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Abstract. The aim of the present study is to provide information concerning typical clinical and laboratory 

abnormalities and current diagnostic tests that may be relevant for clinical practitioners. Most of them are easy 

to use for each clinical practitioner. Choosing the most suitable method depends on the patient’s 

symptomatology, the availability of the necessary materials and the owner’s agreement. The diagnosis should be 

based on an integrated approach, taking into consideration the epidemiologic diagnosis, the anamnesis, the 

results of the clinical examination and the results of the direct and indirect diagnostic tests. Specifically, 

leishmaniasis can affect dogs and cats, regardless of age or breed (although some exceptions are known for 

canines). The most frequent clinical symptoms are lymphadenopathy and skin alterations. As hematological 

changes, nonregenerative normocytic normochromic anemia, thrombocytopenia, or leukogram changes may be 

present. Clinical chemistry and urinalysis may indicate renal dysfunction and an inflammatory/immune 

response. When lesions are accessible to fine-needle aspiration, cytology is advised, as the presence of 

Leishmania amastigotes has a diagnostic role. If cytology is inconclusive, histology or qPCR is recommended. 

Quantitative serology is recommended, as high-titer antibodies can confirm the clinical diagnosis. Parasitological 

methods are rarely applied in veterinary medicine. Finally, the need of some innovated markers or methods for 

the diagnosis of the disease is investigated. 
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Un rezumat al testelor clinice și paraclinice pentru leishmanioza canină și felină, pentru practicieni 

veterinari 

 

Rezumat. Scopul acestui studiu este de a furniza informații privind anomaliile clinice și paraclinice tipice și testele de 

diagnostic utilizate în prezent, care pot fi relevante pentru clinicieni veterinari. Majoritatea dintre ele sunt ușor de 

utilizat pentru fiecare medic veterinar. Alegerea celei mai potrivite metode depinde de simptomatologia pacientului, 

de disponibilitatea materialelor necesare și de acordul proprietarului. Diagnosticul trebuie să se bazeze pe o abordare 

integrată, luând în considerare diagnosticul epidemiologic, anamneza, rezultatele examenului clinic și rezultatele 

testelor de diagnostic directe și indirecte. Mai exact, leishmanioza poate afecta câinii și pisicile, indiferent de vârstă sau 

rasă (deși unele excepții sunt cunoscute pentru canini). Cele mai frecvente simptome clinice sunt limfadenopatia și 

modificările pielii. Ca modificări hematologice, poate fi prezentă anemie normocitară neregenerativă normocromică, 

trombocitopenie sau modificări ale leucogramei. Biochimia și analiza urinară pot indica o disfuncție renală și un 

răspuns inflamator/imun. Când leziunile sunt accesibile pentru performarea aspirației cu ac fin, se recomandă 

citologia, deoarece prezența amastigotelor de Leishmania are un rol important în diagnostic. Dacă citologia nu este 

concludentă, se recomandă histologie sau qPCR. Se recomandă serologie cantitativă, deoarece anticorpii cu titlu înalt 

pot confirma diagnosticul clinic. Metodele parazitologice sunt rareori aplicate în medicina veterinară. În cele din urmă, 

necesitatea unor markeri sau metodelor inovatoare pentru diagnosticul bolii este investigată. 

 

Cuvinte cheie: Leishmanioza canină și felină; Metode de diagnostic; Utilitatea clinică. 
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Introduction 
 
