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Abstract

:

Simple Summary


Canine leishmaniosis is responsible for pathological changes in the spleen. The main features detectable from ultrasound examination are splenomegaly and diffuse alterations of the echostructure. The study aimed to highlight whether these ultrasound changes are related to the severity of the disease or to a modification of splenic microvascularization that can be detected in vivo through contrast-enhanced ultrasonography. Bidimensional ultrasonography showed that splenomegaly and diffuse parenchymal changes were positively correlated with the severity of the disease, so they could be of prognostic value. Contrast-enhanced ultrasonography showed that a persistent heterogeneous distribution pattern appeared only in spleens with diffuse echostructure alterations, and quantitative parameters regarding volume and velocity of flow in three regions of interest did not show any differences between affected and control dogs. Diffuse splenic microvascular modifications evidenced by contrast-enhanced ultrasonography were reported for the first time in dogs with canine leishmaniosis.




Abstract


Canine leishmaniosis (CanL) is responsible for splenic pathological changes. The main features detectable from ultrasound examination are splenomegaly and diffuse alterations of the echostructure. The study aimed to highlight whether these ultrasound changes are related to the severity of the disease or to a modification of splenic microvascularization that can be detected in vivo through contrast-enhanced ultrasonography (CEUS). Twenty-five adult dogs tested for CanL were enrolled in this prospective, controlled study and staged according to LeishVet guidelines. Bidimensional ultrasonography revealed that splenomegaly was seen in 50% of the affected dogs, and diffuse parenchymal changes were seen in more than 60% of dogs with splenomegaly, showing a positive correlation with severity of the disease; therefore, splenomegaly could be of prognostic significance. CEUS showed that a persistent heterogeneous distribution pattern appeared only in spleens with diffuse echostructure alterations. The evaluation of quantitative CEUS parameters regarding the volume and velocity of flow in three regions of interest did not show differences between affected and control dogs. Diffuse spleen microvascular modifications evidenced by CEUS were reported for the first time in dogs with CanL. In endemic areas, CanL could be included in the differential diagnoses list when detecting splenic alterations in dogs.
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1. Introduction


Canine leishmaniosis (CanL) is a globally distributed zoonosis responsible for potentially serious fatal diseases in both dogs and humans [1,2,3,4]. Leishmania infantum is the most important Leishmania spp. worldwide and the main reported species in Europe [4]. Female sand flies from the genera Phlebotomus in the Old World are responsible for the vector-borne transmission of Leishmania, although other non-vectorial ways (transplacental, venereal, and by blood transfusion) can occur [2]. The interaction between the parasite and the host immune system determines the clinical manifestations and outcome of infection in CanL. The development of clinical signs in dogs is mainly related to the adaptive immune response with a predominant T helper 2 (Th2) and compromised T helper 1 (Th1) response that evolves into immune exhaustion [1,5]. The most commonly reported clinical signs in CanL are skin lesions, generalized lymphadenomegaly, weight loss, splenomegaly, exercise intolerance, muscular atrophy, decreased appetite, lethargy, polyuria and polydipsia, ocular lesions, epistaxis, onychogryphosis, lameness, vomiting, and diarrhea. Chronic renal failure is a severe result of disease progression and the main cause of mortality due to CanL [1,2,6,7].



The spleen has a role of protection against several blood-borne pathogens, and it is also one of the main organs involved in visceral leishmaniasis [8]. Histopathological splenic architecture disruption is characterized by the disorganization of white pulp [9,10], with reductions in size and the number of lymphoid follicles and of periarteriolar sheaths, furthermore a low number of CD4+ lymphocytes in the red pulp is reported [11].



In leishmaniotic dogs with splenic enlargement, abdominal ultrasonography has revealed that enlargement is mostly associated with a diffuse hypoechoic or coarse hypoechoic parenchymal pattern; however, a honey-comb aspect with a micronodular hypoechoic diffuse pattern in two dogs and a heterogeneous structure in another one were reported [12].



The scanning electron microscopy of the features of the spleens of dogs with L. infantum infection showed significant modifications of the vascular bed with a lack of sinusoids of the white pulp and a remarkable development of pulpar veins. These severe microvascular modifications were found in all spleens of all examined dogs and considered not related to an IFAT (immunofluorescence antibody test) titer [13]. Contrast-enhanced ultrasonography (CEUS) increases the scattered signals from vessels and, particularly, the microvasculature because of the use of a contrast agent. The CEUS analysis of the spleen has been proposed in some studies to establish normal perfusion patterns and to discriminate between malignant versus benign splenic lesions, although some findings about nodular lymphoid hyperplasia have made further investigation necessary [14,15,16,17,18].



The aims of the present study were (i) to investigate splenic abnormalities via the bidimensional ultrasonography in dogs affected by CanL, (ii) to perform CEUS exams to understand whether the reported anatomical vascular alterations were responsible for an in vivo modification of the diffusion of the contrast agent, and (iii) to evaluate the relationship between ultrasonographic splenic abnormalities, the clinical stage of CanL, and the spleen parasite load.




2. Materials and Methods


2.1. Study Design, Inclusion Criteria, and Exclusion Criteria


This prospective, analytical, observational, controlled study was performed from February 2018 to December 2019, and it included dogs visiting the Veterinary Teaching Hospital (University of Messina, Messina) (38°13′57″ N, 15°33′03″ E) and the Clinica Veterinaria Camagna of Reggio Calabria (38°06′54″ N, 15°39′25″ E). Written informed owner consent was obtained before dog enrollment. Inclusion criteria were adult age and antibody and/or PCR positivity to L. infantum. Dogs <1 year of age were enrolled only if they had been exposed to sand fly vectors for at least along one whole transmission season (April–October). Similarly, control dogs recruited for the study were adults, but they were antibody-negative and PCR-negative for L. infantum. Dogs with the ultrasonographic assessment of the focal lesions (nodule or mass) of the spleen or the cytological diagnosis of pyogranulomatous splenitis, lymphoma, or another malignant neoplasia were excluded.




2.2. Clinical Data Collection


For each dog, signalment, clinical history, and physical examination data were registered. Blood pressure (BP) was evaluated in a quiet area, before any other procedures, following ACVIM guidelines [19]. BP was measured with a high definition oscillometry device (Vet HDO) and classified according to IRIS guidelines [20]. Though all observed clinical signs were recorded, special attention was paid to identifying the most commonly reported ones in dogs with CanL [2].




2.3. Sampling Procedures


Five milliliters of blood were taken from each dog: one milliliter was placed into a K2EDTA (ethylenediaminetetraacetic acid) tube and used for complete blood count (CBC) (within 24 h), and the rest were stored until molecular investigations at −20 °C. Blood smears and serum were obtained by the remaining blood (about 4 mL). Blood serum was used for biochemical investigations and then stored until further use for serological tests at −20 °C. Urine samples (about 5 mL) were collected by cystocentesis or free catch. Urinalysis was performed within two hours after collection. The supernatant was used for the evaluation of urine protein to creatinine ratio (UPC) within 24 h after collection. In addition to swabs from any skin or mucosal lesions, oral, conjunctival, and auricular swabs were collected using individual sterile cotton swabs rolled, respectively, on the mucosal surface of fauces, lower conjunctival fornix, and the ear canal. FNA (fine needle aspirates) were taken from enlarged lymph nodes. The syringe and the needle used for lymph node aspiration and swabs were aseptically saved at −20 °C until analyzed for the detection of L. infantum DNA. After sedation with butorphanol (0.11 mg/kg IM), the percutaneous ultrasound-guided FNA of the splenic parenchyma was performed. Smears of the spleen aspirates were realized for cytological evaluation, and the syringe and the needle used were saved at −20 °C until further use for molecular investigations.




