

A total of 4 articles were included in this review. The number of domestic ferrets in all 73 

reported studies was 23. The most relevant information obtained is presented based on 74 

the following topics including epidemiology, clinical manifestations and laboratory 75 

abnormalities, diagnosis, treatment and prevention. 76 

3.1 Epidemiology 77 

There is a lack of clinical description of the disease and epidemiological information of 78 

the infection in terms of seroprevalence and prevalence rates. As in cats, the prevalence 79 

of infection in endemic areas should be considered lower compared to dogs, due to the 80 

lack of infection surveys and clinical descriptions of the disease. Cases of FeL have been 81 

reported and described in several countries in Europe, South America, the US and Asia 82 

(Pereira and Maia, 2021).  These cases have been described from traditionally endemic 83 

areas of canine leishmaniosis (CanL) where sand fly transmission can occur during most 84 

parts of the year, and the main mode of transmission route is through the bite of the 85 

infected female sand fly to human or animals. 86 

Other non-vectorial transmission routes have not been described; however, it is possible 87 

to detect the presence of Leishmania spp. DNA in peripheral blood samples obtained 88 

from a clinically affected domestic ferret (Giner et al., 2020a), transfusion-transmitted 89 

leishmaniosis should be taken account in this species as well as it can occur in humans 90 

and dogs.  91 

Leishmaniosis in domestic ferrets could be underdiagnosed because of lack of specific 92 

commercially available confirmatory techniques for domestic ferrets to detect the 93 

infection and the scarce clinical description of the disease. Immune response could be 94 

playing an important role in terms of susceptibility/resistance to L. infantum infection. In 95 

domestic ferrets with leishmaniosis, the presence of concurrent diseases was reported 96 

in a clinical case associated with impaired immune response (Giner et al.,2020b), whilst 97 

                  



a second clinical case was not associated with concurrent immunosuppressive 98 

conditions (Giner et al., 2021a). In this regard, it is possible that the immune response 99 

elicited against the parasite in domestic ferrets was similar to that of dogs (Ordeix et al., 100 

2019) and cats with L. infantum specific IFN-γ production (Priolo et al., 2017) 101 

Although dogs are the most important hosts of the parasite, domestic ferrets could be 102 

among the potential domestic reservoirs for L. infantum. However, conducting research 103 

is necessary for the evaluation of the infectiveness of domestic ferret with leishmaniosis 104 

to sand flies based on xenodiagnosis. Further studies are necessary to elucidate their 105 

epidemiological roles (Giner et al., 2020a; Giner et al., 2021a). 106 

 107 

3.2 Clinical manifestations and laboratory abnormalities 108 

Domestic ferret leishmaniosis is a multiorgan disease that affects different organs and 109 

tissues with the presence of non-specific clinicopathological abnormalities detected and 110 

clinical signs observed in two clinical cases at the moment. The more relevant clinical 111 

manifestation found in these domestic ferrets is skin lesions which could be detected 112 

along with other laboratory abnormalities (Giner et al., 2020a; Giner et at al., 2021a). 113 

One domestic ferret presented a nonpruritic erythematous and an edematous papular 114 

painless skin lesion on the right ear pinna compatible with papular dermatitis or nodular 115 

lesion associated to the inoculation site. The other domestic ferret presented a 116 

nonpruritic ulceration of the lower lip.  In both cases, a severe chronic diffuse 117 

pyogranulomatous dermatitis was detected by histological examination.  In this sense, 118 

leishmaniosis could induce in domestic ferrets a pyogranulomatous and granulomatous 119 

inflammation, being necessary to rule out other causes. 120 

In the first clinical case reported, no other apparent clinical signs were detected. 121 

However, an immunosuppressive status and elevation of the parasitic load was related 122 

to immunosuppressive therapy. Furthermore, Leishmania infection probably could 123 