Leishmaniasis is one of the main zoonosis 
worldwide, being of major public health concern 
in many countries (Martinez et al., 2011). In 
veterinary medicine, the importance of the 
disease resides both in animal health, and in the 
fact that domestic dogs and cats are believed to 
be the main reservoir of this parasite for 
humans. It is endemic along the Mediterranean 
basin, parts of east Africa, India, Central and 
South America and the distribution range of the 
disease is spreading to non-endemic areas 
towards the north of Europe and recently 
emerging in North America (Martinez et al., 
2011). In addition, other species may become 
infected, such as rodents and horses. Wild 
canids are competent reservoirs of Leishmania 
spp., increasing the risks for humans to acquire 
the disease in endemic areas (Martinez et al., 
2011). Therefore, there has been a great interest 
in the development of new diagnostic tests 
(Martinez et al., 2011). There is a vast variety of 
methods used worldwide for the diagnosis of 
the disease. The choice for the most suitable 

approach depends on the availability of the 
materials needed, the patient's symptomatology 
and the owner's agreement. The diagnosis 
should be based on an integrated approach, 
taking into consideration the epidemiological 
data, the anamnesis, the results of the clinical 
examination and the results of the direct and 
indirect diagnostic tests performed. 
 
Epidemiological data and anamnesis 
 
Leishmaniasis, produced by the protozoan 
Leishmania infantum or L. chagasi, as it is called 
in the New World, can affect any canine and 
feline breed, with one exception, the Ibizan 
hound, which is refractory (Paltrinieri et al., 
2016; Abranches et al., 1991). The disease has a 
bimodal distribution, with the first wave 
occurring in animals under 3 years of age and the 
second one in animals between 8 and 10 years 
(Alvar et al., 2004). The evolution of 
leishmaniasis can be suspected based on data 
regarding the animal’s origin, lifestyle, and travel 
history (Maroli et al., 2013). Environmental 
changes can influence the frequency of 



Sci Parasitol 21(1-2):32-41, April 2020 
ISSN 1582-1366 

REVIEW ARTICLE 

 

 

34 

appearance of the disease. It is very important to 
have information about the lifestyle of each 
patient. It is of a great value to know their origin, 
if they have lived in or traveled to endemic 
countries, if they were exposed to vectors (Maroli 
et al., 2013), if they live in areas with a large 
number of potential carriers of the disease or sick 
animals. Furthermore, it is good to know if they 
have received preventive treatments against 
sandflies such as certified veterinary registered 
products – spot on/collar – containing synthetic 
pyrethroids, permethrin, deltamethrin or 
flumethrin/imidacloprid (Bates, 2007) or 
preventive therapies capable of interfering with 
the efficiency of their immune system, such as 
domperidone or vaccines (Travi and Miró, 2018). 
It should also be known if an animal was 
transfused (De Freitas et al., 2006) with 
potentially infected blood or was mounted with 
another animal carrying the disease, as there is a 
risk of transplacental infection or venereal one 
(Da Silva et al., 2008). Knowing other 
intercurrent diseases in both dog and cat is of 
major importance, as symptoms similar to 
leishmaniasis can be seen also in other diseases 
(e.g. bacterial/fungal skin infections, skin 
neoplasm, eczema, tuberculosis, malnutrition, 
hemolytic anemia, leukemia, lymphomas, 
bacterial endocarditis, discoid/systemic lupus 
erythematosus) that can make it difficult to 
diagnose the disease. Climate factors, seasonality 
and environmental conditions can affect the 
frequency of disease occurrence. Towards the 
south, where the temperatures are higher, with 
higher humidity the disease occurs more 
frequently (Cortes et al., 2012). 
 
Clinical diagnosis  
 
The number and intensity of clinical signs are 
determined by a set of factors involving parasite 
strain, genetics, and the host’s immune status. In 
this way, some dogs are able to remain 
asymptomatic for variable periods of time. On 
the other hand, some infected dogs may display 
an acute evolution and severe disease, or a 
progressive course that leads inexorably to 
death, if proper management and therapy are 
not adopted (Paltrinieri et al., 2016). The most 
common clinical symptoms are cutaneous 
modifications and lymphadenopathy. As for skin 
and muco-cutaneous symptoms, non-itchy 
exfoliating dermatitis with or without alopecia, 

