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RESUMO

A leishmaniose visceral (LV) é uma zoonose causada pela Leishmania infantum, havendo
relatos da participacdo cada vez mais relevante dos felinos domeésticos no ciclo da doenca.
Diante disso, 0 presente estudo teve como objetivo avaliar o perfil epidemiolégico e identificar
as alteracdes clinicas, hematologicas e bioquimicas em gatos naturalmente infectados por L.
infantum e avaliar as técnicas de diagndstico para leishmaniose felina (LF). Para tanto, foi
realizada uma revisdo sistematica, seguida de meta-analise dos dados quantitativos obtidos
sobre a LF no Brasil, além de coleta de sangue de 91 gatos do municipio de Mae d’Agua e de
427 gatos atendidos no Hospital Veterindrio Universitario Professor Doutor Ivon Macedo
Tabosa, da Universidade Federal de Campina Grande (HVU/UFCG), situado no municipio de
Patos, Estado da Paraiba, Brasil. Os exames hematoldgicos, soroldgicos (teste rapido DPP®
LVC, ELISA S7® e VETLISA Leishmaniose Felina 1gG (Bioclin) e moleculares (QPCR),
foram realizadas a partir da coleta de sangue venoso. Os animais foram considerados positivos
quando reagentes em dois ensaios sorolégicos ou quando positivos na qPCR. Os fatores
associados a doenca foram determinados a partir dos dados levantados no questionario
epidemioldgico e, para a avaliacdo da distribuicdo da doenca no municipio, foi empregado o
programa QGIS. As amostras de sangue provenientes dos animais atendidos no HVU/UFCG
foram utilizadas para analises hematoldgicas e bioquimicas e testadas pelo DPP® e
ELISA/S7®. Além disso, os dados das fichas de atendimento clinico veterinario foram
analisadas para obtengdo dos dados gerais dos animais e dos aspectos clinicos sugestivos de
LF. Na revisdo sistematica, 31 trabalhos foram analisados na integra e, na meta-analise,
observou-se uma prevaléncia combinada de 11%, com alta heterogeneidade entre os estudos,
que foi atribuida as diferencas nos métodos diagndsticos e no desenho amostral utilizados; ndo
foi detectado viés de publicacdo e os métodos moleculares se mostraram mais eficazes para o
diagndstico da doenca em gatos (1> = 57%). Os estudos identificaram o uso potencial da
sorologia em levantamentos epidemioldgicos da doenca em felinos, especialmente em areas
endémicas. Os artigos avaliados descreveram, predominantemente, sinais clinicos
dermatoldgicos nos gatos infectados e a maioria identificou L. infantum como agente etiolégico.
A prevaléncia de LF em Mae d’Agua foi de 10,9%, sem identificagdo de fatores de risco, e 0s
casos se concentraram em uma area de expanséo urbana. Os animais infectados apresentaram
numero de hemécias, concentracdo de hemoglobina, hematdcrito, albumina e ureia inferiores e
namero de mondcitos superior aos animais negativos para L. infantum. Houve concordéncia
pobre entre os testes soroldgicos e a g°PCR; nos animais atendidos no HVU/UFCG a prevaléncia
da doenca foi de 2,1%. A maioria dos animais sororreagentes era do sexo masculino, tinha 1
(um) ano de idade e todos apresentavam, pelo menos, um sinal clinico sugestivo da LF. A
eritrocitose e trombocitopenia acometeram 28,6% dos animais positivos. O leucograma
apresentou, na maioria dos casos, leucocitose por neutrofilia. A necessidade de padronizagédo
das técnicas de diagnostico em felinos e da inclusédo da LF como diagnostico diferencial nas
doencas em gatos, principalmente as que cursam com sinais dermatoldgicos, é ratificada.

PALAVRAS-CHAVE: dermatologia, diagnostico, doenca negligenciada, felideos,
parasitologia.



