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Abstract

:

Cytauxzoonosis is an emerging disease caused by a tick-transmitted haemoprotozoan affecting domestic and wild felids. The clinical and biomolecular findings of the infection due to Cytauxzoon sp. and concomitant coinfections are described in three cats in central Italy. Three domestic cats were referred for different clinical conditions (impact trauma, lameness, and weight loss and lethargy). They presented different hematobiochemical profiles. Only two cats were anemic, but in all three cats, endo erythrocyte inclusions suggestive of piroplasmids were found at blood smear evaluation. EDTA blood samples were submitted to rapid ELISA test for feline immunodeficiency virus (FIV) and feline leukemia virus (FeLV), and to biomolecular investigations for Piroplasmida (Babesia spp., Theileria spp., Cytauxzoon spp.) and Mycoplasma spp. All three cats were positive for Cytauxzoon sp. (European Cytauxzoon species) and two cases were also coinfected by Candidatus Mycoplasma turicensis and FIV. This report suggests that cytauxzoonosis should be included among differential diagnoses in subjects with possibility of contact with ticks and with presence of coinfections by tick-borne parasites, including in non-endemic areas.
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1. Introduction


Cytauxzoonosis is an emerging tick-borne disease that affects domestic cats and wild felids and is caused by apicomplexan protozoan haemoparasites (family Theileriidae) belonging to the genus Cytauxzoon. Organisms of the genus Cytauxzoon exist in two distinct tissue forms: an erythrocyte phase, termed piroplasm, and a tissue phase, named schizont [1]. Several species have been identified. Cytauxzoon felis represents the main species with different genotypes [2,3]. For many years, Cytauxzoon felis was reported only in North America, particularly in the mid-Atlantic states of the United States [4,5,6,7,8,9,10,11]. Dermacentor variabilis and Amblyomma americanum have been shown to be the tick vectors of Cytauxzoon felis [12,13,14,15,16,17,18,19]. Bobcats (Lynx rufus) have been considered as the natural reservoir of Cytauxzoon felis and show up to 100% prevalence (PCR-positive and parasitemic) in some enzootic areas (e.g., mid-Atlantic states of the United States) [2,20,21]. In North America, Cytauxzoon felis has also been identified in other wild felids, such as pumas (Puma concolor) and panthers (Puma concolor coryi) [22,23,24]. In the early 2000s, Cytauxzoon felis was reported in Brazil and in other geographic areas (e.g., South Africa, China, Iran, Turkey, Spain), both in wild felids, such as jaguars (Panthera onca), lion (Panthera leo), ocelots (Leopardus pardalis), cheetahs (Acinonyx jubatus), little spotted cat (Leopardus tigrinus), Iberian lynx (Lynx pardinus), wild cat (Felis silvestris) and the domestic cat [25,26,27,28,29,30,31,32,33,34,35,36,37].



Phylogenetically, Cytauxzoon felis isolates from USA and Brazil belong to the same subclasses, different from Mongolian Cytauxzoon manul and European isolates from the Old World, European Cytauxzoon species [38]. In particular, Cytauxzoon manul was reported in the free-ranging Pallas cat (Otocolobus manul) in Mongolia and in the lion (Zimbabwe), while Cytauxzoon sp. has been reported in Europe and in other geographic areas (e.g., South Africa, India, Turkey, Japan, Brazil), both in domestic cats and in wild felids [32,39,40,41,42]. The only species reported to be infected by Cytauxzoon sp. not belonging to the Felidae family is the meerkat (Suricata suricatta) in South Africa and the Hokkaido brown bear in Japan [43,44].



To our knowledge, European reports of Cytauxzoon sp. infection concern both domestic cats from France, Italy, Switzerland, Spain, Germany, Portugal, and the European wild cat (Felis silvestris silvestris), lynx (Lynx pardinus, Lynx lynx) both considered reservoirs and incidental hosts [45,46,47,48,49,50,51,52]. Epidemiological studies on Cytauxzoon species in Europe showed different prevalence, ranging from 0% in Greece, 0.8% in France to 23% in Italy, although data varies according to geographic area [53,54,55,56]. Data regarding the presence and distribution of Cytauxzoon sp. in Italy are few and limited to single areas, mainly involving northern and central Italy, with conflicting results on the prevalence of the pathogen [55,57,58,59,60,61]. Moreover, there is only one report describing clinical cases of Cytauxzoon sp. in two free-ranging cats [49]. It is hypothesized that ticks, such as Ixodes ricinus and Dermacentor, may be involved in the transmission of Cytauxzoon sp. infection, but the vector remains unknown as well as other possible modes of transmission [12,55,62]. The arthropods collected from positive cats from north-eastern Italy were all negative using PCR for Cytauxzoon sp. [49].



Based on clinical features, for many years, Cytauxzoon felis in domestic cats (Felis catus) without treatment was reported to be associated with the development of acute and often fatal disease (97% mortality), characterized by clinical signs, such as anemia, icterus, depression, lethargy, dyspnea, tachycardia, vomiting, inappetence, anorexia, splenomegaly, hepatomegaly, fever, generalized pain, and vocalization. Ischemic neuropathological alterations, due to the formation of parasitic emboli, were also documented. A report of a possible association between Cytauxzoon felis infection and cardiac trifascicular block in a cat was described [1,7,63,64]. Recent studies have reported that cats surviving Cytauxzoon felis infection maintain subclinical and persistent parasitemia and that they represent reservoirs of infection for other felids [2,7,16,65,66,67,68,69]. Possible repeat infection and illness are also described [70]. In endemic areas (e.g., North America) the prevalence of the subclinical form in cats may be as high as 30% [2]. Cytauxzoon sp. in Europe seems less virulent than Cytauxzoon felis and the clinical manifestations appear only in cases of concurrent diseases or immunodeficiency (e.g., immune-mediated diseases or secondary infections) [46,51,55,56]. Fever, anemia, lethargy, weight loss, vomiting, and diarrhea have occasionally been reported in association with Cytauxzoon sp. infection [48,49,55]. To date, epidemiological studies conducted in various countries show the existence of areas considered endemic for the spread of Cytauxzoon sp., while there are areas in which its presence has never been reported. Currently, there is no clear picture of the present European spread of this parasite, and the reporting of clinical cases in areas not yet considered enzootic is useful for directing future epidemiological and clinical studies focused on this scarcely described infectious disease.



Therefore, the present study provides a clinical and biomolecular description of infection by Cytauxzoon sp. in three domestic cats in central Italy (Umbria region) with the aim of increasing the epidemiological, clinical, and biomolecular data regarding this parasitosis in a non-endemic area.




2. Case Presentations


Cat n. 1 was a two-year-old, spayed female, domestic shorthair weighing 3.2 kg that was referred for impact trauma to the Veterinary Teaching University Hospital of Perugia in October 2018. The cat had an outdoor lifestyle, was vaccinated and received irregular ectoparasiticide treatments. The cat presented pale mucous membranes and jaundice, a mild grade of dehydration (3%), and opaque fur. There was also a retraction of the right globe and lateral right mandibular deviation with loss of teeth and pain. She also had ulcers in the oral and nasal mucosa. At clinical presentation, no ticks or fleas were found. Complete blood count (CBC) (Sysmex XT-2000iV; Sysmex, Kobe, Japan) showed moderate normocytic and normocromic anemia and reduction of platelet count with increased mean platelet volume. Blood smear evaluation using the May–Grunwald–Giemsa stain (Aerospray Slide Stainer 7120, Delcon®, Bergamo, Italy) enabled identification of macroplatelets and confirmed trombocitopenia and the presence of endo erythrocyte inclusions suggestive of piroplasmids (Cytauxzoon spp., Theileria spp., Babesia spp.) (Figure 1). The parasitemia was classified as mild grade (two erythrocytes parasized hpf) [55]. The biochemical profile (Hitachi 904, Boehringer Mannheim and Seac Radim reagents Biolabo sas, Les Hautes, France) showed hyperbilirubinemia, and mild increase in ALT, ALP, cholesterol, urea, and LDH. A test for feline leukaemia virus (FeLV) and feline immunodeficiency virus (FIV) using a rapid enzyme-linked immunosorbent assay (SNAP Combo Plus FeLV ag/FIV ab test, Idexx Laboratories Westbrook, ME, USA) revealed a negative result for FeLV and a positive result for FIV (Table 1). Since Cytauxzoon sp. is morphologically indistinguishable from other piroplasms, such as Babesia spp. or Theileria spp., and may be mistaken as Mycoplasma haemofelis [63], an EDTA blood sample was submitted for biomolecular investigations for these pathogens to obtain a definitive diagnosis. This patient was positive for Cytauxzoon sp. and Candidatus Mycoplasma turicensis.



