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The Leishmaniosis in cats guidelines were first published in the | Feline Med Surg 2013, 15: 638-642 by Maria Grazia Pennisi et al. The
present guidelines were updated by Maria Grazia Pennisi.

Key points

e |eishmaniosis is less well known in cats than in dogs and humans; felids were traditionally considered to be
resistant to Leishmania infection, whereas canids are the main reservoir.

e Cats are infected by the same Leishmaniaspecies that infect dogs and humans in tropical and subtropical areas
worldwide.

e Competent sand fly vectors take blood meals from cats and become infected when feeding on cats with infantum.

e Only sporadic feline disease cases have been reported worldwide in canine leishmaniosis endemic areas, mainly
caused by infantum.

e Epidemiological investigations have confirmed, however, that feline infections are not rare and disease occurrence
might be underestimated in endemic areas.

e More than half of cases show dermatological and mucocutaneous lesions (mainly ulcerative and nodular
dermatitis) and lymph node enlargement; sometimes these are the only findings at physical examination.

e Qcular (blepharoconjunctivitis, keratitis, uveitis, panophthalmitis) and oral (nodules, chronic gingivo-stomatitis)
lesions, as well as general clinical signs (weight loss, decreased appetite, and lethargy), anaemia,
hyperglobulinaemia, and proteinuria are reported in 20-30% of cats.

e Many other clinical manifestations are sporadically reported and a causative role for infantum has not always been
demonstrated and often coinfections and comorbidities are seen.

e Parasitological confirmation of leishmaniosis can be obtained by cytology, histology with immunohistochemistry,
culture or by PCR, performed on samples taken from the skin, mucous membranes, lymph nodes, bone marrow,
blood or any other affected tissues.

e Antibody testing using different techniques has been used to assess infection prevalence and to support the
diagnosis in suspected clinical cases.

e Therapy is empirically based on the same drugs used to treat dogs affected by canine leishmaniosis but they are
not licenced for treating cats. Allopurinol (sometimes in combination with meglumine antimoniate) is the most
frequently used drug.

e Clinical cure can be obtained but the infection is not cleared, and recurrence of clinical signs can occur after
cessation of therapy, similarly to dogs.

e Prognosis is influenced by comorbities (neoplasia, chronic kidney disease) and these have to be carefully
investigated.

e Prevention based on the application of pyrethroid ectoparasiticides which are effective against sand fly bites is

possible with flumethrin collars. Any other pyrethroids are not licenced for cats and very toxic.
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Agent properties

After malaria and lymphatic filariasis, leishmaniosis is the third most important vector-borne disease in people; it is caused by protozoan
parasites of several Leishmania species, most of zoonotic concern (Solano-Gallego et al., 2009). In veterinary medicine, canine
leishmaniosis caused by Leishmania infantum (Canl) is of primary interest, because dogs are the main reservoir of the parasite for
humans, and also because management of the canine disease is often challenging (Baneth et al., 2008; Mir¢ et al., 2017). However, the
epidemiology of leishmaniosis is complex and vectorial transmission can involve different host species as reservoirs (Maroli et al., 2007;
Gonzales et al., 2017; Cardoso et al., 2021).

Cats are found to be naturally infected by the same Leishmania species detected in dogs and humans in tropical and subtropical areas
worldwide and L. infantum is the most reported species in cats from the Mediterranean basin, Iran and Brazil (Hatam et al., 2009; Vides
et al., 2011; Pennisi et al., 2015a; Attipa et al., 2017a; Mohebali et al., 2018; Akhtardanesh et al., 2020; Asgari et al., 2020; Baneth et
al., 2020; Costa-Val et al., 2020; Fernandez-Gallego et al., 2020). Feline infections with dermotropic species include, in the Old

World, Leishmania tropica in Turkey and Iran and Leishmania major in Turkey (Pasa et al., 2015; Can et al., 2016; Akhtardanesh et al.,
2020), while in the New World they are caused by Leishmania mexicana in Texas (USA) and Venezuela (Trainor et al., 2010; Rivas et al.,
2018; Paniz Mondolfi et al., 2019), Leishmania braziliensis in Brazil and French Guiana (Schubach et al., 2004; Rougeron et al., 2011;
Costa-Val et al., 2020), Leishmania amazonensis in Brazil (de Souza et al., 2005; Carneiro et al., 2020) and Leishmania venezuelensis in
Venezuela (Bonfante-Garrido et al., 2001).