ABSTRACT

Visceral leishmaniasis (VL) is a zoonosis caused by Leishmania infantum, with increasing
reports of the relevant participation of domestic cats in the disease cycle. Therefore, the present
study aimed to evaluate the epidemiological profile and identify clinical, hematological and
biochemical alterations in cats naturally infected with L. infantum and evaluate diagnostic
techniques for feline leishmaniasis (FL). For this purpose, a systematic review was carried out,
followed by a meta-analysis of the quantitative data obtained on FL in Brazil, in addition to the
collection of blood from 91 cats in the municipality of Mae d'Agua and from 427 cats attended
at the University Veterinary Hospital Professor Doutor Ivon Macedo Tabosa, at the Federal
University of Campina Grande (HVU/UFCG), located in the municipality of Patos, State of
Paraiba, Brazil. Hematological, serological (DPP® LVC rapid test, ELISA/S7® and VETLISA
Leishmaniasis Feline 1gG (Bioclin) and molecular (QPCR) tests were performed from blood
samples. Animals were considered positive when either reactive in two serological assays or
positive in qPCR.. The factors associated with the disease were determined from the data
collected in the epidemiological questionnaire and, to assess the distribution of the disease in
the municipality, the QGIS program was used. The samples from the animals attended at the
HVU/UFCG were used for hematological and biochemical analyzes and tested by the DPP®
and ELISA/S7®. In addition, data from veterinary clinical records were analyzed to obtain
general data on the animals and clinical aspects suggestive of FL. In the systematic review, 31
studies were analyzed in full and, in the meta-analysis, a combined prevalence of 11% was
observed, with high heterogeneity between the studies, which was attributed to differences in
the diagnostic methods and sample design used; no publication bias was detected and molecular
methods were more effective for the diagnosis of the disease in cats (1 = 57%). Among the
articles that used this technique, serology showed potential for epidemiological studies of the
disease in felines, especially in endemic areas. The articles evaluated predominantly described
clinical dermatological signs in infected cats and most identified L. infantum as the etiologic
agent. The prevalence of FL in Méae d'Agua was 10.9%, with no identification of risk factors,
and the cases were concentrated in an area of urban expansion. Infected animals had lower
numbers of red blood cells, hemoglobin concentration, hematocrit, serum albumin and urea,
and higher monocyte numbers than the reference values, as well as when compared to negative
animals for L. infantum. There was poor agreement between serological tests and gPCR; among
the animals attended at the HVU/UFCG the prevalence of the disease was 2.1%. Most
seroreactive animals were male, 1 (one) year old and all had at least one clinical sign suggestive
of FL. Erythrocytosis and thrombocytopenia affected 28.6% of positive animals. The
leukogram showed, in most cases, leukocytosis due to neutrophilia. The need for
standardization of diagnostic techniques in felines and the inclusion of FL as a differential
diagnosis in diseases in cats, especially those with dermatological signs, is ratified.

KEY-WORDS: dermatology, diagnosis, felids, neglected disease, parasitology.
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INTRODUCAO GERAL

A leishmaniose visceral (LV) é uma zoonose sistémica crénica, muitas vezes fatal, de
grande impacto na Saude Publica e ampla distribuicdo geogréfica, ocorrendo na Europa, Oriente
Médio, Africa, Asia e Américas (BANETH et al., 2008; WHO, 2010; BRASIL, 2014). O agente
causador da LV é Leishmania infantum, um protozoario que acomete o sistema fagocitico
mononuclear de mamiferos e € transmitido, principalmente, através do repasto sanguineo de
insetos flebotomineos infectados (MELO, 2004; WHO, 2010).

Nos ultimos anos, estudos tém relatado a infeccdo em gatos domésticos o que tem
gerado hipdteses sobre uma possivel participacdo desta espécie no ciclo epidemioldgico da
doenca em areas endémicas, atuando como fonte alternativa de infeccdo para os flebotomineos
(SILVA et al., 2010; MAIA; CAMPINO, 2011; VIDES et al., 2011; BATISTA et al., 2020).

A infeccdo por L. infantum em gatos domésticos pode transcorrer com sinais clinicos
associados a um padrdo sisttmico e/ou dermatoldgico, sendo este Ultimo mais prevalente
(LEIVA et al., 2005; MARCOS et al., 2009; VIDES et al., 2011; SILVEIRA-NETO et al.,
2015; FERNANDEZ-GALLEGO et al., 2020; SILVA et al., 2020).

Estudos realizados em gatos domeésticos demonstram que a resposta imunoldgica destes
animais difere da relatada em cées. Enquanto estes Ultimos apresentam uma elevada resposta
humoral, a resposta nos felinos parece ser predominantemente celular, devido a producédo de
IFN-y apoOs exposi¢do ao antigeno da L. infantum, caracteristica que pode lhes conferir
resisténcia natural a leishmaniose, com anticorpos especificos anti-Leishmania ausentes ou em
niveis muito baixos. A baixa producédo de anticorpos também pode ser justificada por, quando
do surgimento de manifestaco clinica, a forma mais comum ser a cutanea (SIMOES-MATTOS
et al., 2005; SOLANO-GALLEGO et al., 2007; MAIA; CAMPINO, 2011; PRIOLO et al.,
2019).

Em relacdo ao diagnostico, a maioria das técnicas disponiveis para 0s cdes também é
empregada em felinos, como as parasitoldgicas, soroldgicas e moleculares (MAIA et al., 2008;
PENNISI et al., 2015; CHATZIS et al., 2014ab), porém, divergéncias na padronizacdo das
técnicas soroldgicas apontam para dificuldades na aplicacdo destes métodos, ressaltando a
necessidade da validacdo e padronizagdo de novas técnicas de diagnostico para os felinos
(METZDOREF, 2015). Por isso, os métodos parasitologicos e moleculares tém se demonstrado
vantajosos, principalmente pela alta especificidade que apresentam (COSTA et al., 2010;
MAIA et al., 2010; PENNISI et al., 2015). No entanto, alguns autores alertam para menor
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sensibilidade do método parasitoldgico, sendo importante a associacdo de técnicas para o
diagndstico da doenca (VIDES et al., 2011; CHATZIS et al., 2014b).