The cat was hospitalized and was submitted to oxygen therapy and intravenous crystalloid fluid therapy was given to correct the dehydration. Surgical stabilization of the mandible and placement of nasogastric feeding tube was performed. Antibiotic treatment with doxycycline (10 mg/kg/q12h PO for 21 days, Vibravet, Zoetis, Italy) was started, both as an initial therapy for suspected mycoplasmosis [48,49], and as a preventive treatment for concomitant infections after trauma injury. Since molecular investigations (day 10) showed positivity for mycoplasma, it was decided to continue the administration of doxycycline and to add imidocarb dipropionate for cytauxzoonosis. The cat was discharged after two weeks of hospitalization following normalization of clinical signs. Upon discharge, it was recommended to continue therapy with doxycycline. Unfortunately, there are no data on follow-up.



Cat n. 2 was a six-year-old, 5.2 kg, neutered male, domestic shorthair referred by a colleague for evaluation of right hind limb lameness in May 2019. The cat had regular outdoor access and had a history of irregular vaccinations and ectoparasiticide treatments. On presentation, the cat showed lameness and the physical examination was otherwise unremarkable. No ticks or fleas were found. Hematological and biochemical analysis were performed, and the results are reported in Table 1. CBC showed mild lymphopenia. Blood smear evaluation revealed the presence of endo erythrocyte inclusions suggestive of piroplasmids. The parasitemia was classified of mild grade (one erythrocyte parasized/hpf). The biochemical profile showed moderate increase in ALT and ALP, and mild increase in urea, glycemia, calcium and phosphorus. Tests for FeLV and FIV were negative. Radiographic examination performed showed a partially consolidated, displaced distal fracture of the right femur. A sample of EDTA blood was submitted for biomolecular investigation for Piroplasmida (Babesia spp., Theileria spp., Cytauxzoon spp.) and Mycoplasma spp. which showed positivity for Cytauxzoon sp. and Candidatus Mycoplasma turicensis.



The patient was observed for two days, the time necessary to perform collateral laboratory and instrumental investigations. As the fracture was old, surgical intervention was excluded and enforced rest was recommended. The cat was treated with doxycycline (10 mg/kg/q12h PO, Vibravet, Zoetis, Italy). After confirmation by PCR of Cytauxzoon sp. infection and sequencing, doxycycline was discontinued and imidocarb dipropionate was administered (5 mg/kg IM twice, two weeks apart, Carbesia, Intervet, Italy) at days 7 and 21 with improvement of clinical conditions. No follow up data are available.



Cat n. 3 was an 8-year-old, neutered female, 2.5 kg, indoor/outdoor, domestic shorthair. The cat had a history of tick exposure and irregular preventative ectoparasiticide treatments. The patient presented weight loss, depression, dysorexia, lethargy, emaciation (body condition score 3/9), moderate dehydration (5%), sialorrhea, and submandibular lymphadenomegaly. Oral examination showed a nodule. The hematobiochemical profile is summarized in Table 1. CBC showed severe microcytic normocromic anemia, lymphocytosis and decreased platelet count. At blood smear evaluation, endo erythrocyte inclusions suggestive of piroplasmids were found and the parasitemia was classified as mild grade (one erythrocyte parasized/hpf). The biochemical profile revealed moderately increased AST, urea, LDH and moderate hypoalbuminemia. The cat tested negative for FeLV and positive for FIV. The lesion, submitted to fine needle aspiration cytological assessment, was diagnosed as an epithelial neoplasm (suspected salivary gland adenocarcinoma). A sample of EDTA blood was submitted for biomolecular investigation for Piroplasmida (Babesia spp., Theileria spp., Cytauxzoon spp.) and Mycoplasma spp. showing a positive result for Cytauxzoon sp.



The cat was hospitalized and fluid therapy with crystalloid solutions was administered. The owners rejected surgical treatment for mass excision. Therefore, only medical treatment with doxycycline (10 mg/kg, orally once a day, Vibravet, Zoetis, Italy) was performed. Before receiving the results of the biomolecular investigation, the general condition of the cat worsened, and the owners agreed to euthanasia, but necropsy was denied.




3. Biomolecular Analysis


The DNA was extracted from EDTA blood using the High Pure PCR Template Preparation kit (Roche Diagnostics, Munich, Germany) according to the manufacturer’s instructions. Piroplasmida (Babesia spp., Theileria spp., Cytauxzoon spp.) detection was performed using an SYBR Green real-time PCR with the primers BJ1-BN2 previously described [71]. The reactions were carried out in a total volume of 20 µL, containing 10 µL of QuantiFast SYBR Green PCR Master mix 2X (Qiagen GmbH, Germany), 0.1 µM of sense and reverse primers and 3 µL of extracted DNA. Amplifications were performed in a StepOnePlus™ instrument (Applied Biosystems, Foster City, CA, USA). The thermal profile consisted of 5 min of activation at 95 °C, followed by 40 cycles at 95 °C for 15 s and 60 °C for 1 min. Following amplification, a melting curve analysis was performed by slowly raising the temperature of the thermal chamber from 60 °C to 95 °C to discriminate between specific amplicons and non-specific amplification products. The samples were also screened for Mycoplasma spp. using the primers from Willy et al., 2009 [72]. The Mycoplasma spp. positive samples were amplified with the primers MycE929f- MycE1182r (16S rRNA gene) to allow the sequencing and identification of the species [73].



Amplification products were directly sequenced to identify the species. All PCR products were purified and sequenced in both directions using the same forward and reverse primers using the ABI PRISM 3130 Genetic Analyzer (Applied Biosystems, Carlsbad, CA, USA). Nucleotide sequences were compared with representative sequences available in GenBank using the Basic Local Alignment Search Tool (BLAST). Phylogenetic analyses were carried out using the neighbor-joining (N-J) method, with 1000 bootstrap replicates implemented in the MEGA 6 program [74].



The three samples tested positive to Piroplasmida PCR assay, and the sequences showed positivity to Cytauxzoon sp. Cat n. 1 and cat n. 2 results indicated co-infection with Candidatus Mycoplasma turicensis.



The sequences of cat n. 1 and cat n. 3 presented 100% query cover and 100% identity with Cytauxzoon sp. sequences isolated from cats from Germany and Switzerland (MN629916, MF503146). The sequence of cat n. 2 presented one nucleotide of difference with respect to the first two and presented 100% query cover and 100% identity with Cytauxzoon sp. sequences isolated from cats from Switzerland, Romania and France and from the Iberian lynx of Spain (MF503148, KT361081, EU622908 and EF094470). The sequences were deposited in GenBank under the accession numbers OM281707 (cat n.1), OM281708 (cat n.2) and OM281709 (cat n.3).



The phylogenetic analysis, based on an alignment of the sequences of this study and representative Cytauxzoon spp. sequences of partial 18S rDNA (Figure 2), showed that our isolates clustered with European Cytauxzoon sequences, which include the genotypes Cytauxzoon europeaus (EU1 genotype), Cytauxzoon otrantorum (EU2 genotype), and Cytauxzoon benethi (EU3 genotype) [38], and Cytauxzoon manul. Cytauxzoon felis from Brazil and USA belonged to a different cluster.




4. Discussion


The present study describes Cytauxzoon sp. infection in three autochthone cats living in central Italy (Umbria region), considered a non-endemic area. Furthermore, we describe, for the first time, the coinfection of this parasite with Candidatus Mycoplasma turicensis and FIV in domestic cats.