general or localized dermatitis, ulcerative 
dermatitis with varying appearance and 
distribution (mucocutaneous and podal 
junctions), papular or nodular dermatitis, 
onychoglyphosis, and nasodigital 
hyperkeratosis is seen. However, a wide and 
heterogeneous range of clinical signs and 
lesions can be detected (Koutinas et al., 1999; 
Ciaramella et al., 1997). The most common 
general symptoms are: poor general condition - 
cachexia, lethargy, pale mucous membranes, 
epistaxis, muscular atrophy, lameness 
(erosive/non-erosive polyarthritis, 
osteoarthritis), swelling of the joints, fever, 
polyuria and polydipsia. In the head: palpebral 
lesions (exfoliative, ulcerative or nodular 
blepharitis), granulomatous orbital lesions, 
extrinsic muscle myositis, diffuse or nodular 
conjunctival lesions, corneal lesions associated or 
not with conjunctivitis and keratoconjunctivitis. 
At the sclera: nodular or diffuse scleritis and 
episcleritis, diffuse or granulomatous uveitis, 
chorioretinitis, retinal detachment. Glaucoma 
and panophthalmitis are possible complications 
of uveal diseases. Gastrointestinal (vomiting, 
diarrhea, colitis, pancreatitis) (Adamama-
Moraitou et al., 2007; Koutinas and Koutinas, 
2014), genito-urinary (prostatitis, cictitis) (Da 
Silva, 2008; Mir et al., 2012) vascular (systemic 
vasculitis, arterial thrombembolism) or 
neurological disorders due to the disease 
(meningoencephalitis, meningomyelitis, 
polymyositis, peripheral neuropathy) may also 
occur (Blavier et al., 2001). 
 
Modifications in the hematological and 
hemostatic profile 
 
Hematological changes are not pathognomonic 
or specific. The most frequent hematological 
change is anemia, which may occur 6 months 
after the infection. Usually it is mild or 
moderate and is normochromic, normocytic 
and non-regenerative. However, the 
pathogenesis of anemia resides in renal failure, 
leading to reduced erythropoietin synthesis 
and dysmyelopoiesis (Wardrop, 2010). Rarely, 
anemia may have a hemolytic component, if the 
Coombs test is positive (due to the presence of 
anti-RBC241 antibodies). Mild or moderate 
thrombocytopenia is common, but in cases of 
severe thrombocytopenia, coinfection with 
other pathogens (e.g. Ehrlichia canis, 
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Anaplasma phagocytophilum or A. platys) 
should be suspected. The mechanism 
responsible for thrombocytopenia is the 
peripheral consumption of circulating platelets 
(Paltrinieri et al., 2016). Platelet loss may be 
associated with hypercoagulability caused by 
low antithrombin III concentration (Green and 
Kabal, 1982), or due to disseminated 
intravascular coagulation. Neutrophilia due to 
systemic inflammation may be present, 
particularly if ulcerative skin lesions with 
secondary bacterial infection exist (Paltrinieri 
et al., 2016). Occasionally, lymphopenia, 
lymphocytosis, or eosinophilia are described 
(De Tommasi et al., 2014). Bone marrow 
cytology may reveal erythroid hypoplasia, 
proliferation of macrophages and allows 
detection of the infected ones. In short, it can 
be useful, either by detecting amastigote forms 
and cytological abnormalities or by 
differentiating infected from sick animals 
(Paltrinieri et al., 2016). Hemostatic 
abnormalities are not commonly seen. 
Hypercoagulability is the most common 
symptom if protein loss is severe due to 
nephropathy. Partially activated 
thromboplastin time and prothrombin time 
may be increased, when total globulin 
concentration increases (Wardrop, 2010). In 
some cases, prolonged coagulation time may be 
the result of disseminated intravascular 
coagulation (Paltrinieri et al., 2016).  
 