Os gatos domeésticos podem atuar como fonte de infecgdo para vetores transmissores de
Leishmania spp. (SIMOES-MATTOS, 2005; MAROLI et al., 2007; SILVA et al., 2010;
BATISTA et al., 2020; MENDONCGCA et al., 2020) e o estreito contato destes animais com cées
e seres humanos se configura como um risco adicional para a ocorréncia da doenca
(AKHTARDANESH et al., 2018; BATISTA et al., 2020). No estado da Paraiba foi identificada
a infeccdo por L. infantum em gatos domesticos provenientes do municipio de Sousa; onde 0s
animais apresentavam lesfes nodulares em &reas da cabega e lesdes ulceradas nos membros
(SILVA et al., 2020).

Os escassos relatos a respeito dos aspectos clinico-patologicos e epidemioldgicos da
doenca nos felinos dificultam o entendimento sobre o verdadeiro papel destes animais no ciclo
da LV e a identificagdo das melhores condutas para diagnostico e tratamento dos gatos
infectados. Diante disso, 0 objetivo da presente tese foi avaliar o perfil epidemiolédgico da
leishmaniose felina (LF), além de identificar as alteracdes clinicas e laboratoriais nos gatos
naturalmente infectados com L. infantum. Para tanto, o corpo estrutural do trabalho foi divido
em trés capitulos, que sdo descritos a seguir.

O capitulo I consistiu em uma revisdo sistematica da literatura sobre a LF, com
posterior meta-analise dos dados quantitativos disponiveis em artigos de periddicos indexados.
A revisdo objetivou reunir informac6es sobre a prevaléncia da doenca, os tipos de diagnosticos
empregados, manifestacdes clinicas dos animais e caracteristicas individuais dos gatos que
pudessem exercer influéncia na epidemiologia da LF.

O capitulo 11 consistiu em um estudo da LF no municipio paraibano de Mae D’Agua,
localizado na regido metropolitana de Patos. O objetivo do trabalho foi avaliar a prevaléncia,
distribuicdo espacial e fatores de risco associados a doenca em felinos domésticos, além de
avaliar alteracGes clinicas/laboratoriais nos gatos infectados e o desempenho das técnicas
soroldgicas utilizadas no diagndstico da LVC (DPP® [Dual Path Platform] e ELISA/S7®), do
VETLISA Leishmaniose Felina 19gG (Bioclin) e da gPCR para a deteccdo da doenca em gatos.

No capitulo 11 foi avaliada a ocorréncia da LF em animais atendidos no Hospital
Veterinario Professor Doutor Ivon Macedo Tabosa, da Universidade Federal de Campina
Grande (UFCG), situado no municipio de Patos, semiarido paraibano, visando estimar a
prevaléncia da doenca na regido e identificar caracteristicas clinicas e laboratoriais nos animais

com LF, auxiliando, assim, no diagnostico e tratamento mais adequado dos animais infectados.
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ABSTRACT

Robust and substantiated information on feline leishmaniasis (FL) remains scarce. In view of
this, the aim of the present study was to carry out a systematic review with meta-analysis on
the occurrence of leishmaniasis in felines in Brazil. Therefore, 31 studies were analyzed in full
(31 qualitatively and 23 quantitatively). Through the meta-analysis, a combined prevalence of
11% was observed, with high heterogeneity between studies attributed to differences in
diagnostic methods and in the sample design used, since publication bias was not detected.
Research has predominantly described dermatological clinical signs in infected cats, but
alterations such as lymphadenomegaly, weight loss, ocular alterations, gingivitis and
dehydration have also been reported. In 19 out of 31 studies, L. infantum was identified as the
etiologic agent of FL. Molecular methods proved to be more effective for the diagnosis of the
disease in cats (1°=57%), however, serological methods have potential for epidemiological
studies of FL, especially in endemic areas. The need for standardization of diagnostic
techniques for felines and the inclusion of FL as a differential diagnosis in diseases in cats,
especially those with dermatological signs, is confirmed.

Keywords: Cats, clinical signs, diagnosis, epidemiology, Leishmania spp.

RESUMO

Informagdes fundamentadas e robustas sobre a leishmaniose felina (LF) continuam escassas.
Diante disto, o objetivo do presente estudo foi realizar uma revisdo sistematica com meta-
andlise sobre a ocorréncia de leishmaniose em felinos no Brasil. Para tanto, 31 trabalhos foram
analisados na integra (31 de forma qualitativa e 23 de forma quantitativa). Atraves da meta-
analise, observou-se uma prevaléncia combinada de 11%, com alta heterogeneidade entre os
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estudos atribuida as diferencas nos métodos diagnosticos e no desenho amostral utilizados, visto
que viés de publicacdo ndo foi detectado. As pesquisas descreveram, predominantemente, sinais
clinicos dermatoldgicos nos gatos infectados, mas alteraces como linfadenomegalia,
emagrecimento, alteracdes oculares, gengivite e desidratacdo também foram relatadas. Em 19,
dos 31 estudos, L. infantum foi identificada como agente etiologico da LF. Os métodos
moleculares se mostraram mais eficazes para o diagndstico da doenca em gatos (1°=57%),
porém, métodos soroldgicos apresentam potencial para estudos epidemioldgicos da LF,
especialmente em areas endémicas. Ratifica-se a necessidade de padronizacdo das técnicas de
diagndstico para felinos e da inclusdo da LF como diagnostico diferencial nas doengas em gatos,
principalmente as que cursam com sinais dermatologicos.