Epidemiology

Leishmaniosis caused by L. infantum is a globally emerging disease (Baneth et al., 2008; Solano-Gallego et al., 2009). Using molecular
diagnostic techniques on dogs in endemic areas, it was shown that the prevalence of the infection is much higher than that of the
disease manifestation (Lombardo et al., 2012). The same is true for people: in some endemic areas, latent infections in 30% of the
population were estimated, based on a positive Leishmanin Skin Test, LST (Kaplan et al., 2009). Feline leishmaniosis (FelL) is
sporadically reported worldwide, usually from the same areas where the disease occurs in dogs or humans (Pennisi et al., 2015a). In the
Old World, feline L. infantum infection has been detected in Mediterranean countries (Italy, Spain, Portugal, France, Greece, Turkey,
Cyprus) and Iran and characterized feline isolates are similar to those obtained from dogs or humans (Pennisi and Persichetti, 2018).
Cases have been reported in Switzerland, in cats imported from Spain and increased pet movement and rehoming throughout Europe
will likely lead to more disease reporting also in non-endemic areas (Rlfenacht et al., 2005; Richter et al., 2014).

Prevalence

Epidemiological studies have been increasingly performed over the last 20 years in endemic areas using tests that detect antibodies
(immunofluorescence [IFA], ELISA, Western blot [WB], direct agglutination [DA] tests) and tests that detect parasite (cytology,
immunohistochemistry [IHC], PCR). The rates of infection vary widely, which could be due to the methodology used, the geographic
area, and the population under study. Positive blood PCR rates range between 0.43 and 61% of the cat population tested, and antibody
prevalence between 3 and 59% with very few studies finding zero positivity rates (Pennisi et al., 2015a). However, percentage of
positivity is usually lower compared to dogs in the same areas (Maia et al., 2010; Otranto et al., 2017).

A systematic review with meta-analysis recently examined 78 articles that reported antibody and PCR prevalences and estimated a 10%
(95% Cl: 8%-14%) overall prevalence in feline populations worlwide. Italy was the country with a highest antibody (24%) and PCR (21%)
prevalence, compared to other countries (Asfaram et al., 2019).

It has however to be mentioned that a peculiarity of L. infantum epidemiology is a patchy spread with endemic or hyperendemic foci
within areas with lower prevalence or the absence of infected vectors or hosts (Gradoni, 2018; Baneth et al., 2020).

Transmission

Leishmania spp. are vector-borne protozoan parasites transmitted by phlebotomine sand fly vectors to vertebrate hosts (Fig. 1).
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Fig. 1. Life cycle of Leishmania donovani. Wikipedia, public domain.

Amastigotes replicate in intracellular vacuoles within macrophages of vertebrate hosts and are ingested by haematophagous female
sand flies during the blood meal. In the sand fly gut amastigotes change to flagellated extracellular promastigote forms and replicate.
Then the infected sand fly transmits the promastigates to a new vertebrate host as promastigotes are regurgitated during the blood
meal. There is no evidence that ticks and fleas are involved in natural Leishmania transmission (Baneth et al., 2008; Solano-Gallego et
al., 2009). There is a risk for transmission in the absence of sand flies as transplacental infection has been demonstrated in dogs,
humans and wild animals (Baneth et al., 2008; Solano-Gallego et al., 2009; Martin-Sanchez et al., 2020). Venereal transmission is a
potential route of infection (da Silva et al., 2009). Other types of direct transmission have been suggested, but interestingly mainly
vertical transmission is considered responsible for the high incidence and prevalence in hunting dogs in the USA, in the absence of sand
fly vectors (Baneth et al., 2008; Solano-Gallego et al., 2009; Toepp et al., 2017). The risk of transmission by blood transfusion is
important for humans and dogs in endemic areas (Baneth et al., 2008; Solano-Gallego et al., 2009; Kaplan et al., 2009) and it potentially
can occur also in cats, as healthy cats are frequently found positive, when testing EDTA-blood samples with PCR or even with cytological
evaluation of blood smears (Persichetti et al., 2016; Attipa et al., 2017a; Brianti et al., 2017; Diakou et al., 2017; Metzdorf et al., 2017;
Otranto et al., 2017).