                  



exacerbate the immunosuppression status of the patient because cryptosporidiosis with 124 

intestinal and pulmonary signs was detected several months after Leishmania infection 125 

had been confirmed (Giner et al., 2020b).  In the second clinical case, other clinical signs 126 

detected were peripheral lymphadenomegaly and splenomegaly.  127 

There is a published case report about clinical leishmaniosis in another animal belonging 128 

to the same carnivorous mammals’ family, Mustelidae, a captive Eurasian otter (Lutra 129 

lutra) with epistaxis and non-specific clinical signs such as anorexia, apathy, and weight 130 

loss (Cantos-Barreda et al., 2020). 131 

Hyperglobulinemia was the most common laboratory abnormality detected in both 132 

domestic ferrets as well as in the captive Eurasian otter leishmaniosis clinical case. 133 

Clinical leishmaniosis should be considered in the differential diagnosis of 134 

hyperglobulinemia in domestic ferrets, a clinicopathological abnormality usually 135 

associated with a variety of infections in this species including systemic mycoses, viruses 136 

and finally certain neoplasia (Melillo, 2013). Serum protein electrophoresis is a crucial 137 

biochemical technique used for the investigation of a normal distribution of serum protein 138 

fractions (albumin, α-1, α-2, β-1, β-2 and γ fraction). In small animal veterinary medicine, 139 

different serum protein electrophoresis patterns could be detected, from normal pattern 140 

to acute-phase protein responses, polyclonal gammopathies, oligoclonal gammopathies 141 

or also called restricted polyclonal gammopathies and finally monoclonal or 142 

paraproteinemias. In canine leishmaniosis, three different gammopathies patterns are 143 

associated to the disease including polyclonal, oligoclonal, biclonal or monoclonal 144 

gammpathy, being the polyclonal pattern, the most common gammopathy detected 145 

(Paltrinieri et al., 2016). 146 

 147 

Furthermore, another laboratory finding detected in one of the patients was a high serum 148 

enzymes activity including alanine aminotransferase, alkaline phosphatase and gamma-149 

                  



glutamyl transferase. The cause of the elevation of these liver parameters and whether 150 

these were related to leishmaniosis as occurs occasionally in dogs (Villanueva-Saz, et 151 

al., 2020) cannot be determined because liver biopsies were not obtained in the domestic 152 

ferret. Bile culture and abdominal ultrasound were performed in the domestic ferret of 153 

this report with negative results; however, the favourable response to anti-Leishmania 154 

treatment could be considered as indirect indicator that Leishmania parasites might have 155 

some role in the pathogenesis of the hepatic disease. 156 

3.3 Diagnosis 157 

The same confirmatory techniques to detect the presence of L. infantum infection in dogs 158 

and cats can be available for domestic ferrets. Parasitological methods include all 159 

confirmatory techniques with direct observation of the parasite such as cytology, where 160 

amastigotes can be found in infected macrophages. Cytological study from lymph nodes 161 

samples in case of lymphadenomegaly can confirm the presence of the Leishmania 162 

parasite.  Other tissues such as bone marrow are not always accessible in domestic 163 

ferrets due to the small size of the patient. Histology (Figure 1) and histopathological 164 

evaluation are recommended in cases where cytology of the lesions is classified as a 165 

negative result for the presence of Leishmania amastigotes. The presence of 166 

granulomatous inflammation pattern in absence of intracellular Leishmania amastigotes 167 

should be evaluated considering specific immunohistochemistry using a hyperimmune 168 

serum obtained by experimental animal immunized with L. infantum antigen due to the 169 

lack of commercial specific primary antibodies to be used in the immunohistochemical 170 

diagnosis of leishmaniosis (Figure 2). 171 

Culture and Leishmania isolation are another parasitological method that can be used 172 

and different types of media can be employed, being the most common the biphasic 173 

Novy-McNeal-Nicolle medium (NNN) and the Schneider´s medium. The NNN is a culture 174 

medium prepared preferably with rabbit blood and agar, although other blood from 175 

different animals can be used, whilst the liquid phase contains fetal calf serum, antibiotics 176 