2.4. Staging of Leishmaniosis according to LeishVet Guidelines


Based on clinical and clinicopathological findings, enrolled dogs with CanL were clinically staged according to the classification system (I, IIa, IIb, III, and IV) established by LeishVet guidelines [1]. This staging system relates any of the four clinical stages with expected prognosis and therefore with the degree of disease severity. Antibody- and/or PCR-positive dogs to L. infantum with no clinical and clinico-pathological abnormalities were considered to be infected clinically healthy (ICH).




2.5. Clinicopathological Evaluation


A laser hematology analyzer (IDEXX ProCyte Dx® Hematology Analyzer, Idexx Laboratories, Westbrook, Maine, ME, USA) was used to perform the CBC. Dogs were considered anemic if their hemoglobin concentration was below the reference interval (<13.1 g/dL). May–Grünwald–Giemsa (MGG) staining was used to stain blood smears. Blood smears were examined to estimate platelet number and evaluate differential leucocytic count [21]. A biochemical profile including blood urea nitrogen (BUN), serum creatinine, total proteins, albumin, alanine aminotransferase (ALT), and aspartate aminotransferase (AST) was performed at Biogene laboratory (Catania, Italy). Urinalysis was performed via dipstick analysis (Combur 9 Test strips, Roche Diagnostics, Indianapolis, Indiana, USA). A VET360 refractometer (Reichert, Seefeld, Germany) was used to measure USG, and Kova glasstic slides (Kova International, Garden Grove, CA, USA) were used to perform the microscopic evaluation of urine sediment. The UPC was evaluated at Biogene laboratory (Catania, Italy) using 0.5 as a cut-off value for proteinuria; UPC values between ≥0.2 and ≤0.5 were considered as borderline proteinuria [20].




2.6. Detection of Antibodies against Leishmania and Other Vector-Borne Pathogens (VBPs)


Anti-L. infantum antibodies (IgG) were detected by IFAT using L. infantum (strain MHOM/IT/80/IPT1) antigen slides produced by Centro di Referenza Nazionale Leishmaniosi (C.Re.Na.L., Palermo, Italy) and rabbit anti-dog IgG (anti-dog IgG-FITC, Sigma Aldrich, St. Louis, MO, USA). The manufacturer’s protocol was followed, and the end-point titer of the positive samples was determined by preparing PBS (phosphate-buffered Saline) serial two-fold dilutions of serum starting from a dilution of 1:80. The cut off dilution value for positivity was set at 1:80 [1]. The presence of serum IgG against Rickettsia conorii, Ehrlichia canis, Anaplasma phagocytophilum, and Coxiella burnetii antigens was tested by IFAT using commercial kits (Fuller Laboratories Fullerton, California, USA). For all serological tests, the manufacturer’s protocol was followed. Cut-off dilutions of 1:80 for A. phagocytophilum, 1:64 for R. conorii, 1:50 for E. canis, and 1:16 for C. burnetii were used.




2.7. DNA Extraction and Leishmania Real-Time PCR


DNA was extracted from 200 µL of K2EDTA blood samples; oral, conjunctival, and auricular swabs; swabs from lesions; and lymph node and spleen FNA aspirates using the PureLink Genomic DNA kit (Invitrogen, Carlsbad, CA, USA) according to the manufacturer’s instructions. At the end of the extraction procedure, DNA was eluted in 100 µL of a PureLink genomic elution buffer and stored at −20 °C until used. As described elsewhere, quantitative real-time PCR, targeting the constant region in the minicircle kinetoplast DNA (NCBI accession number AF291093), was performed [22].




2.8. Molecular Investigations for Other VBPs


The DNA extracted from EDTA-blood and spleen FNA samples was used with by PCR to detect R. conorii, E. canis, A. phagocytophilum, A. platys, Babesia canis, and C. burnetii, as described previously [23,24,25,26,27,28,29,30] using an AB GeneAmp PCR system 2700 Cycle Sequencing (Applied Biosystems, Monza, Italy). Briefly, PCR was carried out in a final volume of 25 μL using 1 × 1.5 mM of Green GoTaq Reaction Buffer (5 × and 7.5 mM MgCl2), 10 mM dNTP Mix, 1.25 U GoTaq G2 DNA Polymerase (5 U/μL), 1 mM each primer, and 3 μL of DNA. The target amplified for each pathogen, the used primers, and the fragment length are shown in Table 1. The molecular investigation of E. canis and Omp B Rickettsia spp. gene was done with nested PCR, while the molecular investigation of the Omp A. Rickettsia spp. gene was done with semi-nested PCR. The thermal cycling profile depended on the amplified pathogen.




2.9. Spleen Ultrasonography Procedures


The B-mode examination of the spleen was performed in all dogs by the same operator (M.D.M.). A Mindray M9 ultrasound machine (Mindray Medical Italy, Trezzano sul Naviglio, Italy) and a linear probe (6.6–13.5 MHz) were used. Hairs over the ventral portion of the abdomen were clipped. Alcohol and coupling gel were applied to the skin. Standardized settings were used as much as possible for depth (4–5 cm), and overall gain, dynamic range, focal zone, and time-gain compensation were optimized. Spleen size was subjectively evaluated: enlargement was reported if the margins appeared rounded and the organ appeared caudally and in the right side of the abdomen [31]. Spleen echo-structure was classified, according to the following criteria, as normal when the contours were regular and smooth; the parenchyma was finely textured, homogeneous, and more echogenic than liver and the cortex of left kidney; there was a “moth-eaten appearance” corresponding to the presence of multiple, small, individual hypoechoic areas throughout the splenic parenchyma that gave a mottled echotexture; there was a “marbled appearance” when parenchyma was characterized by the presence of multiple, overlapping, and ill-defined areas with heterogeneous echogenicity [32]. The B-mode images were reviewed by two authors (M.D.M. and C.M.), and a consensus was reached for the classification of splenic parenchyma of the examined dogs. Color Power Doppler (CPD) examination, using a low pulsed repetition frequency and a proper gain, allowed us to evaluate the splenic vascularization and to assess the path of blood vessels without artifacts. CEUS was performed with a linear transducer at a frequency of 5.7 MHz, a mechanical index (MI) from 0.06 to 0.08, persistency off, and a wide dynamic range; a single focal zone was set beneath the splenic parenchyma. A dual live function with B-mode and contrast simultaneous images was used. The used contrast agent was a sulphur hexafluoride signal enhancer (SonoVue®, Bracco International, Milano, Italy), and it was prepared according to the manufacturer’s recommendations. An aliquot (0.03 mL/kg of body weight) of the contrast medium was rapidly infused via a 3-way valve and a 18- or 20-gauge catheter inserted in a cephalic vein; the syringe was always maintained in a horizontal position for injection. The catheter was then immediately flushed with 5 mL of a saline solution. Each dog received two bolus injections of contrast agent; the second injection of contrast medium was at least 7–8 min later the first. The timer was simultaneously activated with the inoculation of the contrast agent dose. Between the two injections, the microbubbles were destroyed with a high MI flash on the abdominal large vessels. During the first bolus injection, if necessary, total gain and time-gain compensation were optimized and not changed anymore during the second injection. The transducer was manually positioned, and the same splenic image was maintained during all the CEUS examinations. Good-quality video clips for 180 s, obtained during the second bolus examination, were stored and subsequently analyzed by the two operators (M.D.M. and C.M.). The splenic enhancement was classified normal if, after a rapid enhancement of the small splenic arteries (10–13 s) and a heterogeneous phase of enhancement of splenic tissue, it became homogeneous at peak enhancement with a slow decrease (wash out). Enhancement was heterogeneous if it never became homogeneous. The post-processing quantitative analysis of video-clips was performed using the contrast imaging quantitative analysis (QA) function of the ultrasound machine M9 without movie clip exportation. The contrast imaging QA system adopted a time–intensity analysis to obtain perfusion quantitative information of the volume and velocity of flow. For each dog, three regions of interest (ROIs) were manually drawn in the splenic parenchyma: two adjacent round ROIs (0.4 cm × 0.4 cm) located in a row and a larger oval ROI (0.6 cm × 1.0 cm) that encompassed the two smaller ROIs (Figure 1). The ROIs were located at a depth of approximately 1.0–2.0 cm and, during ROI selection, vascular structures were excluded. Calculated parameters included the following: GOF (goodness of fit), meaning the fit degree of the curve with a range of 0–1, where 1 means the fit curve fits the raw curve perfectly; BI (base intensity), the basic intensity of no contrast agent perfusion status; AT (arrival time), the time point where contrast intensity appears; TTP (time to peak), the time when the contrast intensity reaches peak value; PI (peak intensity), the contrast peak intensity; AS (ascending slope), the ascending slope of contrast, i.e., the slope between the start point of tissue perfusion to the peak; DT/2, the time when the intensity is half the value of the peak intensity; DS (descending slope), the descending slope of the curve; and the AUC (area under curve), which is used to calculate the area under the time–intensity curves during contrast perfusion.