Many studies have demonstrated that sand flies take blood meals from cats (Gonzéles et al., 2017) and they have been found infected
by L. infantum after feeding on naturally infected cats (Maroli et al., 2007; da Silva et al., 2010; Mendonga et al., 2020). Experimental
xenodiagnoses (In case of vector-borne infections, xenodiagnoses is a diagnostic method used to document the presence of infectious
agents by exposing a host to a vector and then examining the vector for the presence of the infectious agent it may have ingested.) by
sand flies between a cat naturally infected with L. infantum and a naive dog was successfully performed (Batista et al., 2020).
Additionally, antibodies against sand fly salivary antigens were detected in cats exposed to phlebotomine sand flies in an endemic area
and the feline antibody response to Phlebotomus perniciosus saliva was positively associated with Leishmania infection (Pereira et al.,
2019a).

Pathogenesis

Progressive infection and disease development are primarily influenced by immunological factors, which are linked to the complex
genetic background of the hosts, as demonstrated by studies in laboratory animals, dogs and humans (Baneth et al., 2008). In
people, L. infantum induces two different diseases: cutaneous leishmaniosis is generally a focal papular or ulcerative skin lesion
whereas visceral leishmaniosis is a severe disease without cutaneous manifestations. The latter form is the typical presentation in
immunocompromised patients (Kaplan et al., 2009). In dogs, leishmaniosis is a multisystemic disease with a wide and dynamic
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spectrum of severity that reflects the balance between the protective cell-mediated, and the non-protective humoral immune response.
Usually, subclinical infection and self-limiting mild disease forms outnumber non-self-limiting severe disease cases in endemic areas
(Baneth et al., 2008; Solano-Gallego et al., 2009). Coinfections with vector-borne pathogens (primarily Ehrlichia canis) influence parasite
burden and the progression of CanL (Baxarias et al., 2018).

In all host species, macrophages play a central role in the control of the infection. Cytokines such as IFN-y, IL-2 and TNF-a, secreted by
activated T cells, stimulate macrophages to kill intracellular Leishmania amastigotes. The presence of Leishmania-infected
macrophages is usually associated with a granulomatous inflammatory reaction (Baneth et al., 2008). Lymphoid hyperplasia is the most
common cytologycal pattern in both dogs and cats (Solano-Gallego et al., 2009, 2011; Pennisi et al., 2015a). A massive antibody
response is associated with more severe disease and is responsible for immune complex deposition in the kidney, with
glomerulonephritis and subsequent chronic kidney disease (CKD) (Baneth et al., 2008; Solano-Gallego et al., 2009).

Many data from experimental infections of dogs are available but experimental infections of cats with L. infantum were performed in
only two studies. An additional limitation is that these two studies followed up infected cats for only 16 (Akhtardanesh et al., 2018) or up
to 24 (Kirkpatrick et al., 1984) weeks. Kirkpatrick et al. (1984) detected seroconversion in cats from week two p.i., while cats
intraperitoneally infected by Akhtardanesh et al. (2018) were not antibody-positive even at week 16. Clinical or laboratory signs were
not seen in these two studies, apart from reduced packed cell volume and hyperproteinaemia observed by Akhtardanesh et al. (2018).
Parasitaemia was investigated by culture (Kirkpatrick et al., 1984) and PCR (Akhtardanesh et al., 2018). Kirkpatrick et al. (1984) used
two different strains for their infections and parasites were cultured on weeks one and two only with one strain. Blood PCR was positive
throughout the study by Akhtardanesh et al. (2018). Kirkpatrick et al. (1984) cultivated amastigotes from liver and spleen by post-
mortem evaluations of infected cats and they also found amastigotes on cytological evaluations of spleen, liver, bone marrow and blood
smears. Conversely, amastigotes were not found on histopathology of lymph nodes, bone marrow, spleen or liver by Akhtardanesh et al.
(2018), but moderate sinus histiocytosis was seen in two cats (Akhtardanesh et al., 2018). Findings from these two studies suggest that
cats are more resistant than dogs to experimental infection; however, chronic infection cannot be excluded. This is what has been
inferred from a previous longitudinal study on naturally infected cats that remained PCR- and antibody-positive for a long time with
either no clinical manifestations or with a mild disease, and from cats diagnosed with FeL years after rehoming from an endemic area
(Pennisi et al., 2015a).