Palavras-chave: Diagndstico, epidemiologia, gatos, Leishmania spp., sinais clinicos.

INTRODUCTION

Visceral leishmaniasis (VL) is a systemic and chronic infectious-parasitic zoonosis
caused by protozoa of the genus Leishmania that affect the mononuclear phagocytic system of
mammals and is transmitted mainly through the blood meal of infected sandfly insects (Melo,
2004; WHO, 2010).

Although, in the domestic cycle of the disease, the dog is considered the main link in
the chain of transmission, with reports of its infection in foci of the disease in humans (Melo,
2004; Ursine et al., 2016), the occurrence of leishmaniasis caused by L. infantum in cats in
Brazil has been increasingly reported (Antunes et al., 2018, Berenguer et al., 2021, Coelho et
al., 2010, Pennisi et al., 2015). In addition, the potential of the species to infect Lutzomyia
longipalpis (Silva et al., 2010), the main vector of the disease in Brazil, and the transmission
through sandflies to dogs (Batista et al., 2020), generating hypotheses about the participation
of felines in the epidemiological cycle of the disease in endemic areas (Silva et al., 2010; Maia
& Campino, 2011; Vides et al., 2011; Batista et al., 2020).

Despite the significant increase in research on the disease in cats in recent years, robust
information on feline leishmaniasis (FL) remains scarce. Thus, the present study aims to gather
information on the prevalence of the disease in this species, the types of diagnosis used, clinical
manifestations of animals and individual characteristics of cats, which may influence the

epidemiology of FL.

MATERIAL AND METHODS
Study design
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This research consisted of a systematic review of the literature on leishmaniasis in cats
infected with Leishmania infantum, with subsequent meta-analysis of the quantitative data
available in articles from indexed journals, being conducted in accordance with the guidelines
of the Preferred Reporting Items for Systematic Reviews and Meta-Analysis (PRISMA)
(Liberati et al., 2009).

Eligibility Criteria

Studies were considered appropriate for data extraction when they had the following
inclusion criteria: full articles, brief communications and case reports with information on the
prevalence of the disease in this species, clinical manifestations of the animals, individual
characteristics of the cats that could influence the epidemiology of FL caused by L. infantum
(race, sex and age) and the diagnosis of leishmaniasis using at least one of the following
techniques: cytology, isolation by culture, serological examination and molecular diagnostic
methods.

The exclusion criteria included: studies that were not on the
frequency/prevalence/incidence of leishmaniasis caused by either L. infantum or Leishmania
spp. in felines in Brazil, using any of the aforementioned diagnostic methods, or that did not
address the clinical manifestations of the disease, and literature reviews and books or book
chapters (for titles); researchs with laboratory data/experimental tests, abstracts of articles
presented in proceedings of symposia or conferences; studies with inappropriate design
(unrepresentative sample size, incorrect sampling approach, inappropriate diagnostic method)
(for abstracts) or containing confusing text and incomprehensible analyzes (for full-text
researchs).

Information sources and search strategies

Considering the pre-established inclusion and exclusion criteria, the search was carried
out in the following electronic databases: PubMed, Scopus, Web of Science, Science Direct and
Scielo using combinations of the keywords: feline OR cat AND leishmaniasis OR Leishmania
AND Brazil.

Study selection and data extraction
The data obtained were saved in BibTex format and exported to Mendeley's

bibliographic manager, with subsequent rigorous removal of duplicates, followed by screening
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of titles and abstracts. The screening and selection of studies was performed by two researchers
and differences between them were resolved by discussion and consensus.

After this step, the studies considered eligible had their text analyzed in full and the data
recorded in an Excel spreadsheet. For the qualitative evaluation of the data from the articles,
the following information was used: name of the authors, year of publication, area of study,
clinical manifestations, particularities of the animals (race, sex and age), diagnostic method
used and identification or not of the species from Leishmania. For the analysis of quantitative
data, the authors' name, year of publication, study area, sample size and number of positive

animals were used.

Data analysis

In the analysis of qualitative data, descriptive statistics were used, in order to
characterize the clinical aspects of leishmaniasis in felines and factors that influence the
occurrence of the disease. And, based on the different regions evaluated, a distribution map for
FL was generated.

For quantitative data, a meta-analysis was performed to assess the prevalence of
leishmaniasis in felines, using a 95% confidence interval. A Forest plot was made to visualize
the estimated measure of effect of each study and the aggregate effect.

Statistical heterogeneity was determined from visual analysis of Forest plot results and
using Cochran's Q statistical test (p-value <0.1). As a complement, the Higgins and Thompson
inconsistency test (1) was also used.