In the present study, all the cats were undergoing other diagnostic procedures. The detection of parasites in red blood cells at microscopic examination was accidental and the infection was confirmed by molecular analysis. In particular, cat n. 1 presented pale and subicteric mucous membranes and ulcers in the oral and nasal mucosa. Since these symptoms were non-specific and common to other coexisting diseases in the subject, it was not possible to determine with certainty the correlation with Cytauxzoon sp. Cat n. 2 showed no symptoms other than lameness, whereas cat n. 3 showed clinical signs including weight loss, depression, dysorexia, lethargy, emaciation, and sialorrhea, probably associated with oral neoplasia rather than parasite infection.



Clinical data on Cytauxzoon sp. infection in the domestic cat in Europe have been sporadically reported. For example, case reports have been produced in France, Italy, Switzerland, Germany and Portugal [46,48,49,50,51,55]. Previous cases reported have reported fatal outcomes, but the majority of infected cats were apparently healthy [48,50,51,55,56]. The clinical signs reported in previous studies included hyperthermia (>40 °C), gastrointestinal signs (e.g., diarrhea, vomiting), weight loss, anorexia, abdominal pain, stomatitis, ulcerative dermatitis, lethargy, circling, vocalizations, icterus, and anemia [7]. Pancytopenia, splenomegaly and hepatomegaly are also common [75].



All the subjects in the present study had a low level of erythroparasitaemia. This data was in accordance with the study by Carli et al., which showed subclinical erythroparasitaemia in the majority of infected cats [55]. Regarding Cytauxzoon felis, the erythrocytic (piroplasmatic) phase is relatively innocuous and does not cause severe clinical signs in cats, whereas the tissue (schizont) phase results in clinical signs of systemic disease [1]. In Cytauxzoon sp. infection, the same development can be assumed, but the lack of histological examination in our cases did not allow evaluation of this data. In the cases reported here, laboratory abnormalities included non-regenerative anemia (cat n. 1 and n. 3), thrombocytopenia (cat n. 1 and n. 3), neutropenia (cat n. 3), leukopenia (cat n. 3), hyperbilirubinemia (cat n. 1), hyperglycemia (cat n. 2), hypoalbuminemia (cat n. 2) and, in all cases, mild elevations of hepatic enzyme activity and urea.



These laboratory findings were consistent with previous reports. In particular, anemia is a recurrent finding, both in sick cats and in apparently healthy cats [46,48,49,51,55]. Normocytic, normochromic, non-regenerative anemia is a common finding during infection by Cytauxzoon felis and develops relatively late in the course of the disease [1]. This could, in part, be due to phagocytosis of red blood cells because erythro-phagocytosis is a prominent finding in many organs [1]. In our cases, it was not possible to associate non-regenerative anemia only with Cytauxzoon sp. infection because two anemic cats had co-infections (cat n. 1 with FIV and Mycoplasma sp. and cat n. 3 with FIV). Different feline hemoplasma species have different pathogenic features [73]. In particular, Candidatus Mycoplasma turicensis does not exclusively determine hemolytic anemia; the development of mild to moderate anemia could be due to predisposing concurrent disease or immune suppression [73,76,77,78,79]. Thrombocytopenia was present in the two anemic cats. Thrombocytopenia is seen in many cats with cytauxzoonosis. This may result from increased consumption of platelets due to DIC [1]. In our cases, no hemostatic profiles were performed to confirm this hypothesis, although the two thrombocytopenic cats showed no clinical signs related to DIC. Consistent with data reported in the literature, in our cases, hyperbilirubinemia, an increase in liver enzymes, hypoalbuminemia and hyperglycemia were nonspecific chemistry changes found [1]. The increased urea concentrations seen in all three cats might be due to dehydration, but renal azotemia could not be ruled out due to a lack of urinalysis. An increase in urea levels has been reported, but in only a few cases was this associated with an increase in creatinine concentrations that might be related to renal disease [46,55]. In the other cases, there was only a mild/moderate increase in azotemia of uncertain origin [48,49,55]. Molecular analyses, as expected, showed that isolates in our samples were different from Cytauxzoon felis. In the phylogenetic tree our sequences clustered in the group of Italian sequences of Felis silvestris belonging to the genotype EU1. This genotype is the most frequently found and is also present in Germany, Romania, the Czech Republic and Bosnia Herzegovina. However, the uniformity of the 18S rDNA sequences did not allow a clear genospecies delineation to separate the EU1 genotype from the EU2 minor genotype or the rare EU3 genotype, both present in Romania [38].



It is not yet known whether this new distinction between species is related to differential severity of the disease. This complicates the picture where there are co-infections with other pathogens.



In the present study, two cases (cat n. 1 and cat n. 3) were also positive for FIV infection and two cats (cat n. 1 and cat n. 2) were co-infected by Candidatus Mycoplasma turicensis.



In cytauxzoonosis, the role of coinfection is unclear. Cytauxzoon sp. seems less virulent than Cytauxzoon felis and it has been suggested that disease and clinical symptoms could develop preferentially in cases of concurrent disease or in cases of immunodeficiency [55]. Retroviral or haemoplasma co-infections could exacerbate clinical outcomes [51]; however, no previous relationship has been described between Cytauxzoon sp. and retroviral infections [55,80]. We assume that, as a result of the immunosuppression state due to FIV, the Cytauxzoon sp. could contribute as an opportunistic factor triggering the clinical pictures. However, the clinical role of Cytauxzoon sp. in domestic cats without immunosuppression and coinfections remains debatable [46].



To the best of our knowledge, in the domestic cat, no report of natural coinfection by Cytauxzoon sp. and Candidatus Mycoplasma turicensis has been described. There are only two Brazilian studies that have documented natural coinfection of Cytauxzoon felis and Candidatus Mycoplasma haemominutum in three domestic cats [81,82]. However, previous Italian studies showed that Candidatus Mycoplasma turicensis has a low prevalence, ranging from 0.2% to 5.1% [60,73,83,84].



All three cats received doxycycline as the first therapeutic regime. Regarding Cytauxzoon sp., different therapeutic treatments have been used with varying efficacy [48,49,50,55]. Recent studies have suggested that the most effective therapeutic treatment for acute Cytauxzoon felis infection is the combination of atovaquone and azithromycin [85]. Pending the results of the molecular investigation, the choice to use doxycycline was linked to the clinical conditions of the subjects, the suspicion of Candidatus Mycoplasma sp. infection, limited knowledge about therapy for Cytauxzoon sp. infection, and the limited economic resources of the owners. Unfortunately, we have no data about follow up and the efficacy of therapy cannot be reported.



The subjects reported in the present study were autochthonous cats. In Italy, studies have been conducted in different geographic areas with different results. A study on the endemicity of Cytauxzoon sp. in owned and colony domestic cats in the north-eastern area of Italy (Trieste) reported a 23% prevalence [55]. In contrast, in a recent study conducted in a larger area of north-eastern Italy (including Veneto, Friuli-Venezia Giulia, Trentino Alto-Adige regions) 3.8% positivity was found [61]. A positivity of 2.4% was found in another study, including other regions of northern Italy (Emilia Romagna region) [58]. Conversely, different epidemiological studies carried out in other areas of northern and central Italy have not detected the presence of Cytauxzoon sp. [57,59]. For example, in central Italy (Umbria region), in one study including 166 cats, no positivity was found for this pathogen [57], while another report describes two cases of Cytauxzoon sp. infection in free-ranging cats (Lazio region) [49].



This data supports the view that these hemoprotozoa occur in hyper-endemic foci or “hot spots” within the same country, as previously demonstrated in the USA [65]. This difference in prevalence between regions belonging to the same geographical area was accounted for by the presence of rural areas or cases of urban areas near wooded land, and to the lower use of pesticides in certain regions compared to cities [59].



In agreement with other reports, all cats described in the present study lived in rural areas with outdoor access. Furthermore, they received irregular preventative treatment against ectoparasites and did not have any travel history. At the time of admission, no cats showed the presence of ticks, but this means of transmission of the pathogen cannot be excluded as this lifestyle predisposes to higher exposure to tick vectors [37,55]. In particular, a significant association between the detection of Cytauxzoon sp. in domestic cats with an outdoor lifestyle has been reported, mostly in rural areas [55,56]. Although reservoirs in Europe have not been definitively identified, Ixodes spp. and/or Dermacentor spp. ticks could be involved in the transmission of Cytauxzoon sp. [75].