The description of histopathological patterns associated with FeL is available mostly from biopsied lesions from skin, mucosal lesions
and the eye. Feline skin lesions show a diffuse granulomatous dermatitis with Leishmania parasites inside macrophages, or a
granulomatous perifolliculitis and lichenoid tissue reaction/interface dermatitis, with a lower parasite load (Navarro et al., 2010; Puleio
et al.,, 2011). Granulomatous inflammation with many amastigotes has also been seen in mucosal nodules, eye, spleen, liver, and the
kidneys (Navarro et al., 2010; Puleio et al., 2011; Verneuil, 2013; Migliazzo et al., 2014).

Immunity

Leishmania immunity is complex. In the dog, a susceptible species, protective immunity against L. infantum is CD4 T cell-mediated, and
the release of IFN-y, IL-2 and TNF-a is associated with anti-Leishmania activation of macrophages. A combination of high antibody levels
and a reduced cell-mediated response are found in dogs developing disease (Baneth et al., 2008; Solano-Gallego et al., 2009).

Cats with L. infantum associated clinical disease have high blood parasitaemia, low to very high antibody levels and
hyperglobulinaemia. As reported for dogs, Leishmania PCR-positive healthy cats can be negative for anti-Leishmania antibodies (Pennisi
et al., 2012, 2015a). It was recently shown that, as in other hosts, both humoral and cell-mediated adaptive immune responses are
elicited by L. infantum in exposed cats from endemic areas. Specific IFN-y was in fact detected in 21% of these cats and they all were
negative on Leishmania PCR performed on EDTA blood samples and negative or border-line antibody-positive (Priolo et al.,

2019). However, the relationship between the pattern of adaptive immune response and the severity of Fel has not yet been
investigated.

Infection experiments with L. braziliensis have shown that the development of skin lesions usually precedes antibody appearance, and
seroconversion occurs when the lesions are healing (Simoes-Mattos et al., 2005).

Many cats that developed clinical signs were suspected to have an impaired immune system because of concurrent FIV infection, dual
FIV and FeLV infection, neoplasia (squamous cell carcinoma), diabetes mellitus, immune-mediated diseases (e.g., eosinophilic
granuloma, pemphigus foliaceus, feline chronic stomatitis) or had been treated with immunosuppressive drugs such as corticosteroids
(Pennisi and Persichetti, 2018; Pennisi et al., 2019; Fernandez-Gallego et al., 2020). However, specific IFN-y production has been
detected in both FIV- and FeLV-coinfected cats, including a FeLV-infected cat with concurrent squamous cell carcinoma (Priolo et al.,
2019).
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Clinical signs

Canine leishmaniosis has been extensively investigated by field cross sectional and longitudinal controlled studies. It is usually a chronic
and progressive disease, with an incubation period lasting for months or even years. Any tissue or organ can be involved, but skin
lesions are most suggestive, and renal disease is most important prognostically for the reduced survival time (Solano-Gallego et al.,
2009; Geisweid et al., 2012; Roura et al., 2020).

Clinical cases of FeL have been documented - mainly in the last 25 years and in Southern Europe - and case reports and case series at
present provide the only published information about the disease. This means that the current level of evidence for statements and
recommendations about FeL management is lower compared to CanL. Feline leishmaniosis is probably underreported and less frequent
and the less severe clinical presentations are probably missed, as occurred previously with CanL. Additionally, coinfections and
comorbidities are commonly seen in cats with FeL and these can contribute to a misrepresentation of disease (Pennisi et al., 2015a).

The age range of cats at diagnosis is wide (2-21 years) but FeL is more common in mature animals (median age seven years). Only very
few cases are diagnosed in 2-3 year old cats. Both genders are similarly represented and almost all cases are seen in domestic shorthair
cats (Pennisi et al., 2015a; Maia et al., 2015; Migliazzo et al., 2014; Basso et al., 2016; Pennisi et al., 2016; Attipa et al., 2017b; Leal et
al., 2018; Franchi et al., 2019; Pennisi et al., 2019; Pereira et al., 2019b; Fernadez-Galleo et al., 2020).