The meta-analysis was calculated using a random or fixed effects model whether or not
heterogeneity was identified, respectively. When necessary, to correct possible sources of
heterogeneity, the articles were stratified into subgroups, according to the characteristics of
their data. Funnel plot and Egger's statistical test were used to verify the existence of publication

bias. All statistical analyzes were performed using RStudio software.

RESULTS

During the data search, 5407 articles were found in the bases used in the research. Of
these, 31 met the eligibility criteria and were evaluated by qualitative and/or quantitative
analysis. A flowchart with the steps involved in carrying out the systematic review is shown in

Figure 1.
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In the studies included in the qualitative analysis, 730 were diagnosed with Leishmania
spp. or L. infantum and reports of positive animals occurred in the states of Bahia, Maranhéo,
Mato Grosso, Mato Grosso do Sul, Minas Gerais, Para, Paraiba, Parand, Pernambuco, Rio de
Janeiro, Rio Grande do Norte, Santa Catarina, Sdo Paulo and Tocantins. The map presented in
Figure 2 demonstrates the distribution of the species found. In the studies in which this
information was included, there was a predominance of positive mixed-breed animals (80/82),
a slightly higher number of infected females (79/149) and animals aged between 2 months and
12 years. The main clinical signs, when apparent, are shown in Table 1, with a predominance

of dermatological alterations.

For the meta-analysis, 23 articles were included, however, as in ten of them different
diagnostic techniques were used, the total number of studies counted for the quantitative
analysis was 36 (Figure 3).

Analyzing the results of Cochran's 12 and Q tests, high heterogeneity was observed
between the studies (17 = 95%, p<0.01), thus, a random effects model was used and the studies
were divided into subgroups, according to the diagnostic tests used (serological, parasitological
or molecular). Even so, heterogeneity was high in the serology (12 = 96%) and parasitological
(1> = 77%) subgroups, and moderate in the molecular methods subgroup (1> = 57%). The
combined prevalence of FL was 11% (CI: 6-18%). The main characteristics of the studies

included in the meta-analysis are shown in Figure 3.

In the funnel plot (Figure 4), an asymmetric distribution between studies was identified,
demonstrating the possibility of publication bias, which was discarded by the application of the
Egger test (p = 0.20).

DISCUSSION

The first report of infection by L. infantum in a domestic cat, in Brazil, occurred in the
year 2000 (Savani et al., 2004) and, although studies on FL are increasingly frequent, there are
still deficiencies regarding robust information on epidemiology, clinical features and the best

diagnostic methods used for the species.

Regarding the risk factors associated with the disease, race and age do not seem to
influence the occurrence of FL (Coelho et al., 2011; Spada et al., 2013; Bresciani et al., 2010).
Sousa et al. (2019) also state that there is no minimum or maximum age for infection and warn

of the need to investigate the possibility of vertical transmission.
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With regard to the sex of the animals, Sobrinho et al. (2012) demonstrated a statistical
association between males and the occurrence of FL, a fact that may be related to male behavior

in spending more time in an open environment, increasing exposure to sandflies.

In 13 of the 17 studies in which there was information on clinical signs, dermatological
alterations were present (such as skin lesions, ulcers and alopecia), a common feature of
infection in domestic cats (Marcos et al., 2009; Pennisi et al., 2013). The other alterations that
were commonly found (lymphadenomegaly and weight loss [47.1%; 8/17], ocular alterations
[29.4%; 5/17), gingivitis [23.5%; 4/17] and dehydration [17] .6%; 3/17]) demonstrate the
potential for more systemic alterations in Leishmania spp. in felines and alert to the need for
more accurate investigations during the clinical examination of animals, including FL in the

differential diagnosis when similar clinical pictures are observed.

Due to the fact that cats have a certain resistance to infection by Leishmania spp. because
they mount an effective cellular response (Solano-Gallego et al., 2007; Piraja et al., 2013;
Akhtardanesh et al., 2018), the presence of a greater number of asymptomatic animals in
relation to animals with some clinical symptom is a finding common (Chatzis et al., 2010;
Soares et al., 2015; Akhtardanesh et al., 2017), which justifies the results obtained in several
studies in which clinical signs suggestive of FL were not observed in positive animals (Benassi
etal. ., 2017; Braga et al., 2014%; Coelho et al., 2011; Coura et al., 2018; Da Silva et al., 2008;
De Morais et al., 2013).

In our study, the global prevalence of leishmaniasis in felines was 11%, but the high
heterogeneity of the analyzed studies may have interfered with the results of the combined
prevalence. A publication bias would justify this heterogeneity between studies, but it was not
detected by the Egger test. Thus, the difference in the methodologies used for the diagnosis of
the disease and the variations in the sample number between studies seem to have been

responsible for the high heterogeneity observed here.