Biochemical profile and evaluation of the 
renal function 
 
The most frequently encountered biochemical 
modification is the increase of creatinine (due 
to renal injury), which is a good marker for the 
evaluation of the glomerular filtration ratio and 
is more specific than urea (Stockham and Scott, 
2008), but unfortunately it is not sensitive 
enough to detect primary stages of kidney 
failure. In case of muscular injury, lactate 
dehydrogenase and creatinine kinase may 
increase, and troponin I increases in case of 
cardiovascular injuries. Advanced cases are 
characterized by azotemia and may be 
associated with systemic hypertension 
(Koutinas and Koutinas, 2014). Recently, a 
promising biomarker, symmetric 
dimethylarginine (SDMA), a methylated 
protein secreted by renal glomeruli and not 

reabsorbed by renal tubules, has been 
proposed as a biomarker for early stage 
diagnosis (Jepson et al., 2008; Paltrinieri et al., 
2016). Studies in the cat, have shown that 
SDMA increases earlier than creatinine (Hall et 
al., 2014). However, so far, no studies are 
available on the diagnostic power of SDMA in 
dogs.  
 
Evaluation of immune/inflammatory 
reaction 
 
Antibody production can be investigated using 
different tests, such as protein analysis and 
serum protein electrophoresis (most accurate), 
or by measuring the proteins produced in the 
acute phase of the disease. Protein changes 
occur 12-18 months after the exposure to the 
parasite. Total proteins and globulins are often 
increased (Solano-Gallego et al., 2009; 
Paltrinieri et al., 2010). Albumin decreases, 
leading to the decrease of the albumin/globulin 
ratio which is quite common and is considered 
to be one of the most sensitive tests for the 
diagnosis of canine leishmaniasis (Paltrinieri et 
al., 2016). Hypoalbuminemia is a factor 
associated with negative prognosis, as the 
magnitude of hypoalbuminemia correlates 
negatively with the survival time. The typical 
electrophoretogram shows hypoalbuminemia, 
α2-globulin increase and γ-globulins increase, 
due to circulating antibodies, immune 
complexes and other molecules with γ motility 
(Paltrinieri et al., 2016). Acute phase proteins 
whose concentration increases in the serum 
are: CRP, haptoglobin, ceruloplasmin, serum 
amyloid A and ferritin, with ferritin, and CRP to 
increase also in urine (Paltrinieri et al., 2016). 
Though changes in acute phase proteins have 
no diagnostic value because a slight increase 
has been reported in infected animals without 
clinical signs, while very high levels can be 
found in diseases other than leishmaniasis 
(Ceron et al., 2005; Paltrinieri et al., 2016).  
 
Urinary profile 
 
After the centrifugation of urine, which is 
collected by cystocentesis (in order to avoid 
contamination), urine specific gravity (USG) 
should be evaluated using the refractometer. 
USG tends to decrease in dogs with tubule-
interstitial damage. The supernatant can be 
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used for a dipstick analysis, that should be 
focused on assessing the: pH (pH 8), the 
concentration of proteins, and the presence of 
glucose (indicator of tubular damage). The 
presence of leukocytes, erythrocytes or 
bacteria in the sediment indicates a lower 
urinary tract infection or tubular destruction. 
The evaluation of proteinuria is very 
important, as the presence and magnitude of 
proteinuria can be a marker of kidney disease 
or progression of the nephropathy. If the 
dipstick is positive for proteinuria, the 
protein:creatinine ratio (UPC > 0.5) must be 
run in order to quantify the level of 
proteinuria. If the dogs do not respond to the 
conventional treatment for CKD, renal biopsy 
should be performed (Paltrinieri et al., 2016). 
 
Markers for tubular injury 
 
Early information about the presence of 
tubular damage can be achieved using sodium 
dodecylsulphate (SDS) electrophoresis of 
urinary proteins, or by measuring the 
concentration of some urinary analytes or the 
activity of some urinary enzymes (e.g. presence 
of glucose, proteins, ketones, blood, 
urobilinogen/bilirubin, N-acetyl-β-D-
glucosaminidase, γ-glutamyl transferase, 
alkaline phosphatase) (Paltrinieri et al., 2016). 
Enzymuria is considered a marker of tubular 
damage, since enzymes are located in the 
cytoplasm of tubular cells. The enzyme 
detection can be achieved using γ-glutamyl 
transferase (GGT) and N-acetyl-β-N-
glucosaminidase (NAG) as markers (Brunker et 
al., 2009), but they must be measured 
immediately after sampling, as their activity 
decreases after refrigeration or freezing. Other 
enzymes that can indicate tubular damage are: 
alkaline phosphatase (ALP), β-glucuronidase, 
gelatinase-associated neutrophilic lipocalin 
(NGAL) and retinol-binding protein (RBP) 
(Paltrinieri et al., 2016). 
 