Based on the prevalence of clinical manifestations in reported cases, frequent (found in over 50% of cases), common (affecting 25-50%
of cats) and rare (seen in less than 25% of cats) clinical signs and clinico-pathological abnormalities should be differentiated (Pennisi et
al., 2015a).

Skin and muco-cutaneous lesions are the most frequently reported manifestations seen in more than 60% of cases but rarely they are
the only abnormality found. The most frequent skin lesion is focal and multifocal crusty-ulcerative dermatitis (Pennisi et al., 2015b;
Basso et al., 2016; Fernadez-Galleo et al., 2020) (Fig. 2).

Fig. 2. Leishmania infantum associated ulcerative
dermatitis in a cat (courtesy Maria Grazia Pennisi)

Large lesions with raised margins are seen symmetrically on distal limbs (carpus) and pressure points (hock, ischial tuberosity) as in
dogs, but smaller lesions or diffuse ulcerative dermatitis can be observed on the head, trunk and footpads. Focal, multifocal and diffuse
nodular dermatitis is also frequent. Nodules are usually small (less than 1 cm in diameter) and they are firm, alopecic and non-painful,
rarely ulcerated, mainly distributed on the head and muco-cutaneous junctions (Pennisi et al., 2015a; Basso et al., 2016; Attipa et al.,
2017b; Leal et al., 2018; Pereira et al., 2019b; Fernandez-Gallego et al., 2020). Ulcerative and nodular lesions can be seen at the same
time in cats (Pennisi et al., 2016; Basso et al., 2016). In contrast to dogs, diffuse scaly dermatitis and alopecia are not common findings
in cats (Ozon et al., 1998; Navarro et al., 2010; Fernandez-Gallego et al., 2020). Haemorrhagic bulla with amastigotes detected on
cytological evaluation in two cats is a skin lesion that has never been reported in canine leishmaniosis (Pennisi et al., 2004) (Fig. 3).
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Fig. 3. Leishmania infantum associated hemorrhagic
nodule in a cat (courtesy Maria Grazia Pennisi)

Pruritus is usually not reported apart from cases with concurrent pruritic skin disease such as flea allergy, eosinophilic granuloma,
pemphigus foliaceus, and demodicosis (Pennisi et al., 2015a; Leal et al., 2018).

Mild to severe lymph node enlargement is seen in about half of cases and a multicentric pattern is most common (Pennisi et al., 2015a).

Among the common clinical signs, non-specific manifestations such as lethargy, anorexia and weight loss predominate (Pennisi et al.,
2015a; Pennisi et al., 2019; Fernandez-Gallego et al., 2020). About one third of cats show ocular involvement with eyelid, conjunctival,
corneal, uveal, and retinal lesions. The progression of diffuse uveal granulomatous inflammations leads to panophthalmitis (Migliazzo et
al., 2014; Pennisi et al., 2015a; Pimenta et al., 2015; Fernandez-Gallego et al., 2020).

Oral disease includes gingival ulcerations, nodular glossitis, epulid-like lesions, chronic stomatitis and faucitis, and it is observed in
about 20% FeL cases (Poli et al., 2002; Pennisi et al., 2004; Leiva et al., 2005; Maroli et al., 2007; Ibba, 2009; Migliazzo et al.,

2014; Pimenta et al., 2015; Pennisi et al., 2016; Fernandez-Gallego et al., 2020). In some cats cytological, histological and PCR
investigations were performed and the parasite was found in the inflamed oral tissue (Migliazzo et al., 2014; Fernandez-Gallego et al.,
2020).

Chronic upper respiratory tract disease with amastigotes found in the nasal discharge has been rarely reported (Ibba, 2009; Migliazzo et
al., 2014). A severe obstructive syndrome was seen in three cats which was associated to nodular or infiltrative masses formed by
granulomatous leishmanial inflammation in the nasal cavity and the rhinopharynx (Leal et al., 2018; Franchi et al., 2019; Altuzarra et
al., 2020).

Dehydration, pale mucous membranes, vomiting, hepatomegaly, fever, jaundice, polyuria/polydipsia, spleen enlargement, abortion and
mastitis form a list of rare findings and a causative role for L. infantum has not always been demonstrated (Pennisi et al., 2015a; Pereira
et al.,, 2019b).