Worldwide, the prevalence rates of L. infantum infection in felines, in serological or
molecular studies, range from zero to more than 68.5% (Pennisi et al., 2015). This difference is
expected and reflects the divergences in the diagnostic methodologies used, a situation evident
in the results of the meta-analysis by subgroups, where the animals showed greater positivity
in serology (19%), compared to parasitological (3%) and molecular tests (11%).

Despite the higher percentage of positive animals in the serology (19%), there are
studies that indicate that felines have natural resistance to leishmaniasis (Alves et al., 2022;
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Piraja et al., 2013), which leads to a lower production of antibodies in this species (Maia et al.,
2010; Solano-Gallego et al., 2007). However, as many of the studies evaluated in the present
research used total soluble antigens in the performance of serological techniques (Alves et al.,
2022; Alves-Martin et al., 2017; Benassi et al., 2017; Bezerra et al., 2019; Braga et al., 2014ab;
Bresciani et al., 2010; Coelho et al., 2011; Costa et al., 2010; Costa-Val et al., 2020; Coura et
al., 2018; De Matos et al., 2018; Leonel et al., 2020; Oliveira et al., 2015; Pedrassani et al.,
2019; Rocha et al., 2019; Sobrinho et al., 2012; Sousa et al., 2014; Vioti et al., 2021 ), the
occurrence of cross-reaction with other agents cannot be discarded (Braga et al., 2014b; Spada
et al., 2013; Costa-Val et al., 2020).

In contrast, Alves et al. (2022) report the possibility that exposed cats develop,
simultaneously, a significant cellular response against the infection and humoral, which
culminates in a negativity in the molecular and parasitological tests, but allows the detection of
antibodies against Leishmania spp. Thus, a residual antibody response may indicate only a
transient exposure to the parasite (Santos et al., 2021).

Coura et al. (2018) suggest that cats respond to Leishmania infection by producing
antibodies, even though there are few or no parasites in bone marrow and tissue samples. Thus,
serology should be used in epidemiological investigations, especially in endemic areas (Da
Silva et al., 2008; Oliveira et al., 2015; Alves-Martin et al., 2017).

Through parasitological techniques, although many animals presented at least one
clinical sign suggestive of FL, which could increase the chances of observing amastigotes in
the parasitological evaluation (Assis et al., 2010), the percentage of positives in the technique
was low. Coura et al. (2018) claim that the feline immune system can eliminate the infection or
contain the parasites within an organ, decreasing the levels of parasitaemia. According to Santos
et al. (2021), lower tissue parasitism in cats compared to dogs may make the cytological
examination less accurate during diagnosis.

Although it has a specificity of 100%, confirmation of infection by parasitological
methods can be difficult, since its sensitivity varies according to the degree of parasitism, the
way in which the samples are processed and the type of biological material used (Laurenti,
2009), since the parasites are not evenly distributed across the tissues (Costa et al., 2010; Mello
et al., 2016), which may also influence the heterogeneity observed in this subgroup.

Reflecting the moderate heterogeneity found in the subgroup of molecular methods,
studies employing PCR have, in fact, demonstrated the effectiveness of this method for the

diagnosis of infection in felines (Alves-Martin et al., 2017; Benassi et al., 2017; Antunes et al.,
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2018), but the need to combine diagnostic methods for the safe identification of positive animals
is strongly recommended (Oliveira et al., 2015; Alves-Martin et al., 2017; Santos et al., 2021).

Regarding the identification of the etiologic agent of the disease, L. infantum was
detected in 19 of the 31 studies evaluated (Table 2). The presence of L. infantum in domestic
cats, especially in endemic areas for visceral leishmaniasis, highlights the potential role of these
animals in the disease cycle, since Lu. longipalpis can become infected when taking a blood
meal from cats (Silva et al., 2010) and transmit the parasite to dogs (Batista et al., 2020).

CONCLUSION

The high heterogeneity between the studies reflects the differences in the diagnostic
methods used and demonstrates the need to standardize these techniques for felines. The
presence of dermatological alterations was a frequent finding in studies on FL, emphasizing the
importance of including FL as a differential diagnosis in diseases in cats, especially those with

dermatological signs.
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Legends of Tables and Figures

Figure 1. Flowchart of the steps of the systematic review on feline leishmaniasis in Brazil.
Figure 2. Choropletic map of the distribution of selected studies on feline leishmaniasis in
Brazil.

Table 1. Characteristics of the studies included in the qualitative analysis on feline
leishmaniasis in Brazil.

Table 2. Leishmania species found in the studies included in the qualitative analysis on feline
leishmaniasis in Brazil.

Figure 3. Meta-analysis of studies on feline leishmaniasis in Brazil.