                  



and other supplementary components necessary to produce a great number of 177 

promastigotes. By contrast, Schneider´s medium is a monophasic liquid medium 178 

prepared with different components, the most important medium being Schneider′s 179 

insect medium. (Castelli et al., 2014).  This type of diagnostic procedure requires special 180 

laboratories including trained personnel and class II biosafety cabinets, and two main 181 

disadvantages: the possibility of bacterial contamination of the medium and the time 182 

consuming for Leishmania species to be able to grow. Nevertheless, the isolation and 183 

subsequent positive Leishmania culture allows to establish the cause-effect relationship 184 

in the animal with leishmaniosis (Figure 3). 185 

Serology is a methodology based on the detection of specific anti-IgG antibodies against 186 

L. infantum using different techniques including ELISA, immunofluorescence antibody 187 

test (IFAT) and western blot (WB). When the disease is described for the first time in 188 

other species, it is necessary to establish the cut off setting. This cut off could be similar 189 

or different to other species such as dogs and cats. In domestic ferrets (Giner, 2020a) 190 

and cats (Iatta et al., 2020), cut off was set at 1:80 dilution for IFAT, whilst, in dogs was 191 

set from 1/20 to 1/160 (Santarém et al., 2020). In general, serological techniques must 192 

be adapted to the animal species, first, for example, using different FITC-conjugate for 193 

IFAT and then validated to evaluate diagnostic measures including sensitivity and 194 

specificity.  195 

Among serological tests to investigate Leishmania infection in cats, WB technique has 196 

the best diagnostic performance in terms of sensitivity (Persichetti et al., 2017; Alcover 197 

et al.,2021a). In cats infected with L. infantum, WB can detect different antigen bands 198 

including 14 kDa, 16 kDa, 18 kDa, 20 kDa, 24 kDa, 36 kDa and 46 kDa, the most frequent 199 

positive bands detected were 46 kDa and 16 kDa (Alcover et al.,2021). In particular, WB 200 

in domestic ferrets with clinical leishmaniosis presented reactivity against the 14 and/or 201 

16 kDa bands as described previously in cats (Giner et al., 2020a; Alcover et al.,2021a). 202 

                  



Recent evidence suggests that a variation in the anti-Leishmania antibodies can be 203 

detected during the sand fly transmission period and the following non sand fly 204 

transmission period in apparently healthy domestic ferrets in natural conditions 205 

(Villanueva-Saz et al., 2021). This fact is important from a point of sampling time due to 206 

the presence of apparently healthy seropositive domestic ferrets during the transmission 207 

period, making it necessary to reassess the serological status during the non-208 

transmission period to avoid unnecessary treatment based on antibody titers obtained 209 

during transmission period (Villanueva-Saz et al., 2021). Other factors that should be 210 

taken into account is the fact that serological methods should be validated to be used in 211 

domestic ferrets. For this purpose, two different steps should be carried out including a 212 

first step based on design, adaptation an preparation of the techniques and the second 213 

step with a field validation on a domestic ferret population, possibly with two 214 

subpopulations from endemic and non-endemic areas. Finally, serological methods for 215 

use in cats or dogs would give a negative result in seropositive domestic ferrets. 216 

The presence of Leishmania spp. DNA in different types of matrix (EDTA-blood, paraf-217 

fin-embedded tissue specimens, Whatman filter paper, bone marrow and lymph node 218 

fine-needle aspiration, among others) could be evaluated by real time PCR to deter-219 

mine the parasitic load (Giner et al., 2020a).  For a better diagnostic management, a 220 

combination of confirmatory techniques with different nature, including a qPCR tech-221 

nique and a quantitative serology, should be performed. 222 

In conclusion, the diagnosis of the disease in domestic ferrets is similar to dogs and cats. 223 

It requires the integration of the clinical picture and the laboratory abnormalities detected 224 

in the laboratory tests performed (complete blood count, complete biochemical profile, 225 

urinalysis and serum protein electrophoresis) together with a positive result of any of the 226 

confirmatory techniques described previously. In this sense, the diagnostic algorithm for 227 

domestic ferrets with suspected leishmaniosis is included (Figure 4). 228 

3.5 Treatment 229 

                  