Laboratory and in-clinic tests used for the 
confirmation of the disease 
 
1. Snap tests – Immunochromatographic test 
(ICT) 
 
Rapid in-clinic serological tests may 
contribute in the immediate diagnosis of 

canine leishmaniasis compared with the more 
time-consuming IFAT, ELISA, and the other 
serological tests that are performed in 
specialized diagnostic laboratories. The 
immunochromatographic test (ICT) is the 
bases of all-rapid ‘in-clinic’ assays. They 
provide only qualitative results and they 
appear as reactive spots or bands (Maia and 
Campino, 2008). Such tests claim to detect 
only post-infection antibodies and not the 
post-vaccinal ones. On the other hand, the 
commercial availability, convenience, and 
immediacy of the results make such tests 
attractive for practitioners. Thus, a positive 
test result should always be followed by 
quantitative serology, and this is associated 
with an increased overall cost of the 
diagnostic investigation. If rapid in-clinic 
serological tests prove to be accurate, they can 
offer several additional advantages, including 
the immediate implementation of therapeutic 
measures that do not depend on the clinical 
stage of canine leishmaniasis (e.g. allopurinol 
administration, use of insect repellents) when 
positive, or guiding further investigations 
towards other differential diagnoses if 
negative. It is also important to emphasize the 
sensitivity and specificity of the rapid in-clinic 
serological tests. It is well known that the 
specificity of serology for L. infantum may be 
impaired due to cross-reactions with other 
organisms. In Mediterranean countries, for 
instance in Greece, where Trypanosoma spp. 
infections do not occur and canine infections 
by other Leishmania species besides L. 
infantum are seemingly rare, false-positive 
results due to cross-reactions are not 
expected to occur frequently, independently 
of the serological test employed (Athanasiou 
et al., 2014). 
 
2. Direct agglutination test - DAT 
 
The direct agglutination test (DAT) is based on 
the agglutination of trypsinized Coomassie-
stained Leishmania promastigotes by anti-
Leishmania antibodies. It was the first 
serological test developed for field use. It is 
simple, cheap, and reliable, with proven clinical 
accuracy. It can be easily performed in clinics 
or on the fiels. It does not require electrical 
equipment and has up to 2 years of shelf life. 
However, DAT has long incubation times and 
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requires some level of expertise. It has a 
sensitivity and specificity of 91% to 100% and 
72% to 100%, respectively, yet subjective 
reading of end-point titers leads to 
interobserver discrepancy. Despite those 
disadvantages, DAT is well accepted as a 
routine serologic test, usually applied to a large 
number of samples. The fast agglutination 
screening test (FAST) is a modification of DAT, 
based on a single serum dilution above the 
cutoff point of normal sera. It requires shorter 
incubation times and has been optimized for 
screening large dog populations (Travi et al., 
2018). 
 
Cytological methods 
 
Cytology aims to demonstrate the presence of 
amastigote forms of the parasite, usually 
within the macrophages, lymphoplasmocytic 
and/or granulomatous-pyogranulomatous 
infiltration, lymphonodal hyperplasia, myeloid 
hyperplasia and/or erythroid hypoplasia of 
bone marrow and fluids with high cellularity 
and increased viscosity, typical features of 
inflammation (Saridomichelakis et al., 2013). 
Cytology is a cheap and easy method to 
perform. The method of sampling is selected 
according to the target tissue. Skin samples are 
collected using fine needle aspiration from 
nodular/papular lesions and lymph nodes, 
while from the ulcerative lesions, samples are 
produced by scratching or imprint smears. 
From nasal lesions brush cytology is performed 
(Caniatti et al., 2012). Cerebrospinal fluid, 
synovial fluid or effusions, can be collected by 
centesis. When cytology provides parasite-
negative results, histological examination is 
also advised.  
 