2.10. Cytological Procedures


Three or more smears were prepared from spleen FNA, and they were stained with MGG. The following criteria were taken into account for each examined case: hemodilution, spindle cells (fibrocytes and endothelial cells), small mature lymphocytes, medium lymphocytes, lymphoblasts, occasional plasma cells, macrophages, mast cells, and platelet aggregates [33]. Further criteria were cellularity, homogeneous or mixed lymphoid population, and a more represented cytotype.




2.11. Statistical Analysis


Based on ultrasound evaluation, spleen size was scored 0 in case of normal dimension and 1 when it was enlarged. Similarly, a score of 1 was given to normal spleen echogenicity, and a score of −1 was given in case of spleen echo-structure diffuse alterations [12] (modified). The data of quantitative parameters (CEUS) were analyzed by ANOVA using the GLM procedure of the SAS/STAT® software (SAS Inst. Inc., Version 9.3, 2017; Cary, NC, USA) while considering the clinical stage and ROIs as variables. Differences in ROIs between clinical stages were not significant (p > 0.05); therefore, this variable was removed from the dataset. The separation of means was assessed by Tukey’s test, and differences were considered significant if p < 0.05. Results were reported as least squares means ± standard error of the mean. Pearson’s correlation coefficients (r) were used to measure the relationships between splenic alterations and enlargements to leishmaniosis stage, L. infantum quantitative PCR, and IFAT anti-L. infantum antibody titers. The test was performed by the SAS/STAT® software (2017).





3. Results


3.1. Clinical Evaluation of Dogs and Staging of Leishmaniosis


Twenty-five dogs were included in the study. One Leishmania-positive dog was ICH, and 21 dogs were classified according to LeishVet clinical staging system (Table 2) [1]. The numerosity of dogs in the four different clinical stages was inhomogeneous, with about half the dogs staged with a moderate disease. Therefore, we grouped the data of the dogs in stages with a low numerosity and similar prognosis together [1]: ICH dogs with dogs with mild disease (stage 1) and severe disease dogs (stage 3) with those in stage 4 (very severe disease).



Three control dogs were enrolled. Most of the CanL-enrolled dogs were cross-breed dogs (n = 10) and less frequently purebred dogs represented by Dachshund (n = 3), Italian Pointing (n = 3), American Staffordshire Terrier (n = 2), English Setter (n = 2), Pointer (n = 1), and Poodle (n = 1). Ten dogs were females, and 12 dogs were males. Age ranged from seven to 120 months (mean ± SD = 58.14 ± 29.39). Control dogs were represented by two 18-month-old females and one 120-month-old male cross-breed dogs. L. infantum IFAT titers of CanL dogs ranged from 80 to 81,920 (25–75 percentile = 140–6400; median = 640). The positivity and parasite loads of PCR examined samples are reported in Table 3.



The frequency of clinical signs and hematologic/biochemical alterations in leishmaniotic and in control dogs are reported in Table 4 and Table 5, respectively.



Anemia was the most common hematologic abnormality of CanL dogs. Most anemic dogs had mild anemia (77.8%), while moderate and severe anemia were observed in just two dogs. Anemia was only regenerative in one dog with moderate anemia. No positivity to the analyzed VBPs was observed with PCR in K2EDTA samples and spleen aspirates. Some dogs were antibody-positive to E. canis, R. conorii, A. phagocytophilum, and C. burnetii, and VBP overall antibody prevalence is represented in Table 6.




3.2. B-Mode Ultrasonography


Splenic enlargement was found in 11/22 (50%) leishmaniotic patients. Overall, 7/11 (63.6%) had diffuse parenchyma abnormalities, which were always accompanied by an increased size (Figure 1). Parenchyma had a moth-eaten appearance in 4/7 and a marbled appearance in 3/7. In the remaining four, spleen was subjectively reported to be of a larger size than normal but with a normal echotexture. A positive correlation with the clinical stage of disease was detected for splenic enlargement (r = 0.634; p = 0.036) and diffuse parenchymal alterations (r = 0.655; p = 0.047). The correlation between ultrasonographic alteration and splenic quantitative PCR showed a low positive effect (r = 0.06; p = 0.779). Conversely, there was no correlation between spleen enlargement and echotexture with lymph node parasite load (r = 0.26; p = 0.573, r = −0.329; p = 0.4705, respectively) and IFAT title (r = 0.33, p = 0.1413, r = −0.38; p = 0.09, respectively). In none of the three dogs negative for L. infantum were splenic enlargement or abnormalities of echotexture detected. Upon CPD examination, flow signals were detected in both normal appearance and in moth-eaten and marbled spleens; under careful observation, CPD frames in moth-eaten spleens showed the absence of flow in the more visible hypoechoic foci (Figure 2).




3.3. CEUS


In leishmaniotic dogs without splenic changes detectable from ultrasound examination and control dogs, CEUS exams showed the normal rapid enhancement of splenic arteries (10–13 s) and a heterogeneous phase of the enhancement of splenic tissue that became homogeneous at the end of wash-in with a slow decay (Figure 3).



Enhancement in the moth-eaten parenchymas had a heterogeneous distribution pattern with hypoenhancement/no enhancement areas in both the wash-in and wash-out phases; in marbled spleens, enhancement intensity was weak and heterogeneous (Figure 4 and Figure 5).



The statistical analysis of the quantitative CEUS parameters regarding the volume and velocity of flow in the three traced ROIs in leishmaniotic and in control dogs showed no significant differences (Table 7).