Laboratory and diagnostic imaging findings

Laboratory changes

Unfortunately, thorough clinico-pathological evaluations in cats with FeL have not always been performed. Non-regenerative anaemia,
hyperglobulinaemia, elevated alfa- and gammaglobulin fractions, and proteinuria are the most frequently reported abnormalities
(Pennisi et al., 2015a; Fernandez-Gallego et al., 2020; Urbani et al., 2020; Savioli et al., 2021). As in canine leishmaniosis, lymphoid
hyperplasia is the lymph node cytological pattern seen in lymph node fine-needle aspirate smears taken from infected cats (Perillo et
al., 2013).

In a few cases followed up until death or euthanasia, CKD developed and it was the more common cause of death (Pennisi et al., 2016;
Hartmann et al., 2020).

Diagnostic imaging

In three cats with severe obstructive syndrome in the upper respiratory tract caused by L. infantum, computed tomography (CT) of the
head (Franchi et al., 2019; Altuzarra et al., 2020) and rhinoscopy (Leal et al., 2018; Altuzarra et al., 2020) were used to evaluate
anatomical abnormalities and to take guided biopsies of nodular or infiltrative lesions. In one very severe case the osteolytic damage
involved even the ethmoidal cribriform plate and the nasal mass extended into the rostral cranial cavity affecting the olfactory bulbs
(Altuzarra et al., 2020). Neoplastic diseases and fungal rhinitis are the main conditions that can show similar imaging patterns.
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Diagnosis

Diagnosis can be confirmed by direct parasitological (cytology, histology with IHC, PCR or culture) and indirect antibody tests (IFA,
ELISA, DA, and WB). In most feline cases in which cytology, culture and PCR were performed, a diagnosis was confirmed from lymph
node, skin, bone marrow or blood samples (Fig. 4).

— _— — .
Fig. 4. Lymph node smear from a cat: Leishmania
amastigotes in a macrophage (MG-G stain; x64 objective).
Photomicrograph courtesy Maria Grazia Pennisi)

In some cases ocular disease caused by L. infantum was diagnosed by histology after enucleation of the affected eye. One study
estimated the prevalence of Fel in 2,632 feline skin and ocular biopsies examined over a four-year period to be 0.57% (Navarro et al.,
2010). Rhinoscopy-guided biopsies were used for histological diagnosis (Leal et al., 2018; Franchi et al., 2019; Altuzarra et al., 2020).
Upon post-mortem examination, the parasite was identified also from samples of the spleen, liver, kidney, pancreas, and gastro-
intestinal tract (Pennisi et al., 2015a). Nodular or diffuse granulomatous leishmanial inflammation was observed in affected
tissues.Immunohistochemistry is recommended for increasing the sensitivity of histopathology in CanL (Solano-Gallego et al., 2009;
Navarro et al., 2010; Puleio et al., 2011).

Antibody tests for leishmaniosis are not commercially available but IFA tests have been validated for usage on feline samples with a cut
off set at 1:80 dilution (Pennisi et al., 2012; Persichetti et al., 2017; latta et al., 2020). When the diagnostic performance of IFA, ELISA
and WB was compared, all three techniques were reliable, but WB was the most accurate (Persichetti et al., 2017). Rapid tests on the
market for the qualitative detection of canine anti-L. infantum antibodies are not validated for use with cat serum. When one of these
commercial rapid tests was compared to an IFA validated assay, low levels of sensitivity, negative predictive values, specificity, and
positive predictive values were observed (Pennisi et al., 2017).