European domestic cats could be acting as reservoirs for Cytauxzoon sp. and could be a possible source of infection [37,55]. In Italy, the presence of Cytauxzoon sp. in some wild cats (Felis silvestris silvestris) was reported only in some regions (e.g., Marche, Latium, Friuli Venetia Giulia) [47]. In our cases, no contacts with wild animals were reported, but this route of transmission cannot be ruled out. Aggressive interactions could also be considered as a further means of transmission. This means of transmission has not been described for Cytauxzoon sp. but, interestingly, an experimental study showed that aggressive interactions (e.g., cat bites) can induce direct transmission of Candidatus Mycoplasma turicensis via exposure to blood from an infected cat [86]. This event could also be hypothesized for Cytauxzoon sp., as cats n. 1 and 2 were coinfected with Candidatus Mycoplasma turicensis. Although experimental studies failed to demonstrate perinatal transmission of Cytauxzoon felis in domestic cats [87], the transmission of Cytauxzoon sp. via vertical transmission, as well as via blood transfusion, has been documented [49,51]. However, in the present study, there was no previous data to support these hypotheses of transmission.




5. Conclusions


This report describes the accidental detection of Cytauxzoon sp. in domestic cats of central Italy without specific clinical signs. Furthermore, it provides the first report of coinfection with Candidatus Mycoplasma turicensis in two cats.



Cytauxzoonosis should be included among differential diagnoses in nonendemic areas, such as Italy, in the presence of coinfections, in subjects with the possibility of contact with ticks, and in blood donors [88,89,90,91]. There is a significant need to improve knowledge of the distribution of vector-borne diseases affecting the autochthonous feline population and to describe the potential role of the cat as a reservoir in central Italy and the potential impact of the Cytauxzoon infection on the patient.







Author Contributions


Conceptualization, M.T.A. and A.M.; methodology, F.R., M.D.T., M.T.A., S.R. and A.M.; software, S.R.; validation, M.T.A., S.R. and A.M.; formal analysis, M.T.A., S.R. and A.M.; investigation, M.T.A., S.R., M.V., G.C. and A.M.; resources, M.T.A.; data curation, M.T.A., S.R. and A.M.; writing—original draft preparation F.R., M.D.T., A.M., S.R. and M.T.A.; writing—review and editing, F.R., M.D.T., A.M., S.R., M.V., G.C. and M.T.A.; visualization, M.T.A., S.R. and A.M.; supervision, M.T.A.; project administration, M.T.A. and A.M.; funding acquisition, M.T.A. and S.R. All authors have read and agreed to the published version of the manuscript.




Funding


This research received no external funding.




Institutional Review Board Statement


Not applicable.




Informed Consent Statement


Informed consent was obtained from all subjects involved in the study.




Data Availability Statement


All data are reported in the article.




Conflicts of Interest


The authors declare no conflict of interest.




References


	



Meinkoth, J.H.; Kocan, A.A. Feline Cytauxzoonosis. Vet. Clin. N. Am. Small Anim. Pract. 2005, 35, 89–101. [Google Scholar] [CrossRef]

	



Brown, H.M.; Lockhart, J.M.; Latimer, K.S.; Peterson, D.S. Identification and Genetic Characterization of Cytauxzoon Felis in Asymptomatic Domestic Cats and Bobcats. Vet. Parasitol. 2010, 172, 311–316. [Google Scholar] [CrossRef]

	



Shock, B.C.; Birkenheuer, A.J.; Patton, L.L.; Olfenbuttel, C.; Beringer, J.; Grove, D.M.; Peek, M.; Butfiloski, J.W.; Hughes, D.W.; Lockhart, J.M.; et al. Variation in the ITS-1 and ITS-2 RRNA Genomic Regions of Cytauxzoon Felis from Bobcats and Pumas in the Eastern United States and Comparison with Sequences from Domestic Cats. Vet. Parasitol. 2012, 190, 29–35. [Google Scholar] [CrossRef] [PubMed]

	



Glenn, B.L.; Rolley, R.E.; Kocan, A.A. Cytauxzoon-like Piroplasms in Erythrocytes of Wild-Trapped Bobcats in Oklahoma. J. Am. Vet. Med. Assoc. 1982, 181, 1251–1253. [Google Scholar] [PubMed]

	



Glenn, B.L.; Kocan, A.A.; Blouin, E.F. Cytauxzoonosis in Bobcats. J. Am. Vet. Med. Assoc. 1983, 183, 1155–1158. [Google Scholar]

	



Hoover, J.P.; Walker, D.B.; Hedges, J.D. Cytauxzoonosis in Cats: Eight Cases (1985–1992). J. Am. Vet. Med. Assoc. 1994, 205, 455–460. [Google Scholar] [PubMed]

	



Birkenheuer, A.J.; Le, J.A.; Valenzisi, A.M.; Tucker, M.D.; Levy, M.G.; Breitschwerdt, E.B. Cytauxzoon Felis Infection in Cats in the Mid-Atlantic States: 34 Cases (1998–2004). J. Am. Vet. Med. Assoc. 2006, 228, 568–571. [Google Scholar] [CrossRef]

	



Hauck, W.N.; Snider, T.G.; Lawrence, J.E. Cytauxzoonosis in a Native Louisiana Cat. J. Am. Vet. Med. Assoc. 1982, 180, 1472–1474. [Google Scholar]

	



Meinkoth, J.; Kocan, A.A.; Whitworth, L.; Murphy, G.; Fox, J.C.; Woods, J.P. Cats Surviving Natural Infection with Cytauxzoon Felis: 18 Cases (1997–1998). J. Vet. Intern. Med. 2000, 14, 521–525. [Google Scholar] [CrossRef]

	



Meier, H.T.; Moore, L.E. Feline Cytauxzoonosis: A Case Report and Literature Review. J. Am. Anim. Hosp. Assoc. 2000, 36, 493–496. [Google Scholar] [CrossRef]

	



Miller, J.; Davis, C.D. Increasing Frequency of Feline Cytauxzoonosis Cases Diagnosed in Western Kentucky from 2001 to 2011. Vet. Parasitol. 2013, 198, 205–208. [Google Scholar] [CrossRef] [PubMed]

	



Blouin, E.F.; Kocan, A.A.; Glenn, B.L.; Kocan, K.M.; Hair, J.A. Transmission of Cytauxzoon Felis Kier, 1979 from Bobcats, Felis Rufus (Schreber), to Domestic Cats by Dermacentor Variabilis (Say). J. Wildl. Dis. 1984, 20, 241–242. [Google Scholar] [CrossRef] [PubMed]

	



Blouin, E.F.; Kocan, A.A.; Kocan, K.M.; Hair, J. Evidence of a Limited Schizogonous Cycle for Cytauxzoon Felis in Bobcats Following Exposure to Infected Ticks. J. Wildl. Dis. 1987, 23, 499–501. [Google Scholar] [CrossRef]

	



Birkenheuer, A.J.; Marr, H.S.; Warren, C.; Acton, A.E.; Mucker, E.M.; Humphreys, J.G.; Tucker, M.D. Cytauxzoon Felis Infections Are Present in Bobcats (Lynx Rufus) in a Region Where Cytauxzoonosis Is Not Recognized in Domestic Cats. Vet. Parasitol. 2008, 153, 126–130. [Google Scholar] [CrossRef] [PubMed]

	



Reichard, M.V.; Meinkoth, J.H.; Edwards, A.C.; Snider, T.A.; Kocan, K.M.; Blouin, E.F.; Little, S.E. Transmission of Cytauxzoon Felis to a Domestic Cat by Amblyomma Americanum. Vet. Parasitol. 2009, 161, 110–115. [Google Scholar] [CrossRef]

	