3.4. Cytology


In 18/22 leishmaniotic dogs and control ones, the observed smears were characterized by mild or moderate hemodilution, and cells were basically represented by a mixed lymphoid population, some spindle cells of trabecular origin, few non-degenerated neutrophils, occasional plasma cells, and macrophages. This picture referred to a normal splenic cytology. In four cases, an increased occurrence of intact or hypersegmented neutrophils along with few eosinophils was suggestive of acute splenitis. In one out of these four cases, numerous small bodies compatible with Leishmania amastigotes were seen free in the background and within some activated macrophages. No other splenic cytological abnormalities were observed.





4. Discussion


Honeycomb, Swiss-cheese-like, and moth-eaten are the metaphorical names used to describe the ultrasonographic finding of small hypoechoic nodules throughout the spleen, causing a spotted echotexture that is commonly seen not only in lymphoma and mast cell neoplasia but also in benign conditions (extramedullary hematopoiesis, lymphoid hyperplasia, and pyogranulomatous splenitis) in dogs and cats [34,35,36]. These above-mentioned metaphorical definitions are, however, synonyms. In this study, the B-mode ultrasound examination of the spleen revealed an increase in the size of the organ in half of the subjects with CanL, with diffuse echotexture abnormalities (moth-eaten or marbled) in about 30% of all affected subjects. Interestingly, parenchymal abnormalities were only seen in cases of enlarged spleens, with 63.6% of dogs with splenomegaly presenting one of the two observed patterns. Moreover, these alterations were significantly more frequent in those subjects with a more severe disease, and echotexture abnormalities showed a positive but not significant correlation with splenic L. infantum quantitative PCR. In a previous report, ultrasonographic splenomegaly and honeycomb or inhomogeneous patterns were reported in not dissimilar percentages of dogs; particularly, the authors stressed that the honeycomb appearance had never been previously associated specifically with CanL [12]. In our opinion, the moth-eaten or marbled echostructure aspects of the spleen are compatible with moderate–severe leishmaniosis, and they could be associated with the list of clinical and clinicopathological abnormalities detected in LeishVet stages II–IV. A limitation of our study was the lack of the histological confirmation of the ultrasonography patterns; however, we performed a clinical field study, and the experimental design did not provide for the performance of a splenic biopsy or the sacrifice of the animal after the investigation procedures. This was due to ethical issues involved in taking splenic biopsies from normal dogs and the legal prohibition of sacrificing pets with leishmaniosis in Italy, apart from cases with a poor prognosis associated with a bad quality of life. Thus, only splenic fine needle aspirations were included in the diagnostic evaluation to exclude pathological conditions compatible with the observed diffuse ultrasound changes of the spleen. The absence of a statistically significant correlation between parasite loads and the ultrasound aspect could also have been a consequence of a lower sensitivity of the FNA sampling method due to the risk of getting inadequate (hemodiluted) or unrepresentative samples. In fact, a study performed on spleens obtained after dog culling showed different parasite loads in different areas of the parenchyma [10]. Therefore, we speculate that ultrasonographic findings could reflect the histopathological alterations that have been reported in the spleen of Leishmania-infected dogs and that the disorganization and destruction of the splenic lymphoid tissue are associated with a more severe disease [37,38]. However, we intend to carry out histological examination of the spleens of dogs with leishmaniosis in the case of culling after an ultrasound examination in order to correlate the ultrasound images to the histopathological pictures.



CPD examination and CEUS were used to study splenic microvascularization. After the inoculation of the contrast agent, normal splenic parenchyma showed the rapid enhancement of the small splenic arteries, a heterogeneous phase of enhancement that became homogeneous at the end of the wash-in phase, and a slow wash-out [39]. Though the contrast medium did not have a late tissue phase in the dog’s spleen, the slow decay of enhancement would have been related to the accumulation in the sinusoids network [40]. A CPD examination showed no flow signal from small hypoechoic areas in the moth-eaten pattern of the spleens. In moth-eaten spleens, CEUS was used for the first time and showed, through a persistence of diffuse inhomogeneity with areas of hypoenhancement or absence of enhancement, that the alterations found in the B-mode images also led to a modification of the vascular architecture throughout the organ. A similar heterogeneous appearance and a widespread hypoenhancement were also found in the marbled spleens. Spleen microvascular architecture changes emerged in L. infantum-positive dogs from an ultrastructural study independently of their antibody titers. A marked scarcity of the sinusoidal system sheet that surrounds the central artery/arteriole of the white pulp, a huge development of pulp venules and veins, and the presence of a development of reticular fibers were reported [13]. Interestingly, we evidenced that an abnormal pattern of enhancement was only in spleens with B-mode ultrasonography alterations, and we can only speculate about these results. This in vivo study of vascular architecture obtained with CEUS was, however, not able to highlight changes in the splenic vascular pattern in all infected dogs other than what was reported with ultrastructural evaluation [13]. The statistical analysis of the CEUS quantitative parameters, relating to the speed and volume of splenic blood flow, did not show statistically significant differences in the examined ROIs. This was probably due to the inhomogeneity of splenic enhancement in leishmaniotic subjects that was not quantitatively detectable through the pixel analysis of different areas, even when comparing relatively small ROIs, because of the widespread alteration of the splenic vascularity of parenchyma. Substantial evidence supports that the spleen plays a key role in the immunopathology of VBP infections [41,42]. Splenomegaly might be due to a multiplication of organisms within circulating mononuclear cells and mononuclear phagocytic tissues of spleen and lymph nodes. Splenomegaly is a result of reactive lymphoid hyperplasia and concurrent extramedullary hematopoiesis [43]. In canine babesiosis and ehrlichiosis, the most common splenic ultrasonographic findings have been a diffuse heterogeneous hypoechoic pattern and generalized splenomegaly [44,45]. CEUS exams were performed in the spleens of dogs with subclinical ehrlichiosis, and a higher velocity of blood flow (lower wash-in time, peak enhancement time, and wash-out time) compared to data from healthy dogs examined in previous studies was seen [45]. In our study, molecular investigations of blood samples and splenic aspirates showed them to be negative for R. conorii, B. canis, E. canis, A. phagocytophilum, A. platys, and C. burnetii, so we can consider it unlikely that the ultrasound changes of the spleen could be traced to other VBP coinfections with L. infantum.




5. Conclusions


CEUS is of increasing use in diagnostic imaging in clinical settings, with ever increasing fields of application in small animal pathologies. Among them, CanL is frequently responsible for splenomegaly and sometimes for echotexture diffuse alterations. In this study, the results of ultrasonographic exams showed a correlation with more severe clinical stages according to the classification system established by LeishVet guidelines. The prognostic significance of echostructure changes could be confirmed by following up dogs after therapy. Diffuse spleen microvascular modifications seen in CanL after performing CEUS exams were reported for the first time in the present report; the obtained data must be taken into account when evaluating splenic alterations in dogs living in endemic areas.







Author Contributions


Conceptualization, M.D.M. and M.G.P.; methodology, M.D.M. and M.G.P.; software, L.L.; formal analysis, L.L., M.D.M. and M.Q.; data curation, L.L., C.M., G.M., G.D., M.F.P., M.D.M., M.M., N.M.I., R.V. and S.C.; writing—original draft preparation, G.D. and M.D.M.; writing—review and editing, M.M., G.D. and M.G.P.; supervision, M.D.M. and M.G.P.; funding acquisition, M.D.M. All authors have read and agreed to the published version of the manuscript.




Funding


This work was supported by Mindray Medical Italy Srl (Milan, Italy).




Institutional Review Board Statement


The study was conducted according to the guidelines of the Declaration of Helsinki and approved by the Animal Ethics Committee of the Department of Veterinary Sciences, University of Messina (protocol code 020/2018, date of approval 11 January 2018).