Treatment

The available information is based on single case reports or case series of FeL caused by L. infantum, not always with an appropriate
follow-up (EBM grade IV) (Pennisi et al., 2015a). Treatment of cats with clinical leishmaniosis is still empirically based and off label,
using the most common drugs administered to dogs. Therefore, cats under therapy should be carefully monitored for possible adverse
effects (table 1). Long-term administration of allopurinol (5-50 mg/kg SID or BID) is the most used drug regimen and usually clinically
effective, even in FIV-infected cats (Pennisi et al., 2015a; Maia et al., 2015; Pennisi et al., 2019; Altuzarra et al., 2020; Fernandez-
Gallego et al., 2020), but some cases do not respond to treatment with any administered drug (Pennisi et al., 2015a; Fernandez-Gallego
et al., 2020). Additionally, L. infantum infection is not cleared and clinical signs can recur after stopping therapy, as is the case in dogs
(Pocholle et al., 2012; Pennisi et al., 2015a; Pennisi et al., 2016; Attipa et al., 2017b; Fernandez-Gallego et al., 2020). In a few cases
allopurinol was given as maintenance therapy after a course of meglumine antimoniate (usually 50 mg/kg SID SC) (Basso et al., 2016;
Pereira et al., 2019b; Fernandez-Gallego et al., 2020) and in one case with miltefosine (Fernandez-Gallego et al., 2020) or domperidone
(Dedola et al., 2015) respectively. Domperidone or miltefosine were given as a second line drug in one case each (Maia et al., 2015;
Leal et al., 2018). However, it has to be mentioned that propylene glycol is among the excipients of the miltefosine oral formulation
licensed for the treatment of CanL. Propylene glycol can cause Heinz body formation as demonstrated in a pilot study on healthy cats
treated with miltefosine for 15 days (Bouchez et al., 2019). A consequence of Heinz body formation is a decreased life span of feline red
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blood cells. Surgical excision of nodules was performed in two cats, but this was followed by recurrence (Costa Durao et al., 1994,
Rlfenacht et al., 2005). In table 2 dosages and duration of treatments used in FeL, as well as the total numbers of cats treated and
those clinically improved are reported.

Table 1: Reported adverse drug reactions in cats treated for feline leishmaniosis

TREATMENT ADVERSE DRUG REACTION BIBLIOGRAPHY

(NUMBER OF CASES)

ALLOPURINOL Increased liver enzymes (1) Rifenacht et al., 2005

AKI after some weeks (2) Pennisi et al., 2016

Head and neck dermatitis (1) Leal et al., 2018*

Pruritus (1) Brianti et al., 2019
MEGLUMINE ANTIMONIATE and ALLOPURINOL AKl and death in 5 days (1) Fernandez-Gallego et al., 2020
MEGLUMINE ANTIMONIATE AKI at day 25 (1) Leal et al., 2018*
MILTEFOSINE Worsened azotaemia (1) Leal et al., 2018*

Legend: AKI= acute kidney injury; * a single cat had to be switched to different drugs due to adverse drug reactions or lack of efficacy.

Table 2: Treatments used in clinical cases of feline leishmaniosis and reported clinical efficacy with numbers of clinically improved cats
out of those treated

TREATMENT DOSAGE DURATION AND BIBLIOGRAPHY
NOTES (NUMBER OF CATS

CLINICALLY IMPROVED
/| TOTAL TREATED)

ALLOPURINOL 5-50 mg/kg PO ql2-24h 1.5-36 months Rifenacht et al., 2005 (2/2)
Surgical excision of Leiva et al., 2005 (1/1)
nodules associated (3 Sanches et al., 2011 (1/1)
cats) Pocholle et al., 2012 (1/1)
Silver nitrate cauterization Filecci l., 2012 (1/1)
of an ulcer (1 cat) Richter et al., 2014 (1/1)

Migliazzo et al., 2014 (1/1)
Pimenta et al., 2015 (1/1)
Basso et al., 2016 (0/1)"
Pennisi et al., 2016 (3/6) #
Attipa et al., 2017b (1/1)
Altuzarra et al., 2020 (1/1)
Leal et al., 2018 (0/1)*
Brianti et al., 2019 (1/1)
Franchi et al. 2019 (0/1)"
Pereira et al., 2019b (1/1)**
Fernandez-Gallego et al., 2020

(5/7)**
MEGLUMINE MA: 50 mg/kg SC gq24h 30 days Pimenta et al., 2015 (2/2)
ANTIMONIATE Basso et al., 2016 (1/1)"
and . ; Pereira et al., 2019b (1/1)**
ALL: 10 mg/k PO ql2-24h long-term maintenance
ALLOPURINOL e q oot Fernandez-Gallego et al., 2020

(2/3)

Surgical treatment of large
skin ulcers (1 cat)
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DURATION AND
NOTES

BIBLIOGRAPHY
(NUMBER OF CATS

CLINICALLY IMPROVED
/| TOTAL TREATED)