The information on the treatment of domestic ferrets with leishmaniosis is extremely 230 

scarce because only two reports have been published. Two different therapeutic 231 

protocols have been described to treat domestic ferret with leishmaniosis: meglumine 232 

antimoniate plus allopurinol (Giner et al., 2020b) or miltefosine plus allopurinol (Giner et 233 

al., 2021a). Although combined therapeutic protocols based on these drugs were well 234 

tolerated in those patients, information is lacking on pharmacological characteristics of 235 

these drugs in domestic ferrets. In addition, in the captive Eurasian otter clinical case, 236 

allopurinol alone was administrated as treatment protocol (Cantos-Barreda et al., 2020). 237 

Allopurinol is a compound that blocks RNA synthesis in Leishmania. Consequently, a 238 

negative effect in parasite multiplication is produced. The length of allopurinol treatment 239 

in dogs and cats depends on the response to treatment and the individual tolerance to 240 

this drug (Solano-Gallego et al., 2011; Pennisi et al., 2015). Although it is well tolerated 241 

by dogs, different side effects are associated with its administration including xanthinuria, 242 

and the occurrence of itching specifically in some dogs with continuous long-term 243 

allopurinol therapy (Manna et al., 2014; Torres et al., 2016). In dogs, xanthinuria can 244 

develop during the first few weeks after starting allopurinol treatment (Torres et al., 245 

2016). Increased levels of xanthine could produce more severe situations such as 246 

xanthine urolithiasis and renal mineralization. The presence of xanthine crystals is a 247 

result of the inhibition of the xanthine oxidase enzyme, which is part of the pathway to 248 

allopurinol degradation. Usually, xanthine crystalluria is identified with the morphology of 249 

crystals without the need of evaluation by optical crystallography, although sometimes 250 

these crystals are impossible to distinguish from others (ammonium biurate and 251 

amorphous urate crystals) with similar appearance by light microscopy. In domestic 252 

ferrets, the presence of xanthinuria could be detected associated to the allopurinol 253 

treatment in some animals, whilst, other domestic ferrets did not develop this type of 254 

urine crystal. For thus, domestic ferrets receiving therapy should be monitored for the 255 

                  



development of urinary adverse effects from the beginning of treatment and urinalysis 256 

should be systematically used in follow-up. 257 

Meglumine antimoniate is one of the first-choice drug for the treatment of CanL (Oliva et 258 

al., 2010). This compound causes a marked decrease in the parasitic load in dogs during 259 

the treatment (Manna et al., 2014). The main side effects in dogs are potential 260 

nephrotoxicity and cutaneous abscesses/cellulitis (Solano-Gallego et al., 2011). 261 

In the first report on leishmaniosis in naturally infected domestic ferret an empirically 262 

based protocol with allopurinol plus meglumine antimoniate was established (Giner et 263 

al., 2020b). Meglumine antimoniate was prolonged during 8 weeks due to the fact that 264 

the parasite culture was still positive and allopurinol was administered sine die. After 265 

finishing meglumine antimoniate administration, the domestic ferret was classified as 266 

apparently healthy. Six months since treatment was initiated, xanthinuria was detected 267 

which was related to the allopurinol treatment (Figure 5).  268 

In the second domestic ferret leishmaniosis case report published, an anti-Leishmania 269 

therapeutic protocol was established with miltefosine during 28 days and allopurinol sine 270 

die (Giner et al., 2021a). In contrast, in this second case report, the presence of 271 

xanthinuria associated with allopurinol treatment was not observed in urine sediment 272 

during the follow-up. This urinary adverse effect of allopurinol should be considered as 273 

dependent of each treated animal (Giner et al., 2020b).  In the other mustelid with clinical 274 

leishmaniosis, allopurinol alone was administered during 3 months and the clinical signs 275 

disappeared. 276 

Miltefosine interferes in parasite metabolic pathways and the induction of apoptosis (Soto 277 

et al., 2006). It is considered the second-choice drug used for leishmaniosis in dogs 278 