Tests performed in specialized laboratories 
 
Histological methods 
 
Histology can demonstrate the presence of 
Leishmania spp. in hematoxylin - eosin stained 
tissue sections, but has two main 
disadvantages: it is more laborious and time 
consuming and the identification of 
amastigotes may be more difficult compared to 
cytological samples. Except hematoxylin – 
eosin stain, Diff Quick or Giemsa staining may 
also be used (Paltrinieri et al., 2016). 

Parasitological methods 
 
Those methods not only confirm whether the 
tested dogs harbor parasites, but they also 
reveal whether the parasites are viable and can 
be multiplied. The cultivation test consists of 
the development of viable promastigotes, but it 
can only be performed specialized institutes 
and requires long time. Xenodiagnosis consists 
on feeding sandflies raised in the laboratory on 
dogs suspected of disease. After a few days the 
sandflies are examined for the presence of 
promastigotes in their gut (Paltrinieri et al., 
2016). 
 
Serological methods 
 
The seroconversion to parasite antigens can be 
as early as one month after an infective 
phlebotomine bite. Active Canine Visceral 
Leishmaniasis (CVL) is usually associated with 
significant antibody titers of all classes, 
whereas low antibody levels are characteristic 
of subclinical infections or of exposed, but 
uninfected dogs. Increased levels of 
immunoglobulin G2 (IgG2) were associated 
with protective responses, while rising IgG1 
production was considered as bad prognosis. 
IgE and IgA seem to be detected mostly in 
active CVL but with low predictive value in 
asymptomatic dogs (Travi et al., 2018). The 
most common techniques used to detect 
antibodies are based on three analytical 
principles: immunofluorescent antibody test 
(IFAT) which is recognized as the reference 
method because it’s sensitivity and specificity 
values approach 100% (except in areas with 
Trypanosoma cruzi, that may give false positive 
results), enzyme-linked immunosorbent assay 
(ELISA) and immunochromatographic test 
(ICT). Both IFAT and ELISA have the advantage 
of providing quantitative results, that are based 
on the final antibody titer (the last sample 
dilution with positive result), that can be 
compared with reference titered samples 
(Paltrinieri et al., 2016). ELISA allows 
simultaneous screening of large numbers of 
samples by utilizing antigen-coated 
microplates and a spectrophotometer that 
determines antibody titers by optical density. 
The potential for absolute antibody 
quantification renders ELISA as a powerful tool 
that is less susceptible to operator bias. One of 
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its strengths is the possibility of using 
combinations of multiple antigens, thereby 
increasing the sensitivity and/or specificity of 
the method (Travi et al., 2018). 
 
Molecular methods 
 
Several methods have been proposed to detect 
the presence of the parasite DNA in various 
biological samples (any tissue or biological 
fluid). They can be performed using a variety of 
material: tissue samples frozen or stored in 
ethanol, cytological material already fixed on 
glass slides, or formalin fixed and paraffin 
embedded materials (Roura et al., 1999; 
Paltrinieri et al., 2016). It is rarely performed 
on injured tissues, for which cytology and 
histology are preferred. Conventional PCR, 
nested PCR and quantitative PCR are widely 
used in laboratory diagnosis. PCR sensitivity 
and specificity varies according to the method, 
and especially to the target DNA sequence. The 
qPCR has two advantages: they run in close 
systems and are less prone to contamination 
and provide information about the copies of 
DNA that are present in the sample, aspect that 
is relevant for the follow up of the treatment 
efficacy (Francino et al., 2006). 
 