MEGLUMINE 50 mg/kg SC g24h 20-40 days Costa Durad et al., 1994 (1/1)
ANTIMONIATE Ibba, 2009 (1/1)
Leal et al., 2018 (1/1)*
375 mg/cat SC g48h 55 days Franchi et al., 2019 (0/1)~
Fernandez-Gallego et al., 2020
300 mg/cat SC g24h 4 months (1/2)
MEGLUMINE MA: 5 mg/kg SC g24h Both given for 3 cycles of Hervas et al., 1999 (1/1)
ANTIMONIATE 4 weeks duration, 10 days
and apart
KETOCONAZOLE KCZ: 10 mg/kg PO g24h
DOMPERIDONE DOM: 0.5 mg/kg PO g24h 2 courses of 28 days, 6 Dedola et al.,2015 (1/1)
and months apart
ALLOPURINOL
ALL: 10 mg/kg PO ql2h 12 months
MILTEFOSINE 2 mg/kg PO g24h 30 days Leal et al., 2018 (1/1)*
NUCLEOTIDES Nu: 292.5 PO g24h Long-term maintenance Leal et al., 2018 (0/1)*
and ACTIVE mg/cat treatment
HEXOSE CORRELATED
COMPOUNDS AHCC: 157.5 PO q24h
mg/cat
FLUCONAZOLE 5 mg/kg PO g24h 2 months Pennisi et al., 2004 (0/1)"
METRONIDAZOLE MTZ : 25 mg/kg PO g24h In combination for 35 days Pennisi et al., 2004 (0/1)"
and
SPIRAMYCIN SPM: 150,000 PO q24h
Ul/kg
ITRACONAZOLE 50 mg/cat PO g24h 2 months Pennisi et al., 2004 (0/1)~

Legend: MA= meglumine antimoniate; KCZ= ketaconazole; ALL= allopurinol; DOM= domperidone; Nu= nucleotides; AHCC= active
hexose correlated compounds; MTZ= metronidazole; SPM= spiramycin. # 1 non-responsive cat was diagnosed with squamous cell
carcinoma and the 2 others stopped therapy after few weeks because of AKI; * a single cat had to be switched to different drugs due to
adverse drug reactions or lack of efficacy; ** in a single cat meglumine antimoniate was added to allopurinol when there was a clinical
recurrence; ~ a single cat was switched to different drugs due lack of efficacy.

Prognosis

Some cats live with the disease for years, so the life expectancy for cats with FeL is usually good, unless concurrent conditions or
complications such as CKD or neoplasia occur (Pennisi et al., 2015a; Pennisi et al., 2016; Pereira et al., 2019b; Fernandez-Gallego et al.,
2020). In two studies, the median survival time in cats treated with different protocols was five and 17 months, respectively (Pennisi et
al., 2016; Fernandez-Gallego et al., 2020). Based on a retrospective evaluation of 14 cases, cats died 1-72 months after diagnosis and
survival time was not significantly influenced by therapy or FIV coinfection (Pennisi et al., 2016).

Prevention

In dogs, L. infantum infection is primarily prevented by reducing as much as possible exposure to sand fly bites via the use of topical
pyrethroids. In recent years, vaccination has also been available, and it is an optional measure aimed to prevent the development of
clinical disease (Mir¢ et al., 2017). Almost all pyrethroids are toxic to cats, but flumethrin is licenced for cats as a collar application and
in a controlled field study it decreased the incidence of L. infantum infection in cats, as had been previously seen in dogs (Brianti et al.,
2014, 2017).
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According to current knowledge, testing of blood donors by antibody detection and Leishmania PCR performed on EDTA blood is the
only reasonable measure for preventing non-vectorial transmission to cats (Pennisi et al., 2015b).

Zoonotic risk

The Leishmania species reported in cats are of zoonotic concern, but no information is available on the risk for owners of infected cats.
Vectorial transmission is considered the main way of transmission for L. infantum in humans, and dogs are considered the primary
peridomestic reservoir. However, it is currently recognised that L. infantum has multiple mammalian hosts and non-canine hosts can
play a primary epidemiological role in particular ecological situations (Bourdeau et al., 2020). One study performed in Iran found that
owners of infected dogs had a higher risk for leishmaniosis caused by L. infantum (Gavgani et al., 2002). Currently, ownership of an
infected dog is not considered a risk for the family members. However, mass preventative measures applied to dogs have a positive
impact on the incidence of the human disease and on vector abundance (Silva et al., 2018; Courtenay et al., 2019).
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