Data Availability Statement


The datasets used and/or analyzed during the current study are available from the corresponding author on reasonable request.




Acknowledgments


The authors wish to thank Maurizio Palma, Mindray Italy Ultrasound Clinical Application Specialist, and Cornelia Mannarino, Department of Veterinary Sciences (University of Messina, Italy) for their technical assistance.




Conflicts of Interest


The authors declare no conflict of interests.




References


	



Solano-Gallego, L.; Koutinas, A.; Miró, G.; Cardoso, L.; Pennisi, M.G.; Ferrer, L.; Bourdeau, P.; Oliva, G.; Baneth, G. Directions for the diagnosis, clinical staging, treatment and prevention of canine leishmaniosis. Vet. Parasitol. 2009, 165, 1–18. [Google Scholar] [CrossRef] [PubMed]

	



Solano-Gallego, L.; Miró, G.; Koutinas, A.; Cardoso, L.; Pennisi, M.G.; Ferrer, L.; Bourdeau, P.; Oliva, G.; Baneth, G.; The LeishVet Group. LeishVet guidelines for the practical management of canine leishmaniosis. Parasit. Vectors 2011, 4, 86. [Google Scholar] [CrossRef] [PubMed]

	



Miró, G.; Cardoso, L.; Pennisi, M.G.; Oliva, G.; Baneth, G. Canine leishmaniosis—New concepts and insights on an expanding zoonosis: Part two. Trends Parasitol. 2008, 24, 371–377. [Google Scholar] [CrossRef] [PubMed]

	



Pennisi, M.G. Leishmaniosis of companion animals in Europe: An update. Vet Parasitol. 2015, 208, 35–47. [Google Scholar] [CrossRef]

	



Esch, K.J.; Juelsgaard, R.; Martinez, P.A.; Jones, D.E.; Petersen, C.A. Programmed death 1-mediated T cell exhaustion during visceral leishmaniasis impairs phagocyte function. J. Immunol. 2013, 191, 5542–5550. [Google Scholar] [CrossRef]

	



Geisweid, K.; Mueller, R.; Sauter-Louis, C.; Hartmann, K. Prognostic analytes in dogs with Leishmania infantum infection living in a non-endemic area. Vet. Rec. 2012, 171, 399. [Google Scholar] [CrossRef]

	



Roura, X.; Cortadellas, O.; Day, M.J.; Benali, S.L.; Zatelli, A.; Canine Leishmaniosis Working Group. Canine leishmaniosis and kidney disease: Q&A for an overall management in clinical practice. J. Small. Anim. Pract. 2021, 62, E1–E19. [Google Scholar] [CrossRef]

	



Hermida, M.D.; de Melo, C.V.B.; Lima, I.D.S.; Oliveira, G.G.S.; Dos-Santos, W.L.C. Histological disorganization of spleen compartments and severe visceral leishmaniasis. Front. Cell. Infect. Microbiol. 2018, 8, 394. [Google Scholar] [CrossRef]

	



Cavalcanti, A.S.; Ribeiro-Alves, M.; de O. Pereira, L.; Mestre, G.L.; Ferreira, A.B.R.; Morgado, F.N.; Boité, M.C.; Cupolillo, E.; Moraes, M.O.; Porrozzi, R. Parasite load induces progressive spleen architecture breakage and impairs cytokine mRNA expression in Leishmania infantum-naturally infected dogs. PLoS ONE 2015, 10, e0123009. [Google Scholar] [CrossRef]

	



Bagues, N.C.T.; Pinheiro, C.G.M.; Bastos, L.A.; Fraga, D.B.M.; Veras, P.S.T.; Pontes-de-Carvalho, L.C.; Dos-Santos, W.L.C.; Oliveira, G.G.S. Parasitic load and histological aspects in different regions of the spleen of dogs with visceral leishmaniasis. Comp. Immunol. Microbiol. Infect. Dis. 2018, 56, 14–19. [Google Scholar] [CrossRef]

	



Da Silva, A.V.A.; Figueiredo, F.B.; Menezes, R.C.; Mendes-Junior, A.A.; de Miranda, L.H.M.; Cupolillo, E.; Porrozzi, R.; Morgado, F.N. Morphophysiological changes in the splenic extracellular matrix of Leishmania infantum-naturally infected dogs is associated with alterations in lymphoid niches and the CD4+ T cell frequency in spleens. PLoS Negl. Trop. Dis. 2018, 12, e0006445. [Google Scholar] [CrossRef]

	



Paradies, P.; Cipone, M.; Mele, I.; Greco, B.; Romano, D.; Sasanelli, M. Abdominal ultrasound findings associated with canine visceral leishmaniasis in endemic areas. Ann. Clin. Cytol. Pathol. 2018, 4, 1093. [Google Scholar]

	



Alexandre-Pires, G.; Pais, D.; Correia, M.; Pina, J.A. Leishmaniosis—A report about the microvascular and cellular architecture of the infected spleen in Canis familiaris. Microsc. Res. Tech. 2006, 69, 227–235. [Google Scholar] [CrossRef]

	



Nakamura, K.; Sasaki, N.; Yoshikawa, M.; Ohta, H.; Hwang, S.J.; Mimura, T.; Yamasaki, M.; Takiguchi, M. Quantitative contrast-enhanced ultrasonography of canine spleen. Vet. Radiol. Ultrasound 2009, 50, 104–108. [Google Scholar] [CrossRef]

	



Nakamura, K.; Sasaki, N.; Murakami, M.; Bandula Kumara, W.R.; Ohta, H.; Yamasaki, M.; Takagi, S.; Osaki, T.; Takiguchi, M. Contrast-enhanced ultrasonography for characterization of focal splenic lesions in dogs. J. Vet. Intern. Med. 2010, 24, 1290–1297. [Google Scholar] [CrossRef]

	



Rossi, F.; Leone, V.F.; Vignoli, M.; Laddaga, E.; Terragni, R. Use of contrast-enhanced ultrasound for characterization of focal splenic lesions. Vet. Radiol. Ultrasound 2008, 49, 154–164. [Google Scholar] [CrossRef]

	



Ohlerth, S.; Dennler, M.; Rüefli, E.; Hauser, B.; Poirier, V.; Siebeck, N.; Roos, M.; Kaser-Hotz, B. Contrast harmonic imaging characterization of canine splenic lesions. J. Vet. Intern. Med. 2008, 22, 1095–1102. [Google Scholar] [CrossRef]

	



Mangano, C.; Macrì, F.; Di Pietro, S.; Pugliese, M.; Santoro, S.; Iannelli, N.M.; Mazzullo, G.; Crupi, R.; De Majo, M. Use of contrast-enhanced ultrasound for assessment of nodular lymphoid hyperplasia (NLH) in canine spleen. BMC Vet. Res. 2019, 15, 196. [Google Scholar] [CrossRef]

	



Acierno, M.J.; Brown, S.; Coleman, A.E.; Jepson, R.E.; Papich, M.; Stepien, R.L.; Syme, H.M. ACVIM consensus statement: Guidelines for the identification, evaluation, and management of systemic hypertension in dogs and cats. J. Vet. Intern. Med. 2018, 32, 1803–1822. [Google Scholar] [CrossRef]

	



International Renal Interest Society. IRIS Staging of CKD (2019). Available online: http://www.iris-kidney.com/guidelines/staging.html (accessed on 28 August 2019).