Figure 4. Funnel plot showing the distribution of studies on the prevalence of feline

leishmaniasis in Brazil.
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Figure 1. Flowchart of the steps of the systematic review on feline leishmaniasis in Brazil.
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Figure 2. Choropletic map of the distribution of selected studies on feline leishmaniasis in
Brazil.
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Table 1. Characteristics of the studies included in the qualitative analysis on feline leishmaniasis in Brazil

References Diagnosis
Authors Study area Clinical signs Test Species
Alves et al., x Skin lesions, weight loss, lymph  IFA, ELISA, PCR .
Sdo Paulo . L. infantum
2022 node enlargement, alopecia and Cytology
Alves-Martin Sio Paulo Alopecia, weight loss and skin IFA, ELISA, PCR Leishmania s
etal., 2017 lesions and Blood culture Pp-
Antunes etal.,, Mato Grosso Presence of a lump near the .
2018 do Sul breast Cytology and PCR L. infantum
Bzrlenggze; et Pernambuco Lymphadenopathy Cytology and PCR L. infantum
Gingivostomatitis complex, skin
Bezerra et al Rio Grande lesions, chronic rhinitis,
N bronchopneumonia, chronic IFA and PCR Leishmania spp.
2019 do Norte . .
kidney disease,
lymphadenomegaly, blepharitis
Bresciani et x . . . .
al. 2010 Sao Paulo Dermatological alterations Cytology and IFA  Leishmania spp.
Costa et al., < Dermatological alterations and Cytology and . .
2010 Sdo Paulo hepatosplenomegaly ELISA Leishmania spp.
Madruga et al., ) . PCR, Culture and .
2018 Mato Grosso Anterior uveitis Histopathology L. infantum
Alopecia, oral ulcers,
Metzdorf et Mato Grosso gingivostomatitis complex, .
al., 2017 do Sul weight loss, mucopurelent nasal Cytology and PCR L. infantum
and eye discharge
Rocha et al Alopecia, thinning hair,
2019 N Maranhéo lacerations, and ulcerative IFA and PCR L. infantum
dermatites
Skin lesions, alopecia, weight
Santos et al., . loss, gingivitis, oral ulcers, Cytology, DPP® .
2021 Bahia sneezing, dehydration, and and PCR L. infantum
lymphadenopathy
. Nodular lesion in the nose,
Savani et al., « : . .
2004 Séo Paulo weight loss, dehydration and Cytology and PCR L. infantum
lymphadenopathy
Sousa et al., Tocantins Diarrhea, pale mucous IFA, PCR and L infantum
2019 membranes, and apathy Parasitological '
S”é%ial" Pernambuco Skin lesions ELISA/S7 L. infantum
: Skin lesions (nodular and
Silvaet al., . Serology, Cytology .
2020 Paraiba ulcerated), lymphadenopathy, and PCR L. infantum

weight loss, dehydration,
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difficulty breathing and
damaged coat

Sobrinho et al., Lymphadenopathy, weight loss,  Serology, Cytology

2012 Sdo Paulo alopecia and eye discharge and PCR L. infantum
Skin lesions, alopecia, weight
Vioti et al., S50 Paulo loss, eye lesions, IFA, ELISA and L infantum
2021 lymphadenopathy, gingivitis and PCR '
diarrhea

IFA: Indirect immunofluorescence technique; ELISA: Enzyme-Linked Immunosorbent Assay; PCR: Polymerase Chain Reaction;
DPP: Dual-path Platform chromatographic immunoassay



Table 2. Leishmania species found in the studies included in the qualitative analysis on feline

leishmaniasis in Brazil.

Authors Study area Species
Alves et al., u .
2022 Séo Paulo L. infantum
Alves-Martin et ~ . .
al. 2017 Séo Paulo Leishmania spp.
Antunes et al., Mato Grosso do Sul L. infantum
2018
Benassi et al., u .
2017 Séo Paulo L. infantum
Berenguer et al., .
5021 Pernambuco L. infantum
Bezezr(r)igt al., Rio Grande do Norte Leishmania spp.
Braga et al., . .
20143 Mato Grosso do Sul Leishmania spp.
Brazgoalitbal., Mato Grosso do Sul e S&o Paulo Leishmania spp.
Bresciani et al., u . .
2010 Séo Paulo Leishmania spp.
Coelho et al., u .
2010 Séo Paulo L. infantum
Coelho et al., N . .
2011 Séo Paulo Leishmania spp.
Costaetal., x . .
2010 Séo Paulo Leishmania spp.
Costa-Val et al., . . .
2020 Minas Gerais L. infantum
Couracet al., . . . .
2018 Minas Gerais Leishmania spp.
Da Silva et al., . . )
2008 Rio de Janeiro L. infantum
De Matos et al., Parana Leishmania s
2018 pp.
De Morais et al., .
2013 Pernambuco L. infantum
Leonel et al., ~ . .
2020 Séo Paulo Leishmania spp.
Madruga et al., .
2018 Mato Grosso L. infantum
Metzdorf et al., Mato Grosso do Sul L. infantum
2017
Oliveira et al.,

2015

Para

Leishmania spp.



Pedrassani et al.,

5019 Santa Catarina Leishmania spp.
Rocha et al., x i
5019 Maranhé&o L. infantum
Santos et al., Bahia L. infantum
2021 '
Savani et al., x i
2004 Séo Paulo L. infantum
Sousa et al., i
5014 Mato Grosso do Sul L. infantum
Sousa et al., Tocantins L. infantum
2019 '
Silvaetal., Pernambuco L. infantum
2014 '
Silva et al., : i
2020 Paraiba L. infantum
Sobrinho et al., x i
201 Séo Paulo L. infantum
Vioti et al.,

vl Séo Paulo L. infantum




Figure 3. Meta-analysis of studies on feline leishmaniasis in Brazil.