Reichard, M.V.; Edwards, A.C.; Meinkoth, J.H.; Snider, T.A.; Meinkoth, K.R.; Heinz, R.E.; Little, S.E. Confirmation of Amblyomma Americanum (Acari: Ixodidae) as a Vector for Cytauxzoon Felis (Piroplasmorida: Theileriidae) to Domestic Cats. J. Med. Entomol. 2010, 47, 890–896. [Google Scholar] [CrossRef]

	



Allen, K.E.; Thomas, J.E.; Wohltjen, M.L.; Reichard, M.V. Transmission of Cytauxzoon Felis to Domestic Cats by Amblyomma Americanum Nymphs. Parasites Vectors 2019, 12, 28. [Google Scholar] [CrossRef]

	



Thomas, J.E.; Ohmes, C.M.; Payton, M.E.; Hostetler, J.A.; Reichard, M.V. Minimum Transmission Time of Cytauxzoon Felis by Amblyomma Americanum to Domestic Cats in Relation to Duration of Infestation, and Investigation of Ingestion of Infected Ticks as a Potential Route of Transmission. J. Feline Med. Surg. 2018, 20, 67–72. [Google Scholar] [CrossRef]

	



Little, S.E.; Barrett, A.W.; Nagamori, Y.; Herrin, B.H.; Normile, D.; Heaney, K.; Armstrong, R. Ticks from Cats in the United States: Patterns of Infestation and Infection with Pathogens. Vet. Parasitol. 2018, 257, 15–20. [Google Scholar] [CrossRef]

	



Shock, B.C.; Lockhart, J.M.; Birkenheuer, A.J.; Yabsley, M.J. Detection of a Babesia Species in a Bobcat from Georgia. Sena 2013, 12, 243–247. [Google Scholar] [CrossRef]

	



Zieman, E.A.; Jiménez, F.A.; Nielsen, C.K. Concurrent Examination of Bobcats and Ticks Reveals High Prevalence of Cytauxzoon Felis in Southern Illinois. J. Parasitol. 2017, 103, 343–348. [Google Scholar] [CrossRef] [PubMed]

	



Yabsley, M.J.; Murphy, S.M.; Cunningham, M.W. Molecular Detection and Characterization of Cytauxzoon Felis and a Babesia Species in Cougars from Florida. J. Wildl. Dis. 2006, 42, 366–374. [Google Scholar] [CrossRef]

	



Harvey, J.W.; Dunbar, M.R.; Norton, T.M.; Yabsley, M.J. Laboratory Findings in Acute Cytauxzoon Felis Infection in Cougars (Puma Concolor Couguar) in Florida. J. Zoo Wildl. Med. 2007, 38, 285–291. [Google Scholar] [CrossRef]

	



Rotstein, D.S.; Taylor, S.K.; Harvey, J.W.; Bean, J. Hematologic Effects of Cytauxzoonosis in Florida Panthers and Texas Cougars in Florida. J. Wildl. Dis. 1999, 35, 613–617. [Google Scholar] [CrossRef]

	



André, M.R.; Adania, C.H.; Machado, R.Z.; Allegretti, S.M.; Felippe, P.A.N.; Silva, K.F.; Nakaghi, A.C.H.; Dagnone, A.S. Molecular Detection of Cytauxzoon Spp. in Asymptomatic Brazilian Wild Captive Felids. J. Wildl. Dis. 2009, 45, 234–237. [Google Scholar] [CrossRef]

	



Filoni, C.; Catão-Dias, J.L.; Cattori, V.; Willi, B.; Meli, M.L.; Corrêa, S.H.R.; Marques, M.C.; Adania, C.H.; Silva, J.C.R.; Marvulo, M.F.V.; et al. Surveillance Using Serological and Molecular Methods for the Detection of Infectious Agents in Captive Brazilian Neotropic and Exotic Felids. J. Vet. Diagn. Investig. 2012, 24, 166–173. [Google Scholar] [CrossRef]

	



Peixoto, P.V.; Soares, C.O.; Scofield, A.; Santiago, C.D.; França, T.N.; Barros, S.S. Fatal Cytauxzoonosis in Captive-Reared Lions in Brazil. Vet. Parasitol. 2007, 145, 383–387. [Google Scholar] [CrossRef] [PubMed]

	



Zinkl, J.G.; McDonald, S.E.; Kier, A.B.; Cippa, S.J.; Small, P.J. Cytauxzoon-like Organisms in Erythrocytes of Two Cheetahs. J. Am. Vet. Med. Assoc. 1981, 179, 1261–1262. [Google Scholar]

	



Furtado, M.M.; Taniwaki, S.A.; Metzger, B.; Dos Santos Paduan, K.; O’Dwyer, H.L.; de Almeida Jácomo, A.T.; Porfírio, G.E.O.; Silveira, L.; Sollmann, R.; Tôrres, N.M.; et al. Is the Free-Ranging Jaguar (Panthera Onca) a Reservoir for Cytauxzoon Felis in Brazil? Ticks Tick Borne Dis. 2017, 8, 470–476. [Google Scholar] [CrossRef]

	



Zou, F.-C.; Li, Z.; Yang, J.-F.; Chang, J.-Y.; Liu, G.-H.; Lv, Y.; Zhu, X.-Q. Cytauxzoon Felis Infection in Domestic Cats, Yunnan Province, China, 2016. Emerg. Infect. Dis. 2019, 25, 353–354. [Google Scholar] [CrossRef] [PubMed]

	



Ceylan, O.; Xuan, X.; Sevinc, F. Primary Tick-Borne Protozoan and Rickettsial Infections of Animals in Turkey. Pathogens 2021, 10, 231. [Google Scholar] [CrossRef] [PubMed]

	



Karaca, M.; Akkan, H.A.; Tutuncu, M.; Özdal, N.; Değer, S.; Ağaoğlu, Z. Cytauxzoonosis in Van Cats. YYÜ VET FAK DERG 2007, 18, 37–39. [Google Scholar]

	



Soares, C.O. Cytauxzoonose felina é diagnosticada e isolada pela primeira vez na América Latina. Revista Clín. Vet. 2001, 32, 56–58. [Google Scholar]

	



Zaeem, M.; Razmi, G.; Khoshnegah, J. The First Detection of Cytauxzoon Felis in a Wild Cat (Felis Silvestris) in Iran. Comp. Clin. Pathol. 2014, 24, 181–184. [Google Scholar] [CrossRef]

	



García-Bocanegra, I.; Dubey, J.P.; Martínez, F.; Vargas, A.; Cabezón, O.; Zorrilla, I.; Arenas, A.; Almería, S. Factors Affecting Seroprevalence of Toxoplasma Gondii in the Endangered Iberian Lynx (Lynx Pardinus). Vet. Parasitol. 2010, 167, 36–42. [Google Scholar] [CrossRef]

	



Meli, M.L.; Cattori, V.; Martínez, F.; López, G.; Vargas, A.; Simón, M.A.; Zorrilla, I.; Muñoz, A.; Palomares, F.; López-Bao, J.V.; et al. Feline Leukemia Virus and Other Pathogens as Important Threats to the Survival of the Critically Endangered Iberian Lynx (Lynx Pardinus). PLoS ONE 2009, 4, e4744. [Google Scholar] [CrossRef] [PubMed]

	



Alvarado-Rybak, M.; Solano-Gallego, L.; Millán, J. A Review of Piroplasmid Infections in Wild Carnivores Worldwide: Importance for Domestic Animal Health and Wildlife Conservation. Parasites Vectors 2016, 9, 538. [Google Scholar] [CrossRef] [PubMed]

	



Panait, L.C.; Mihalca, A.D.; Modrý, D.; Juránková, J.; Ionică, A.M.; Deak, G.; Gherman, C.M.; Heddergott, M.; Hodžić, A.; Veronesi, F.; et al. Three New Species of Cytauxzoon in European Wild Felids. Vet. Parasitol. 2021, 290, 109344. [Google Scholar] [CrossRef]

	



Ketz-Riley, C.J.; Reichard, M.V.; Van den Bussche, R.A.; Hoover, J.P.; Meinkoth, J.; Kocan, A.A. An Intraerythrocytic Small Piroplasm in Wild-Caught Pallas’s Cats (Otocolobus Manul) from Mongolia. J. Wildl. Dis. 2003, 39, 424–430. [Google Scholar] [CrossRef]