	



Piaton, E.; Fabre, M.; Goubin-Versini, I.; Bretz-Grenier, M.F.; Courtade-Saïdi, M.; Vincent, S.; Belleannée, G.; Thivolet, F.; Boutonnat, J.; Debaque, H.; et al. Cochand-Priollet, B.Guidelines for May-Grünwald-Giemsa staining in haematology and non-gynaecological cytopathology: Recommendations of the French Society of Clinical Cytology (SFCC) and of the French Association for Quality Assurance in Anatomic and Cytologic Pathology (AFAQAP). Cytopathology 2016, 27, 359–368. [Google Scholar] [CrossRef]

	



Vitale, F.; Reale, S.; Vitale, M.; Petrotta, E.; Torina, A.; Caracappa, S. TaqMan-based detection of Leishmania infantum DNA using canine samples. Ann. N. Y. Acad. Sci. 2004, 1026, 139–143. [Google Scholar] [CrossRef] [PubMed]

	



Tzianabos, T.; Anderson, B.E.; McDade, J.E. Detection of Rickettsia rickettsii DNA in clinical specimens by using polymerase chain reaction technology. J. Clin. Microbiol. 1989, 27, 2866–2868. [Google Scholar] [CrossRef] [PubMed]

	



Carret, C.; Walas, F.; Carcy, B.; Grande, N.; Précigout, E.; Moubri, K.; Schetters, T.P.; Gorenflot, A. Babesia canis canis, Babesia canis vogeli, Babesia canis rossi: Differentiation of the three subspecies by a restriction fragment length polymorphism analysis on amplified small subunit ribosomal RNA genes. J. Eukaryot. Microbiol. 1999, 46, 298–303. [Google Scholar] [CrossRef] [PubMed]

	



To, H.; Kako, N.; Zhang, G.Q.; Otsuka, H.; Ogawa, M.; Ochiai, O.; Nguyen, S.V.; Yamaguchi, T.; Fukushi, H.; Nagaoka, N.; et al. Q fever pneumonia in children in Japan. J. Clin. Microbiol. 1996, 34, 647–651. [Google Scholar] [CrossRef]

	



Inokuma, H.; Fujii, K.; Matsumoto, K.; Okuda, M.; Nakagome, K.; Kosugi, R.; Hirakawa, M.; Onishi, T. Demonstration of Anaplasma (Ehrlichia) platys inclusions in peripheral blood platelets of a dog in Japan. Vet. Parasitol. 2002, 110, 145–152. [Google Scholar] [CrossRef]

	



Choi, Y.J.; Jang, W.J.; Kim, J.H.; Ryu, J.S.; Lee, S.H.; Park, K.H.; Paik, H.S.; Koh, Y.S.; Choi, M.S.; Kim, I.S. Spotted fever group and typhus group rickettsioses in humans, South Korea. Emerg. Infect. Dis. 2005, 11, 237–244. [Google Scholar] [CrossRef]

	



De la Fuente, J.; Massung, R.F.; Wong, S.J.; Chu, F.K.; Lutz, H.; Meli, M.; von Loewenich, F.D.; Grzeszczuk, A.; Torina, A.; Caracappa, S.; et al. Sequence analysis of the msp4 gene of Anaplasma phagocytophilum strains. J. Clin. Microbiol. 2005, 43, 1309–1317. [Google Scholar] [CrossRef]

	



Oteo, J.A.; Portillo, A.; Santibáñez, S.; Blanco, J.R.; Pérez-Martínez, L.; Ibarra, V. Cluster of cases of human Rickettsia felis infection from Southern Europe (Spain) diagnosed by PCR. J. Clin. Microbiol. 2006, 44, 2669–22671. [Google Scholar] [CrossRef]

	



Siarkou, V.I.; Mylonakis, M.E.; Bourtzi-Hatzopoulou, E.; Koutinas, A.F. Sequence and phylogenetic analysis of the 16S rRNA gene of Ehrlichia canis strains in dogs with clinical monocytic ehrlichiosis. Vet. Microbiol. 2007, 125, 304–312. [Google Scholar] [CrossRef]

	



Hecht, S. Spleen. In Atlas of Small Animal Ultrasonography, 1st ed.; Penninck, D., d’Anjou, M., Eds.; Blackwell Publishing: Ames, IA, USA, 2008; pp. 263–280. [Google Scholar]

	



Bertal, M.; Norman Carmel, E.; Diana, A.; Desquilbet, L.; Specchi, S.; Pey, P. Association between ultrasonographic appearance of splenic parenchyma and cytology in cats. J. Feline Med. Surg. 2018, 20, 23–29. [Google Scholar] [CrossRef]

	



Bonfanti, U.; Ghibaudo, G.; Zatelli, A.; Santilli, R.; Bussadori, C. Diagnosi citologica in corso di patologie epatiche e spleniche del cane e del gatto. Studio retrospettivo su 122 casi (1998–2000). Veterinaria 2003, 17, 9–15. [Google Scholar]

	



Nyland, T.G.; Mattoon, J.S. Spleen. In Small Animal Diagnostic Ultrasound, 3rd ed.; Elsevier: St. Louis, MO, USA, 2015; pp. 400–437. [Google Scholar]

	



Eberhardt, F.; Köhler, C.; Krastel, D.; Winter, K.; Alef, M.; Kiefer, I. Sonographisch erfassbare milzveränderungen bei hunden mit malignem lymphom. Tierarztl. Prax. Ausg. K Kleintiere Heimtiere 2015, 43, 215–220. [Google Scholar] [CrossRef]

	



Harel, M.; Touzet, C.; Barthélemy, A.; Ségard-Weisse, E.M. Prevalence and diagnostic value of the ultrasonographic honeycomb appearance of the spleen in cats. J. Feline Med. Surg. 2020, 22, 186–192. [Google Scholar] [CrossRef]

	



Silva, J.S.; Andrade, A.C.; Santana, C.C.; Santos, L.Q.; Oliveira, C.I.; Veras, P.S.; Vassallo, J.; dos-Santos, W.L. Low CXCL13 expression, splenic lymphoid tissue atrophy and germinal center disruption in severe canine visceral leishmaniasis. PLoS ONE 2012, 7, e29103. [Google Scholar] [CrossRef]

	



Lima, I.S.; Silva, J.S.; Almeida, V.A.; Junior, F.G.; Souza, P.A.; Larangeira, D.F.; Moura-Neto, J.P.; Fraga, D.B.; de Freitas, L.A.; dos-Santos, W.L. Severe clinical presentation of visceral leishmaniasis in naturally infected dogs with disruption of the splenic white pulp. PLoS ONE 2014, 9, e87742. [Google Scholar] [CrossRef]

	



Ohlerth, S.; Rüefli, E.; Poirier, V.; Roos, M.; Kaser-Hotz, B. Contrast harmonic imaging of the normal canine spleen. Vet. Radiol. Ultrasound 2007, 48, 451–456. [Google Scholar] [CrossRef]

	



Cosgrove, D. Future prospects for SonoVue and CPS. Eur. Radiol. 2004, 14, 116–124. [Google Scholar] [CrossRef]

	



Bronte, V.; Pittet, M.J. The spleen in local and systemic regulation of immunity. Immunity 2013, 39, 806–818. [Google Scholar] [CrossRef]

	



Movilla, R.; Altet, L.; Serrano, L.; Tabar, M.D.; Roura, X. Molecular detection of vector-borne pathogens in blood and splenic samples from dogs with splenic disease. Parasit. Vectors 2017, 10, 131. [Google Scholar] [CrossRef]

	