(Solano-Gallego et al., 2011; Dias et al., 2020). The main side effects in dogs are usually 279 

vomiting and diarrhoea (Solano-Gallego et al., 2011).  280 

                  



The most commonly used treatments for CanL are two different protocols including 281 

meglumine antimoniate plus allopurinol protocol, or miltefosine plus allopurinol protocol. 282 

Dogs treated with meglumine antimoniate plus allopurinol protocol have a lower risk of 283 

relapse compared to dogs treated with miltefosine plus allopurinol protocol (Manna et 284 

al., 2014). In FeL, treatment information is very limited based on empirically based 285 

treatment protocols. Allopurinol alone and meglumine antimoniate alone are the most 286 

common drugs used (Pennisi et al., 2015; Pereira and Maia, 2021). 287 

3.6 Prevention 288 

Although future research is needed to analyse the role of domestic ferrets as hosts for 289 

L. infantum, it is necessary to develop preventive measures against the parasite in this 290 

species to contribute to the decline in the infection prevalence in endemic areas and to 291 

reduce the Leishmania´s impact of developing a clinical disease in these animals. 292 

Current preventative measures in dogs are based on vaccines against Leishmania, the 293 

administration of domperidone as immune-modulator agent (Travi and Miró, 2018) and 294 

the use of registered products with a repellent activity against sand flies (Solano-Gallego 295 

et al., 2011). In domestic ferrets, the use of these products is off-label and the application 296 

of concentrated pyrethrin and pyrethroids spot-on products labelled for dogs may cause 297 

tremors or seizures in that species (Dunayer, 2008). However, an imidacloprid 298 

10%/permethrin 50% solution was tested in a farmed mink (Neovison vison) flea control 299 

study (Larse et al., 2005) which was found to be effective without toxicity effects. Minks 300 

are a close relative species of domestic ferrets; therefore these results could be 301 

extrapolated and this solution could be used in this species. In cats, flumethrin, a 302 

synthetic piretroid with a repellent activity against sand flies can be safely used (Brianti 303 

et al., 2017). Nevertheless, further studies are required to investigate these agents as 304 

repellent effect against sand flies in domestic ferrets.  305 

                  



Serological screening for early detection of Leishmania antibodies as serologic marker 306 

of infection during non-transmission sand fly period to monitor the serological status is 307 

another preventative measure that can be implemented every year (Figure 6). As in dogs 308 

and cats, transfusion transmitted infection associated to Leishmania should be 309 

considered, being necessary to test blood donors by serology and blood qPCR (Figure 310 

7).  Another preventative measure to avoid sand fly bites could be to keep domestic 311 

ferrets indoors because sand flies are more active in the evening.  312 

 313 

7.  CONCLUSIONS 314 

Leishmaniosis caused by L. infantum is a chronic infection affecting mainly dogs, cats, 315 

lagomorphs (Tsakmakidis et al., 2019), rodents (Alcover et al., 2021b) and other 316 

mustelids including minks (Giner et al., 2021b) and domestic ferrets could be infected. 317 

This short review highlights the need for xenodiagnosis to evaluate the infectiousness of 318 

domestic ferrets to sand flies and the possibility that infected domestic ferrets may 319 

represent an additional domestic reservoir for the parasite impelling the study and 320 

detection of clinically affected and subclinically seropositive domestic ferrets. Some 321 

further studies to adaptation and validation of serological techniques for ferrets are 322 

necessary, as serology is still the main tool of the monitoring and control the L. infantum 323 

infection in all animal species. In this sense, research should be carried out to expand 324 

the knowledge about L. infantum in mustelids. 325 

 326 

Funding information 327 

This research did not receive any specific grant from funding agencies in the public, 328 

commercial, or not-for-profit sectors. 329 

 330 

                  