	



Reichard, M.V.; Van Den Bussche, R.A.; Meinkoth, J.H.; Hoover, J.P.; Kocan, A.A. A New Species of Cytauxzoon from Pallas’ Cats Caught in Mongolia and Comments on the Systematics and Taxonomy of Piroplasmids. J. Parasitol. 2005, 91, 420–426. [Google Scholar] [CrossRef]

	



Malangmei, L.; Ajith Kumar, K.G.; Nandini, A.; Bora, C.A.F.; Varghese, A.; Amrutha, B.M.; Kurbet, P.S.; Pradeep, R.K.; Nimisha, M.; Deepa, C.K.; et al. Molecular Characterization of Hemoparasites and Hemoplasmas Infecting Domestic Cats of Southern India. Front. Vet. Sci. 2020, 7, 597598. [Google Scholar] [CrossRef]

	



Rassouli, M.; Sabouri, S.; Goudarzi, A.; Parsa, M. Cytauxzoon Felis in a Stray Cat in Iran. Comp. Clin. Pathol. 2015, 1, 75–77. [Google Scholar] [CrossRef]

	



Leclaire, S.; Menard, S.; Berry, A. Molecular Characterization of Babesia and Cytauxzoon Species in Wild South-African Meerkats. Parasitology 2015, 142, 543–548. [Google Scholar] [CrossRef] [PubMed]

	



Jinnai, M.; Kawabuchi-Kurata, T.; Tsuji, M.; Nakajima, R.; Hirata, H.; Fujisawa, K.; Shiraki, H.; Asakawa, M.; Nasuno, T.; Ishihara, C. Molecular Evidence of the Multiple Genotype Infection of a Wild Hokkaido Brown Bear (Ursus Arctos Yesoensis) by Babesia Sp. UR1. Vet. Parasitol. 2010, 173, 128–133. [Google Scholar] [CrossRef]

	



Ortuño, M.; Nachum-Biala, Y.; García-Bocanegra, I.; Resa, M.; Berriatua, E.; Baneth, G. An Epidemiological Study in Wild Carnivores from Spanish Mediterranean Ecosystems Reveals Association between Leishmania Infantum, Babesia Spp. and Hepatozoon Spp. Infection and New Hosts for Hepatozoon Martis, Hepatozoon Canis and Sarcocystis spp. Transbound. Emerg. Dis. 2021. [Google Scholar] [CrossRef] [PubMed]

	



Panait, L.C.; Stock, G.; Globokar, M.; Balzer, J.; Groth, B.; Mihalca, A.D.; Pantchev, N. First Report of Cytauxzoon Sp. Infection in Germany: Organism Description and Molecular Confirmation in a Domestic Cat. Parasitol. Res. 2020, 119, 3005–3011. [Google Scholar] [CrossRef] [PubMed]

	



Veronesi, F.; Ravagnan, S.; Cerquetella, M.; Carli, E.; Olivieri, E.; Santoro, A.; Pesaro, S.; Berardi, S.; Rossi, G.; Ragni, B.; et al. First Detection of Cytauxzoon Spp. Infection in European Wildcats (Felis Silvestris Silvestris) of Italy. Ticks Tick Borne Dis. 2016, 7, 853–858. [Google Scholar] [CrossRef] [PubMed]

	



Alho, A.M.; Silva, J.; Fonseca, M.J.; Santos, F.; Nunes, C.; de Carvalho, L.M.; Rodrigues, M.; Cardoso, L. First Report of Cytauxzoon Sp. Infection in a Domestic Cat from Portugal. Parasites Vectors 2016, 9, 220. [Google Scholar] [CrossRef]

	



Carli, E.; Trotta, M.; Bianchi, E.; Furlanello, T.; Caldin, M.; Pietrobelli, M.; Solano-Gallego, L. Cytauxzoon Sp. Infection in Two Free Ranging Young Cats: Clinicopathological Findings, Therapy and Follow Up. Turkiye Parazitol. Derg. 2014, 38, 185–189. [Google Scholar] [CrossRef] [PubMed]

	



Legroux, J.-P.; Halos, L.; René-Martellet, M.; Servonnet, M.; Pingret, J.-L.; Bourdoiseau, G.; Baneth, G.; Chabanne, L. First Clinical Case Report of Cytauxzoon Sp. Infection in a Domestic Cat in France. BMC Vet. Res. 2017, 13, 81. [Google Scholar] [CrossRef]

	



Nentwig, A.; Meli, M.L.; Schrack, J.; Reichler, I.M.; Riond, B.; Gloor, C.; Howard, J.; Hofmann-Lehmann, R.; Willi, B. First Report of Cytauxzoon Sp. Infection in Domestic Cats in Switzerland: Natural and Transfusion-Transmitted Infections. Parasites Vectors 2018, 11, 292. [Google Scholar] [CrossRef] [PubMed]

	



Gallusová, M.; Jirsová, D.; Mihalca, A.D.; Gherman, C.M.; D’Amico, G.; Qablan, M.A.; Modrý, D. Cytauxzoon Infections in Wild Felids from Carpathian-Danubian-Pontic Space: Further Evidence for a Different Cytauxzoon Species in European Felids. J. Parasitol. 2016, 102, 377–380. [Google Scholar] [CrossRef] [PubMed]

	



Mylonakis, M.E.; Schreeg, M.; Chatzis, M.K.; Pearce, J.; Marr, H.S.; Saridomichelakis, M.N.; Birkenheuer, A.J. Molecular Detection of Vector-Borne Pathogens in Greek Cats. Ticks Tick Borne Dis. 2018, 9, 171–175. [Google Scholar] [CrossRef] [PubMed]

	



Criado-Fornelio, A.; Buling, A.; Pingret, J.L.; Etievant, M.; Boucraut-Baralon, C.; Alongi, A.; Agnone, A.; Torina, A. Hemoprotozoa of Domestic Animals in France: Prevalence and Molecular Characterization. Vet. Parasitol. 2009, 159, 73–76. [Google Scholar] [CrossRef]

	



Carli, E.; Trotta, M.; Chinelli, R.; Drigo, M.; Sinigoi, L.; Tosolini, P.; Furlanello, T.; Millotti, A.; Caldin, M.; Solano-Gallego, L. Cytauxzoon Sp. Infection in the First Endemic Focus Described in Domestic Cats in Europe. Vet. Parasitol. 2012, 183, 343–352. [Google Scholar] [CrossRef] [PubMed]

	



Díaz-Regañón, D.; Villaescusa, A.; Ayllón, T.; Rodríguez-Franco, F.; Baneth, G.; Calleja-Bueno, L.; García-Sancho, M.; Agulla, B.; Sainz, Á. Molecular Detection of Hepatozoon Spp. and Cytauxzoon Sp. in Domestic and Stray Cats from Madrid, Spain. Parasites Vectors 2017, 10, 112. [Google Scholar] [CrossRef]

	



Morganti, G.; Veronesi, F.; Stefanetti, V.; Di Muccio, T.; Fiorentino, E.; Diaferia, M.; Santoro, A.; Passamonti, F.; Gramiccia, M. Emerging Feline Vector-Borne Pathogens in Italy. Parasites Vectors 2019, 12, 193. [Google Scholar] [CrossRef]

	



Ebani, V.V.; Guardone, L.; Marra, F.; Altomonte, I.; Nardoni, S.; Mancianti, F. Arthropod-Borne Pathogens in Stray Cats from Northern Italy: A Serological and Molecular Survey. Animals 2020, 10, 2334. [Google Scholar] [CrossRef]

	



Spada, E.; Proverbio, D.; Galluzzo, P.; Perego, R.; Bagnagatti De Giorgi, G.; Roggero, N.; Caracappa, S. Frequency of Piroplasms Babesia Microti and Cytauxzoon Felis in Stray Cats from Northern Italy. Biomed Res. Int. 2014, 2014, 943754. [Google Scholar] [CrossRef]

	