Sarma, K.; Mondal, D.B.; Saravanan, M. Ultrasonographic changes in dogs naturally infected with tick borne intracellular diseases. J. Parasit. Dis. 2016, 40, 248–251. [Google Scholar] [CrossRef]

	



Fraga, E.; Barreiro, J.D.; Goicoa, A.; Espino, L.; Fraga, G.; Barreiro, A. Abdominal ultrasonographic findings in dogs naturally infected with babesiosis. Vet. Radiol. Ultrasound 2011, 52, 323–329. [Google Scholar] [CrossRef] [PubMed]

	



Maronezi, M.C.; Feliciano, M.A.R.; Crivellenti, L.Z.; Borin-Crivellenti, S.; Silva, P.E.S.; Zampolo, C.; Pavan, L.; Gasser, B.; Simões, A.P.R.; Macie, G.S.; et al. Spleen evaluation using contrast enhanced ultrasonography and Doppler in dogs with subclinical ehrlichiosis. Arq. Bras. Med. Vet. Zootec. 2015, 67, 1528–1532. [Google Scholar] [CrossRef]








[image: Animals 11 01437 g001 550] 





Figure 1. Ultrasound patterns of the spleen in L. infantum-infected dogs: (a) moth-eaten pattern and (b) marbled pattern. F: probe’s frequency; D: distance; G: gain; FR: frame rate; DR: dynamic range; AP: acoustic power; MI: mechanical index; TIS: tissue imaging specific; M9: ultrasound system. Green arrow: ultrasound focal point. 
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Figure 2. Absence of signal at Color Power Doppler (CPD) in hypoechoic areas of the moth-eaten pattern of the spleen. F: probe’s frequencies; D: distance; G: gain; FR: frame rate; DR: dynamic range; AP: acoustic power; MI: mechanichal index; TIS: tissue imaging specific; M9: ultrasound system. Blue and green arrows: focal points. 
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Figure 3. Normal spleen images acquired during CEUS (contrast-enhanced ultrasonography) exam. (a) Enhancement of the splenic arteries at 8 s after contrast injection; (b) beginning of heterogeneous phase of enhancement 10 s after contrast injection; (c) homogeneous enhancement at 60 s after contrast injection. F: probe’s frequencies; D: distance; G: gain; FR: frame rate; DR: dynamic range; AP: acoustic power; MI: mechanichal index; TIS: tissue imaging specific; M9: ultrasound system; T: tissue; C: contrast. Green arrows: focal points. 
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Figure 4. Moth-eaten spleen images acquired during CEUS exam. The heterogeneous enhancement of the parenchyma was persistently observed at: (a) 13 s, (b) 33 s, and (c) 60 s after contrast injection. F: probe’s frequencies; D: distance; G: gain; FR: frame rate; DR: dynamic range; AP: acoustic power; MI: mechanichal index; TIS: tissue imaging specific; M9: ultrasound system; T: tissue; C: contrast. Green arrows: focal points. 
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Figure 5. CEUS images at the end of the wash-in phase in (a) moth-eaten, (b) marbled (heterogeneous enhancement), and (c) normal (homogeneous enhancement) spleens. F: probe’s frequencies; D: distance; G: gain; FR: frame rate; DR: dynamic range; AP: acoustic power; MI: mechanichal index; TIS: tissue imaging specific; M9: ultrasound system; T: tissue; C: contrast. Green arrows: focal points. 
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Table 1. Target amplified, primers used for pathogen detection, and fragment length.
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Pathogen

	
Region Amplified

	
Primers (5′-3′)

	
Fragment Length (bp)

	
Reference






	
Rickettsia spp.

	
17KDa antigen

	
TZ15–19 5’-TTC TCA ATT CGG TAA GGG C-3’

	
246

	
[23]




	
TZ16–20 5’-ATA TTG ACC AGT GCT ATT TC-3’




	
Rickettsia spp.

	
Omp A

	
Rr190.70p ATGGCGAATATTTCTCCAAAA

	
532

	
[29]




	
Rr190.701n GTTCCGTTAATGGCAGCATCT




	
Rr190.602n AGTGCAGCATTCGCTCCCCCT




	
Rickettsia spp.

	
Omp B

	
rompB OF GTAACCGGAAGTAATCGTTTCGTAA

	
511/425

	
[27]




	
rompB OR GCTTTATAACCAGCTAAACCACC




	
rompB SFG IF GTTTAATACGTGCTGCTAACCAA




	
rompB SFG/TG IR GGTTTGGCCCATATACCATAAG




	
E. canis

	
16SrRNA

	
ECC AGAACGAACGCTGGCGGCAAGCC

	
480/390

	
[30]




	
ECB CGTATTACCGCGGCTGCTGGCA




	
‘‘canis’’ CAATTATTTATAGCCTCTGGCTATAGGA




	
HE3 TATAGGTACCGTCATTATCTTCCCTAT




	
Anaplasma phagocytophilum

	
msp4

	
MSP4AP5 5’-ATGAATTACAGAGAATTGCTTGTAGG-3’

	
849

	
[28]




	
MSP4AP3 5’-TTAATTGAAAGCAAATCTTGCTCCTATG-3’




	
Anaplasma platys

	
16SrRNA

	
PLATY-F 5’-AAG TCG AAC GGA TTT TTG TC-3′

	
~500

	
[26]




	
PLATYS-R 5′-CTT TAA CTT ACC GAA CC-3′




	
Coxiella burnetiid

	
htpB

	
Q5 (5′-GCG GGT GAT GGT ACC ACA ACA-3′)

	
501

	
[25]




	
Q3 (5′-GGC AAT CAC CAA TAA GGG CCG-3′)




	
Q6 (5′-TT GCT GGA ATG AAC CCC A-3′)

	
325




	
Q4 (5′-TC AAG CTC CGC ACT CAT G-3′)




	
Babesia canis

	
ssu-rDNA

	
PIRO-A 5′AATACCCAATCCTGACACAGGG 3’

	
~400

	
[24]




	
PIRO-B 5’TTAAATACGAATGCCCCCAAC 3’
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Table 2. Clinical classification of dogs into groups according to LeishVet guidelines [1]. ICH (infected clinically health).
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	Clinical Classification
	Number of Dogs (%)





	ICH
	1 (4.5)



	Stage I (mild disease)
	5 (22.8)



	Stage II (moderate disease)
	



	IIa
	9 (40.9)



	IIb
	1 (4.5)



	Stage III (severe disease)
	2 (9.1)



	Stage IV (very severe disease)
	4 (18.2)
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Table 3. L. infantum molecular positivity and parasite loads in the examined samples.
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	Samples
	Tested Samples
	Positive Samples (%)
	Parasite Load





	Conjunctival swabs
	52
	1 (1.9)
	85



	Oral swabs
	26
	1 (3.8)
	115



	Auricular swabs
	25
	2 (8)
	15–430



	K2EDTA samples
	26
	4 (15.4)
	30–70



	Lymph node aspirates
	15
	9 (60)
	110–6400



	Spleen aspirates
	26
	8 (30.8)
	10–18,000



	Nodule aspirates
	2
	1 (50)
	130
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Table 4. Frequency of clinical signs of dogs with canine leishmaniosis (CanL) and control dogs.
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Clinical Signs

	
Number of Dogs (%)




	
Dogs with CanL

	
Control Dogs






	
Low Body Condition Score (BCS/9)

	
8 (36.4)

	
0




	
Low Muscle Condition Score (MCS/4)

	
5 (22.7)