Figure legends 331 

Figure 1. Histological section of skin from a domestic ferret with suspected of 332 

leishmaniosis. Inflammatory lesion reveals the presence of macrophages and 333 

multinucleate giant cells. The cytoplasm of these cells is laden with Leishmania spp. 334 

amastigotes. Hematoxylin and eosin stain (x40 objective). 335 

Figure 2. Immunohistochemical staining labelling of Leishmania spp. amastigotes (skin 336 

of a domestic ferret with suspected of leishmaniosis). The amastigotes parasites 337 

labelled in brown (x40 objective).  338 

Figure 3. Leishmania spp. promastigotes isolated by NNN culture obtained from a 339 

domestic ferret with suspected of leishmaniosis. Giemsa stain (x40 objective). 340 

Figure 4. Diagnostic algorithm for domestic ferrets with suspected of leishmaniosis 341 

Figure 5. Xanthine crystals from a ferret treated with allopurinol. Unstained sediment 342 

(x40 objective) 343 

Figure 6. Diagnostic algorithm for clinically healthy domestic ferrets. 344 

Figure 7. Diagnostic algorithm for clinically healthy domestic ferrets used as blood 345 

donors. 346 

347 

                  



REFERENCES 348 

Alcover, M.M., Basurco, A., Fernández, A., Riera, C., Fisa, R., González, A., Verde, M., 349 

Garrido, A.M., Ruíz, H., Yzuel, A., & Villanueva-Saz, S. (2021a). A cross-sectional 350 

study of Leishmania infantum infection in stray cats in the city of Zaragoza (Spain) 351 

using serology and PCR. Parasites and Vectors, 14, 178. 352 

Alcover, M. M., Riera, M. C., & Fisa, R. (2021). Leishmaniosis in rodents caused by 353 

Leishmania infantum: A review of studies in the Mediterranean area. Frontiers in 354 

veterinary science, 8, 702687.  355 

Brianti, E., Falsone, L., Napoli, E., Gaglio, G., Giannetto, S., Pennisi, M.G., Priolo, V., 356 

Latrofa, M.S., Tarallo, V.D., Basano, F.S., Nazari, R., Deuster, K., Pollmeier, M., 357 

Gulotta, L., Colella, V., Dantas-Torres, F., Capelli, G., & Otranto, D. (2017).  Prevention 358 

of feline leishmaniosis with an imidacloprid 10%/flumethrin 4.5% polymer matrix collar. 359 

Parasites and Vectors, 10, 334. 360 

Castelli, G., Galante, A., Lo Verde, V., Migliazzo, A., Reale, S., Lupo, T., Piazza, M., 361 

Vitale, F., & Bruno, F. (2014). Evaluation of two modified culture media for Leishmania 362 

infantum cultivation versus different culture media. The Journal of parasitology, 100, 363 

228–230.  364 

Cantos-Barreda, A., Navarro, R., Pardo-Marín, L., Martínez-Subiela, S., Ortega, E., 365 

Cerón, J.J., Tecles, F., & Escribano, D. (2020). Clinical leishmaniosis in a captive 366 

Eurasian otter (Lutra lutra) in Spain: a case report. BMC Veterinary Research, 16, 312. 367 

Dias, Á., Ayres, E., de Oliveira Martins, D.T., Maruyama, F.H., de Oliveira, R.G., de 368 

Carvalho, M. R., Ferreira de Almedia, A.B.P., de Souza Teixeira, A.L., Mendonca, A.J., 369 

& Franco-Sousa, V. R. (2020). Comparative study of the use of miltefosine, miltefosine 370 

plus allopurinol, and allopurinol in dogs with visceral leishmaniasis. Experimental 371 

Parasitology, 217, 107947. 372 

                  



Dunayer, E. (2008). Toxicology of Ferrets. Veterinary Clinics of North America: Exotic 373 

Animal Practice, 11, 301-314. 374 

Giner, J., Basurco, A., Alcover, M.M., Riera, C., Fisa, R., López, R.A., Juan-Salles, C., 375 

Verde, M.T., Fernández, A., Yzuel, A., & Villanueva-Saz, S. (2020a). First report on 376 

natural infection with Leishmania infantum in a domestic ferret (Mustela putorius furo) 377 

in Spain. Veterinary Parasitology: Regional Studies and Reports, 19,100369. 378 

Giner, J., Villanueva-Saz, S., Alcover, M.M., Riera, C., Fisa, R. Basurco, A., Yzuel, A., 379 