Persichetti, M.F.; Pennisi, M.G.; Vullo, A.; Masucci, M.; Migliazzo, A.; Solano-Gallego, L. Clinical Evaluation of Outdoor Cats Exposed to Ectoparasites and Associated Risk for Vector-Borne Infections in Southern Italy. Parasites Vectors 2018, 11, 136. [Google Scholar] [CrossRef]

	



Grillini, M.; Simonato, G.; Tessarin, C.; Dotto, G.; Traversa, D.; Cassini, R.; Marchiori, E.; Frangipane di Regalbono, A. Cytauxzoon Sp. and Hepatozoon Spp. in Domestic Cats: A Preliminary Study in North-Eastern Italy. Pathogens 2021, 10, 1214. [Google Scholar] [CrossRef]

	



Solano-Gallego, L. Best known and less known hemoprotozoa of pets. In Proceedings of the XXXI Congress SoIPa & ESDA EVENT, Teramo, Italy, 16–19 June 2021; p. 41. [Google Scholar]

	



Wang, J.-L.; Li, T.-T.; Liu, G.-H.; Zhu, X.-Q.; Yao, C. Two Tales of Cytauxzoon Felis Infections in Domestic Cats. Clin. Microbiol. Rev. 2017, 30, 861–885. [Google Scholar] [CrossRef] [PubMed]

	



Clarke, L.L.; Krimer, P.M.; Rissi, D.R. Glial Changes and Evidence for Apoptosis in the Brain of Cats Infected by Cytauxzoon Felis. J. Comp. Pathol. 2017, 156, 147–151. [Google Scholar] [CrossRef]

	



Haber, M.D.; Tucker, M.D.; Marr, H.S.; Levy, J.K.; Burgess, J.; Lappin, M.R.; Birkenheuer, A.J. The Detection of Cytauxzoon Felis in Apparently Healthy Free-Roaming Cats in the USA. Vet. Parasitol. 2007, 146, 316–320. [Google Scholar] [CrossRef]

	



Brown, H.M.; Latimer, K.S.; Erikson, L.E.; Cashwell, M.E.; Britt, J.O.; Peterson, D.S. Detection of Persistent Cytauxzoon Felis Infection by Polymerase Chain Reaction in Three Asymptomatic Domestic Cats. J. Vet. Diagn. Investig. 2008, 20, 485–488. [Google Scholar] [CrossRef] [PubMed]

	



Lewis, K.M.; Cohn, L.A.; Downey, M.E.; Whitney, M.S.; Birkenheuer, A.J. Evaluation of Cytauxzoon Felis Infection Status in Captive-Born Wild Felids Housed in an Area Endemic for the Pathogen. J. Am. Vet. Med. Assoc. 2012, 241, 1088–1092. [Google Scholar] [CrossRef] [PubMed]

	



Wikander, Y.M.; Kang, Q.; Reif, K.E. Acute Cytauxzoon Felis Cases in Domestic Cats from Eastern Kansas, a Retrospective Case-Control Study (2006–2019). Vet. Sci. 2020, 7, 205. [Google Scholar] [CrossRef]

	



Rizzi, T.E.; Reichard, M.V.; Cohn, L.A.; Birkenheuer, A.J.; Taylor, J.D.; Meinkoth, J.H. Prevalence of Cytauxzoon Felis Infection in Healthy Cats from Enzootic Areas in Arkansas, Missouri, and Oklahoma. Parasites Vectors 2015, 8, 13. [Google Scholar] [CrossRef]

	



Cohn, L.A.; Shaw, D.; Shoemake, C.; Birkenheuer, A.J. Second Illness Due to Subsequent Cytauxzoon Felis Infection in a Domestic Cat. JFMS Open Rep. 2020, 6, 2055116920908963. [Google Scholar] [CrossRef]

	



Casati, S.; Sager, H.; Gern, L.; Piffaretti, J.-C. Presence of Potentially Pathogenic Babesia Sp. for Human in Ixodes Ricinus in Switzerland. Ann. Agric. Environ. Med. 2006, 13, 65–70. [Google Scholar]

	



Willi, B.; Meli, M.L.; Lüthy, R.; Honegger, H.; Wengi, N.; Hoelzle, L.E.; Reusch, C.E.; Lutz, H.; Hofmann-Lehmann, R. Development and Application of a Universal Hemoplasma Screening Assay Based on the SYBR Green PCR Principle. J. Clin. Microbiol. 2009, 47, 4049–4054. [Google Scholar] [CrossRef] [PubMed]

	



Ravagnan, S.; Carli, E.; Piseddu, E.; Da Rold, G.; Porcellato, E.; Zanardello, C.; Carminato, A.; Vascellari, M.; Capelli, G. Prevalence and Molecular Characterization of Canine and Feline Hemotropic Mycoplasmas (Hemoplasmas) in Northern Italy. Parasites Vectors 2017, 10, 132. [Google Scholar] [CrossRef] [PubMed]

	



Tamura, K.; Stecher, G.; Peterson, D.; Filipski, A.; Kumar, S. MEGA6: Molecular Evolutionary Genetics Analysis Version 6.0. Mol. Biol. Evol. 2013, 30, 2725–2729. [Google Scholar] [CrossRef] [PubMed]

	



Sherrill, M.K.; Cohn, L.A. Cytauxzoonosis: Diagnosis and Treatment of an Emerging Disease. J. Feline Med. Surg. 2015, 17, 940–948. [Google Scholar] [CrossRef]

	



Berent, L.M.; Messick, J.B.; Cooper, S.K. Detection of Haemobartonella Felis in Cats with Experimentally Induced Acute and Chronic Infections, Using a Polymerase Chain Reaction Assay. Am. J. Vet. Res. 1998, 59, 1215–1220. [Google Scholar]

	



Foley, J.E.; Harrus, S.; Poland, A.; Chomel, B.; Pedersen, N.C. Molecular, Clinical, and Pathologic Comparison of Two Distinct Strains of Haemobartonella Felis in Domestic Cats. Am. J. Vet. Res. 1998, 59, 1581–1588. [Google Scholar]

	



Westfall, D.S.; Jensen, W.A.; Reagan, W.J.; Radecki, S.V.; Lappin, M.R. Inoculation of Two Genotypes of Hemobartonella Felis (California and Ohio Variants) to Induce Infection in Cats and the Response to Treatment with Azithromycin. Am. J. Vet. Res. 2001, 62, 687–691. [Google Scholar] [CrossRef]

	



Willi, B.; Boretti, F.S.; Cattori, V.; Tasker, S.; Meli, M.L.; Reusch, C.; Lutz, H.; Hofmann-Lehmann, R. Identification, Molecular Characterization, and Experimental Transmission of a New Hemoplasma Isolate from a Cat with Hemolytic Anemia in Switzerland. J. Clin. Microbiol. 2005, 43, 2581–2585. [Google Scholar] [CrossRef]

	



Mendes-de-Almeida, F.; Labarthe, N.; Guerrero, J.; Faria, M.C.F.; Branco, A.S.; Pereira, C.D.; Barreira, J.D.; Pereira, M.J.S. Follow-up of the Health Conditions of an Urban Colony of Free-Roaming Cats (Felis Catus Linnaeus, 1758) in the City of Rio de Janeiro, Brazil. Vet. Parasitol. 2007, 147, 9–15. [Google Scholar] [CrossRef]

	



André, M.R.; Filgueira, K.D.; Calchi, A.C.; de Sousa, K.C.M.; Gonçalves, L.R.; Medeiros, V.B.; Ximenes, P.A.; Lelis, I.C.N.G.; de Meireles, M.V.N.; Machado, R.Z. Co-Infection with Arthropod-Borne Pathogens in Domestic Cats. Rev. Bras. Parasitol. Vet. 2017, 26, 525–531. [Google Scholar] [CrossRef]

	



Maia, L.M.P.; de Mello Figueiredo Cerqueira, A.; de Barros Macieira, D.; de Souza, A.M.; Moreira, N.S.; da Silva, A.V.; Messick, J.B.; Ferreira, R.F.; Almosny, N.R.P. Cytauxzoon Felis and “Candidatus Mycoplasma Haemominutum” Coinfection in a Brazilian Domestic Cat (Felis Catus). Rev. Bras. Parasitol. Vet. 2013, 22, 289–291. [Google Scholar] [CrossRef]