Methods such as loop-mediated isothermal 
amplification (LAMP) and the non-
amplification assay based on the use of probes 
labelled with gold nanoparticles are not 
commonly used (Chaouch et al., 2013; 
Andreadou et al., 2014). When interpreting the 
results, the difference between infected and 
sick animal must be kept in mind. The 
detection of parasitic DNA indicates an infected 
animal. The correlation between infected and 
sick is based on the clinical and laboratory 
abnormalities (Paltrinieri et al., 2016).  
 
Future perspectives 
 
Innovative markers are being investigated for 
their diagnostic potential. For example: iron 
superoxide dismutase (Fe-SODe) secreted by 
the parasite, cytokines, leptin, inducible nitric 
oxide synthetase (iNOS), matrix 
metalloproteinases (MMP) – especially MMP9 
and pro-MMP2, have been reported in blood, 
serum or tissues of infected animals. (Melo et 
al., 2011). Also, an increase of oxidants or 

oxidized molecules and decrease of 
antioxidants has been reported. Unfortunately, 
none of the studies has provided, to date, 
information on the possible practical use of 
these markers (Lugrin et al., 2014). 
 
Fonseca et al., (2019), used an adapted 
chemiluminescent enzyme-linked 
immunosorbent assay (CL ELISA), with the help 
of two multi-epitope recombinant proteins 
(PQ10 and PQ20) and a crude antigen produced 
from promastigotes of L. infantum, as antigens 
to detect CVL infection in animals from Belo 
Horizonte. CL ELISA sensitivity/specificity with 
PQ10 antigen was 93.1%/80.0%; with the PQ20 
protein 93.1%/96.6%; and with the crude 
antigen 75%/73.3%. The CL ELISA had 
improved the diagnostic performance compared 
to the rapid dual path platform (DPP) 
immunochromatographic assay and the 
conventional ELISA. Furthermore there was no 
cross-reactivity observed (Fonseca et al., 2019). 
The results described by da Silva et al. (2019), 
allow us to infer that CatLeish-PCR is a sensitive 
and specific marker for use in diagnostic trials 
of L. infantum and in clinical and 
epidemiological surveys (da Silva et al., 2019). 
Recently, a novel ELISA strategy has emerged, 
known as “plasmonic ELISA” (pELISA), which 
enables the detection of disease biomarkers at 
low concentrations, with the naked eye. The 
immunoassay incorporates an indirect ELISA 
with successive growth of gold nanoparticles to 
obtain blue or red-colored solutions in the 
presence or absence of anti-Leishmania sp. IgG 
antibodies in canine serum. The technique was 
successfully tested and was shown to be an 
effective method that could be used as an 
additional tool for CanL diagnosis (Maciel et al., 
2019). In addition, Santos et al. (2019) 
discovered a potential diagnostic antigen to 
detect tegumentary and visceral leishmaniasis 
in dogs and humans, called eukaryotic 
elongation factor-1 beta protein. The 
Leishmania eukaryotic elongation factor-1 beta 
(EF1b) protein, was cloned and its 
recombinant version (rEF1b) was expressed, 
purified and tested as a diagnostic marker for 
VL and TL. The test has a sensitivity and 
specificity values of 100% in both sera classes 
(Santos et al., 2019). Recently, Muñoz-Prieto et 
al. (2019) developed a method that could 
measure adiponectin in serum and saliva of 
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dogs with high repeatability and sensitivity, 
adding a limit of quantification lower than 
commercially available ELISAs. In addition, 
significantly higher adiponectin concentrations 
were found in lean dogs and a correlation 
between serum and saliva was observed 
(P < .01). Moreover, dogs infected with 
Leishmania spp. presented reduced levels of 
adiponectin in serum. In conclusion, this new 
immunoassay is more sensitive and faster than 
the traditional ELISA assays and it requires less 
sample volume (Munoz-Prieto et al., 2019). Ker 
et al. (2019) have demonstrated that the use of 
multiplex flow cytometry is an accurate 
method for the diagnosis of visceral 
leishmaniasis, with sensitivity reaching 95.0% 
and specificity 82.5% (Ker et al., 2019). 
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