Trotta, M., Fani, C., Verde, M.T. & Fernández, A. (2020b). Treatment and follow-up of a 380 

domestic ferret (Mustela putorius furo) with clinical leishmaniosis caused by 381 

Leishmania infantum. Veterinary Parasitology: Regional Studies and Reports, 21, 382 

100423. 383 

Giner, J., Villanueva-Saz, Alcover, M.M., Riera, C., Fisa, R., Verde, M., Fernández, A., 384 

& Yzuel, A. (2021a). Clinical leishmaniosis in a domestic ferret (Mustela putorius furo) 385 

treated with miltefosine plus allopurinol: Serological and clinical follow-up. Veterinary 386 

Parasitology: Regional Studies and Reports, 25, 100607.  387 

Giner, J., Villanueva-Saz, S., Fernández, A., Gómez, M. A., Podra, M., Lizarraga, P., 388 

Lacasta, D., Ruiz, H., Del Carmen Aranda, M., de Los Ángeles Jimenez, M., 389 

Hernández, R., Yzuel, A., & Verde, M. (2021b). Detection of Anti-Leishmania infantum 390 

antibodies in Wild European and American Mink (Mustela lutreola and Neovison vison) 391 

from Northern Spain, 2014-20. Journal of wildlife diseases, 10.7589/JWD-D-21-00027.  392 

Iatta, R., Trerotoli, P., Lucchese, L., Natale, A., Buonavoglia, C., Nachum-Biala, Y., 393 

Baneth, G., & Otranto, D. (2020). Validation of a new immunofluorescence antibody 394 

test for the detection of Leishmania infantum infection in cats. Parasitology Research, 395 

119, 1381-1386. 396 

                  



Larsen, K.S., Siggurdsson, H., & Mencke, N. (2005). Efficacy of imidacloprid, 397 

imidacloprid/permethrin and phoxim for flea control in the Mustelidae (ferrets, mink). 398 

Parasitology Research, 97, Suppl 1:S107-S112.  399 

Manna, L., Corso, R., Galiero, G., Cerrone, A., Muzi, P., & Gravino, A.E. (2014). Long-400 

term follow-up of dogs with leishmaniosis treated with meglumine antimoniate plus 401 

allopurinol versus miltefosine plus allopurinol. Parasites and Vectors, 8, 289. 402 

Melillo, A. (2013). Applications of serum protein electrophoresis in exotic pet medicine. 403 

Veterinary Clinics of North America: Exotic Animal Practice, 16, 211–225. 404 

Nicolle, C., & Comte, C. (1908). Origine canine du Kala-azar. Bulletin de la Société de 405 

Pathologie Exotique, 1, 299-301. 406 

Oliva, G., Roura, X., Crotti, A., Maroli, M., Castagnaro, M., Gradoni, L., Lubas, G., 407 

Paltrinieri, S., Zatelli, A., & Zini, E. (2010). Guidelines for treatment of leishmaniasis in 408 

dogs. Journal of the American Veterinary Medical Association, 236, 1192-1198. 409 

Ordeix, L., Montserrat-Sangrà, S., Martinez-Orellana P., Baxarias M., & Solano-410 

Gallego L. (2019). Toll-like receptors 2, 4 and 7, inferferon-gamma and interleukin 10, 411 

and programmed death ligand 1 transcripts in skin from dogs of different clinical stages 412 

of leishmaniosis. Parasites and Vectors, 12, 575. 413 

Paltrinieri, S., Gradoni, L., Roura, X., Zatelli, A., & Zini, E. (2016). Laboratory tests for 414 

diagnosis and monitoring canine leishmaniasis. Veterinary Clinical Pathology, 45, 552-415 

578. 416 

Pennisi, M.G., Cardoso, L., Baneth, G., Bourdeau, P., Koutinas, A., Miró, G., Oliva, G., 417 