	



Latrofa, M.S.; Iatta, R.; Toniolo, F.; Furlanello, T.; Ravagnan, S.; Capelli, G.; Schunack, B.; Chomel, B.; Zatelli, A.; Mendoza-Roldan, J.; et al. A Molecular Survey of Vector-Borne Pathogens and Haemoplasmas in Owned Cats across Italy. Parasites Vectors 2020, 13, 116. [Google Scholar] [CrossRef]

	



Gentilini, F.; Novacco, M.; Turba, M.E.; Willi, B.; Bacci, M.L.; Hofmann-Lehmann, R. Use of Combined Conventional and Real-Time PCR to Determine the Epidemiology of Feline Haemoplasma Infections in Northern Italy. J. Feline Med. Surg. 2009, 11, 277–285. [Google Scholar] [CrossRef]

	



Cohn, L.A.; Birkenheuer, A.J.; Brunker, J.D.; Ratcliff, E.R.; Craig, A.W. Efficacy of Atovaquone and Azithromycin or Imidocarb Dipropionate in Cats with Acute Cytauxzoonosis. J. Vet. Intern. Med. 2011, 25, 55–60. [Google Scholar] [CrossRef] [PubMed]

	



Museux, K.; Boretti, F.S.; Willi, B.; Riond, B.; Hoelzle, K.; Hoelzle, L.E.; Wittenbrink, M.M.; Tasker, S.; Wengi, N.; Reusch, C.E.; et al. In Vivo Transmission Studies of “Candidatus Mycoplasma Turicensis” in the Domestic Cat. Vet. Res. 2009, 40, 45. [Google Scholar] [CrossRef]

	



Lewis, K.M.; Cohn, L.A.; Birkenheuer, A.J. Lack of Evidence for Perinatal Transmission of Cytauxzoon Felis in Domestic Cats. Vet. Parasitol. 2012, 188, 172–174. [Google Scholar] [CrossRef]

	



Marenzoni, M.L.; Antognoni, M.T.; Baldelli, F.; Miglio, A.; Stefanetti, V.; Desario, C.; Di Summa, A.; Buonavoglia, C.; Decaro, N. Detection of Parvovirus and Herpesvirus DNA in the Blood of Feline and Canine Blood Donors. Vet. Microbiol. 2018, 224, 66–69. [Google Scholar] [CrossRef] [PubMed]

	



Tommaso, M.D.; Miglio, A.; Crisi, P.E.; Boari, A.; Rocconi, F.; Antognoni, M.T.; Luciani, A. Frequency of Blood Types A, B and AB in a Population of Non-Pedigree Domestic Cats from Central Italy. Animals 2020, 10, 1937. [Google Scholar] [CrossRef]

	



Marenzoni, M.L.; Lauzi, S.; Miglio, A.; Coletti, M.; Arbia, A.; Paltrinieri, S.; Antognoni, M.T. Comparison of Three Blood Transfusion Guidelines Applied to 31 Feline Donors to Minimise the Risk of Transfusion-Transmissible Infections. J. Feline Med. Surg. 2018, 20, 663–673. [Google Scholar] [CrossRef]

	



Antognoni, M.T.; Birettoni, F.; Miglio, A.; Lalli, P.; Porciello, F.; Mangili Pecci, V. Monoclonal gammopathy associated with multiple myeloma and visceral leishmaniasis in the dog: A comparison of two cases. Vet. Res. Commun. 2010, 34 (Suppl. 1), 97–101. [Google Scholar] [CrossRef]








[image: Vetsci 09 00050 g001 550] 





Figure 1. Stained blood smear showing a merozoite (arrow) within an erythrocyte in a domestic cat in central Italy. May–Grunwald–Giemsa stain, magnification of 100×. 
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Figure 2. Phylogenetic tree based on 18S rDNA gene partial sequences (~445 bp) of Cytauxzoon spp. (all Cytauxzoon species). The sequence dataset was analyzed using MEGA v6.0. The tree was constructed using the neighbor-joining (NJ) method and bootstrap analysis (1000 replicates) based on the ClustalW algorithm. Significant bootstrapping values (>70%) are shown on the nodes. Theileria spp. was used as outgroup. The sequences of this study, accession numbers OM281707–OM281709, are indicated by black dot (●). 
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Table 1. Cell blood count, biochemical analysis and rapid enzyme-linked immunosorbent assay test for FIV and FeLV of three domestic cats in central Italy.
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	Parameter
	Cat n. 1
	Cat n. 2
	Cat n. 3
	Reference Range





	RBCs (×106/mcL)
	3.79
	7.76
	3.02
	5.0–10.0



	Hb (g/dL)
	5.5
	10.5
	3.3
	8.0–15.0



	Hct (%)
	17.4
	31.9
	10.4
	24–55



	MCV (fL)
	45.9
	41.1
	34.4
	39–55



	MCH (pg)
	12.9
	14.5
	13.5
	13–18



	MCHC (%)
	31.6
	32.9
	31.7
	30–36



	RDW (%)
	20.2
	20.8
	22.3
	19.7–29.3



	WBCs (×103/mcL)
	7.550
	4.660
	14.930
	5.5–15.5



	Neutrophils (n.)
	4.832
	2.970
	2.514
	2.500–12.800



	Lymphocytes (n.)
	1.963
	1.560
	12.386
	1.500–7.000



	Monocytes (n.)
	604
	350
	0
	0–850



	Eosinophils (n.)
	151
	80
	30
	0–150



	Basophils (n.)
	0
	0
	0
	0–100



	PLTs (×103/mcL)
	12
	508
	49
	300–800



	MPV (fL)
	22
	17
	15
	11–18



	AST (IU/L)
	40
	28
	143
	14–40



	ALT (IU/L)
	50
	113
	18
	6–40



	ALP (IU/L)
	51
	63
	8
	7–30



	GGT (IU/L)
	
	4
	1
	<10



	Total bilirubin (mg/dL)
	1.99
	0.06
	1.01
	1.15–1.20



	Cholesterol (mg/dL)
	172
	121
	136
	75–150



	TGs (mg/dL)
	64
	24
	53
	50–100



	Urea (mg/dL)
	42
	42
	61
	20–30



	CPK (IU/L)
	210
	350
	402
	50–493



	LDH (IU/L)
	1480
	234
	3165
	75–490



	Creatinine (mg/dL)
	1.09
	1.18
	0.71
	1.0–2.0



	Glucose (mg/dL)
	100
	132
	51
	64–120



	Calcium (mg/dL)
	8.9
	10.6
	7.0
	7.0–10.0



	Phosphorus (mg/dL)
	4.6
	5.6
	4.8
	2.5–5.0



	Sodium (mEq/L)
	150
	152
	139
	138–152



	Potassium (mEq/L)
	4.2
	3.8
	3.8
	3.4–5.1



	Chloride (mEq/L)
	110
	118
	115
	100–120



	TP (g/dL)
	8.4
	7.3
	6.0
	6.0–8.5



	Albumin (g/dL)
	2.7
	3.3
	1.4
	2.1–3.3



	Globulin (g/dL)
	5.7
	4.0
	4.6
	3.0–3.8



	Albumin/Globulin
	0.5
	0.8
	0.3
	0.4–1.7



	FIV
	Positive
	Negative
	Positive
	



	FeLV
	Negative
	Negative
	Negative
	







RBCs, red blood cells; Hb, hemoglobin; Hct, hematocrit; MCV, mean corpuscular volume; MCH, mean corpuscular hemoglobin; MCHC, mean corpuscular hemoglobin concentration; RDW, RBC distribution width; WBC, white blood cells; PLTs, platelets; AST, aspartate transferase; ALT, alanine transferase; ALP, alkaline phosphatase; GGT, gamma-glutamyl transpeptidase; TGs, triglycerides; CPK, creatine phosphokinase; LDH, lactic dehydrogenase; TP, total protein; FIV; feline immunodeficiency virus; FeLV, feline leukaemia virus.
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