	
0




	
Decreased appetite

	
1 (4.5)

	
0




	
Lethargy

	
0

	
0




	
Fever

	
0

	
0




	
Lymphadenomegaly

	
17 (77.3)

	
1 (33.3)




	
Local

	
15 (68.2)

	
0




	
Generalized

	
2 (9.1)

	
1 (33.3)




	
Skin lesionsNodular dermatitis

	
9 (40.9)3 (13.6)

	
0-




	
Ulcerative dermatitis

	
1 (4.5)

	
-




	
Squamous dermatitis

	
4 (18.2)

	
-




	
Alopecia

	
5 (22.7)

	
-




	
Splenomegaly

	
8 (36.4)

	
0




	
Epistaxis

	
0

	
0




	
Ocular lesions

	
6 (27.3)

	
0




	
Blepharoconjunctivitis

	
4 (18.2)

	
-




	
Conjunctival granulomas

	
0

	
-




	
Keratouveitis

	
2 (9.1)

	
-
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Table 5. Frequency of hematologic and biochemical alterations of dogs with canine leishmaniosis (CanL) and control dogs. * Thrombocytopenia was not confirmed on blood smears in one CanL dog and in one control dog. MCV (mean red blood cell volume), MCHC (mean corpuscular hemoglobin concentration), RDW (red blood cell distribution width), BUN (blood urea nitrogen), TP (total proteins), ALT (alanine aminotransferase), AST (aspartate aminotransferase), UPC (urine-specific gravity), WRI (within the reference interval).






Table 5. Frequency of hematologic and biochemical alterations of dogs with canine leishmaniosis (CanL) and control dogs. * Thrombocytopenia was not confirmed on blood smears in one CanL dog and in one control dog. MCV (mean red blood cell volume), MCHC (mean corpuscular hemoglobin concentration), RDW (red blood cell distribution width), BUN (blood urea nitrogen), TP (total proteins), ALT (alanine aminotransferase), AST (aspartate aminotransferase), UPC (urine-specific gravity), WRI (within the reference interval).





	
Parameter (units)

	
High (%)

	
Low (%)

	
WRI (%)

	
Reference Interval




	
Dogs with CanL

	
Control Dogs

	
Dogs with CanL

	
Control Dogs

	
Dogs with CanL

	
Control Dogs






	
Hematology

	

	

	

	

	

	

	




	
Red blood cells (M/µL)

	
2 (9.1)

	
1 (33.3)

	
6 (27.3)

	
0

	
14 (63.6)

	
2 (66.7)

	
5.65–8.87




	
Hematocrit (%)

	
1 (4.6)

	
0

	
7 (31.8)

	
0

	
14 (63.6)

	
3 (100)

	
37.3–61.7




	
Hemoglobin (g/dL)

	
1 (4.5)

	
0

	
9 (40.9)

	
1 (33.3)

	
12 (54.6)

	
2 (66.7)

	
13.1–20.5




	
MCV (fL)

	
0

	
0

	
4 (18.2)

	
0

	
18 (81.8)

	
3 (100)

	
61.6–73.5




	
MCHC (g/dL)

	
0

	
0

	
3 (13.6)

	
0

	
19 (86.4)

	
3 (100)

	
32.0–37.9




	
RDW (%)

	
0

	
0

	
0

	
0

	
22

	
3 (100)

	
13.6–21.7




	
Reticulocytes (K/µL)

	
1 (4.5)

	
1 (33.3)

	
0

	
0

	
21 (95.5)

	
2 (66.7)

	
10.0–110.0




	
White blood cells (K/µL)

	
1 (4.5)

	
0

	
0

	
0

	
21 (95.5)

	
3 (100)

	
5.05–16.76




	
Neutrophils (K/µL)

	
1 (4.5)

	
0

	
0

	
1 (33.3)

	
21 (95.5)

	
2 (66.7)

	
2.95–11.64




	
Lymphocytes (K/µL)

	
0

	
0

	
3 (13.6)

	
0

	
19 (86.4)

	
3 (100)

	
1.05–5.10




	
Monocytes (K/µL)

	
3 (13.6)

	
0

	
0

	
0

	
19 (86.4)

	
3 (100)

	
0.16–1.12




	
Eosinophils (K/µL)

	
7 (31.8)

	
1 (33.3)

	
2 (9.1)

	
0

	
13 (59.1)

	
2 (66.7)

	
0.06–1.23




	
Basophils (K/µL)

	
3 (13.6)

	
0

	
0

	
0

	
19 (86.4)

	
3 (100)

	
0.00–0.10




	
Platelets (K/µL)

	
0

	
0

	
5 * (22.7)

	
1 *(33.3)

	
17 (77.3)

	
2 (66.7)

	
148–484




	
Biochemistry

	

	

	

	

	

	

	




	
BUN (mg/dL)

	
3 (13.6)

	
0

	
0

	
0

	
19 (86.4)

	
3 (100)

	
10–25




	
Creatinine (mg/dL)

	
1 (4.5)

	
0

	
0

	
0

	
21 (95.5)

	
3 (100)

	
<2




	
TP (g/dL)

	
2 (9.1)

	
1 (33.3)

	
1 (4.5)

	
0

	
19 (86.4)

	
2 (66.7)

	
5.5–7.8




	
Albumin (g/dL)

	
0

	
0

	
6 (27.3)

	
1 (33.3)

	
16 (72.7)

	
2 (66.7)

	
2.5–3.5




	
ALT (UI/L)

	
2 (9.1)

	
0

	
0

	
0

	
20 (90.9)

	
3 (100)

	
<100




	
AST (UI/L)

	
0

	
0

	
0

	
0

	
22

	
3 (100)

	
<90




	
UPC (no units)

	
7 (31.8)

	
0

	
0

	
0

	
15 (68.2)

	
3 (100)

	
<0.5
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Table 6. Vector-borne pathogen (VBP) overall antibody prevalence of dogs with canine leishmaniosis (CanL) and control dogs.
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Pathogens

	
Seroreactive Dogs (%)




	
CanL

	
Control Dogs






	
Ehrlichia canis

	
3/22 (13.6)

	
1/3 (33.3)




	
Rickettsia conorii

	
13/22 (59.1)

	
3/3 (100)




	
Anaplasma phagocytophilum

	
5/21 (23.8)

	
2/3 (66.7)




	
Coxiella burnetii

	
2/22 (9.1)

	
1/3 (33.3)
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Table 7. Results from ANOVA for quantitative CEUS parameters in relations to ROI (region of interest) areas. GOF: goodness of fit; BI: base intensity; AT: arrival time; TTP: time to peak; PI: peak intensity; AS: ascending slope; DT/2: time when the intensity is half the value of the peak intensity; DS: descending slope; AUC: area under curve; and SEM: standard error of the mean.
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	GOF
	BI
	AT
	TTP
	PI
	AS
	DT/2
	DS
	AUC





	ROI1
	0.83
	15.62
	2.27
	31.02
	21.33
	0.18
	109.72
	−0.03
	3303.61



	ROI2
	0.82
	15.90
	2.18
	28.53
	21.47
	0.15
	109.08
	−0.03
	3283.48



	ROI3
	0.90
	15.87
	1.30
	30.28
	21.44
	0.14
	116.12
	−0.03
	3335.92



	SEM
	0.05
	0.21
	0.08
	1.71
	2.65
	0.15
	2.55
	0.09
	18.38



	p-value
	0.06
	0.48
	0.08
	0.24
	0.49
	0.30
	0.16
	0.12
	0.38
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