& Solano-Gallego, L. (2015). LeishVet update and recommendations on feline 418 

leishmaniosis. Parasites and Vectors, 8, 302. 419 

                  



Pereira, A., & Maia, C. (2021). Leishmania infection in cats and feline leishmaniosis: An 420 

updated review with a proposal of a diagnosis algorithm and prevention guidelines. 421 

Current Research in Parasitology & Vector-Borne Diseases, 1, 100035. 422 

Persichetti, M.F., Solano-Gallego, L., Vullo, A., Masucci, M., Marty, P., Delaunay, P., 423 

Vitale, F., & Pennisi, M.G. (2017). Diagnostic performance of ELISA, IFAT and Western 424 

Blot for the detection of anti-Leishmania infantum antibodies in cats using a Bayesian 425 

analysis without a gold standard. Parasites and Vectors, 10, 119. 426 

Polanin, J.R., Piggot, T.D., Espelage, D.L., & Grotpeter, J.K. (2019). Best practice 427 

guidelines for abstract screening large-evidence systematic reviews and meta-428 

analyses. Research Synthesis Methods, 10, 330-342. 429 

Priolo, V., Martínez-Orellana, P., Pennisi, M.G., Masucci, M., Prandi, D., Ippolito, D., 430 

Bruno, F., Castelli, G., & Solano-Gallego, L. (2019). Leishmania infantum-specific IFN-431 

γ prodution in stimulated blood from cats living in areas where canine leishmaniosis is 432 

endemic. Parasites and Vectors, 12, 133. 433 

Santarém, N., Sousa, S., Amorim, C.G., Lima de Carvalho, N., Lima de Carvalho, H., 434 

Felgueiras, O., Brito, M., & Cordeiro da Silva, A. (2020). Challenges in the serological 435 

evaluation of dogs clinically suspect for canine leishmaniasis. Scientific Reports,10, 436 

3099. 437 

Sergent, E., Lonbard, J., & Quilichini, M. (1912). La leishmaniose a Alger. Infection 438 

simultanee d’un enfant, d’un chien et d’un chat dans la meme habitation. Bulletin de la 439 

Société de Pathologie Exotique, 5, 93–98. 440 

Solano-Gallego, L., Miró, G., Koutinas, A., Cardoso, L., Pennisi, M.G., Ferrer, L., 441 

Bourdeau, P., Oliva, G., & Baneth, G. (2011). LeishVet guidelines for the practical 442 

management of canine leishmaniosis. Parasites and Vectors, 4, 86. 443 

Soto, J., & Soto, P. (2006). Miltefosine: oral treatment of leishmaniasis. Expert Review 444 

of Anti-Infective Therapy, 4, 177–185.  445 

                  



Torres, M., Pastor, J., Roura, X., Tabar, M.D., Espada, Y., Font, A., Balasch, J., & Planel-446 

las, M. (2016). Adverse urinary effects of allopurinol in dogs with leishmaniasis. Journal 447 

of Small Animal Practice, 57, 299–304. 448 

Travi, B.L., & Miró, G. (2018). Use of domperidone in canine visceral leishmaniasis: gaps 449 

in veterinary knowledge and epidemiological implications. Memorias do Instituto Os-450 

waldo Cruz, 113, e180301. 451 

Villanueva- Saz, S., Peréz, C., Yzuel, A., Fernández, A., & Verde, M. (2020). 452 

Antibodies to Leishmania infantum in peritoneal effusion from a dog with atypical signs 453 

of leishmaniosis: treatment and follow-up. Veterinary Record Case Reports, 21, 454 

doi.org/10.1136/vetreccr-2020-001144. 455 

Villanueva-Saz, S., Giner, J., Verde, M., Yzuel, A., Ruíz, H., Lacasta, D., Riera, C., 456 

Fisa, R., Alcover, M.M., & Fernández, A. (2021). Antibodies to Leishmania in naturally 457 

exposed domestic ferrets (Mustela putorius furo) in Spain. Veterinary Parasitology, 458 

296, 109492. 459 

                  