Study Events Total Proportion 95%—CI
Alves—-Martin et al. 2017 kT 21 — 0.73 [0.58; 0.84]
Alves et al 2022 44 100 : —_— 0.44 [0.34; 0.54]
Bezema etal. 2019 14 91 —|— 0.15 [0.09; 0.24]
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Figure 4. Funnel plot showing the distribution of studies on the prevalence of feline

leishmaniasis in Brazil.
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ABSTRACT

Visceral leishmaniasis (VL) is a zoonosis of great impact on Public Health and, in endemic
regions, infection in felines has been reported. The aim of this research was to investigate the
epidemiological, hematological and biochemical profile of feline leishmaniasis (FL) in the
municipality of M&e d'Agua and to evaluate diagnostic tests for FL. Between 2021 and 2022,
91 blood samples were collected from cats in the municipality. The prevalence of FL was
determined using DPP®, ELISA/S7®, VETLISA Feline Leishmaniasis 1gG (Bioclin) and
gPCR. Risk factors were determined from data obtained from the epidemiological
questionnaire. Spatial analysis was performed in the QGIS program. The prevalence of FL was
10.9%, no risk factors were identified and the cases were concentrated in an urban sprawl area
of the city. The infected animals had lower numbers of red blood cells, hemoglobin
concentration, hematocrit, aloumin and urea and a higher number of monocytes than the
negative animals. There was poor agreement between serological tests and gPCR. The data
obtained demonstrate the distribution of FL throughout the municipality, however presenting
areas with higher concentrations, suggesting the implementation of control measures that
prioritize them. Continuous efforts should be made to standardize diagnostic techniques for FL.
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RESUMO

A leishmaniose visceral (LV) é uma zoonose de grande impacto na Salde Publica e, em regides
endémicas, a infeccdo em felinos tem sido relatada. O objetivo desta pesquisa foi investigar o
perfil epidemioldgico, hematol6gico e bioquimico da leishmaniose felina (LF) no municipio de
Mie d’Agua e avaliar testes de diagnostico para LF. Entre 2021 e 2022, foram coletadas 91
amostras de sangue em gatos do municipio. A prevaléncia de LF foi determinada através de
DPP® ELISA/S7®, VETLISA Leishmaniose Felina 1gG (Bioclin) e gPCR. Fatores de risco
foram determinados através dos dados obtidos no questionério epidemioldgico. Analise
espacial foi realizada no programa QGIS. A prevaléncia de LF foi de 10,9%, nenhum fator de
risco foi identificado e 0s casos se concentraram em uma area de expansao urbana da cidade.
Os animais infectados apresentaram numero de hemacias, concentracdo de hemoglobina,
hematocrito, albumina e ureia inferiores e nUmero de mondcitos superior aos animais negativos.
Houve concordancia pobre entre testes soroldgicos e gPCR. Os dados obtidos demonstram a
distribuicdo da LF em todo municipio, porém apresentando &reas com maiores concentracdes,
sendo sugerida a realizacao de medidas de controle que as priorizem. Esforcos continuos devem
ser empregados para padronizacao de técnicas de diagnostico para LF.

Palavras-chave: Doenca negligenciada, felideos, georreferenciamento, patologia animal,
Satide Unica.

INTRODUCTION

Visceral leishmaniasis is a zoonosis of great importance for public health and has a wide
geographic distribution (Baneth et al., 2008; WHO, 2010; Brazil, 2014). In felines, the
prevalence rates of infection by L. infantum, in serological or molecular studies, range from
zero to 68.5% (Pennisi et al., 2015), with a previous report of infection by L. infantum in
domestic cats in the municipality of Sousa, in the state of Paraiba, northeast region of Brazil
(Silva et al., 2020).

Most of the diagnostic techniques available for dogs are also used in felines, such as
parasitological, serological and molecular ones (Maia et al., 2008; Pennisi et al., 2015; Chatzis
et al., 2014ab), however, divergences in the standardization of serological techniques point to
difficulties in the application of these methods, highlighting the need for validation and

standardization of new diagnostic techniques for felines (Metzdorf, 2015).

The ability of domestic cats to act as a source of infection for vectors transmitting L.
infantum has already been reported (Silva et al., 2010) and the lack of early diagnosis of FL in
endemic areas represents a potential risk of transmission of the disease to others mammals,
including man (Alves-Martin et al., 2017; Akhtardanesh et al., 2018; Batista et al., 2020).
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Therefore, the aim of this research was to investigate the epidemiological, hematological
and biochemical profile of FL in the municipality of M&e d'Agua, an endemic area for VL, as

well as to evaluate diagnostic tests for FL.

MATERIAL AND METHODS

The methodological protocols adopted in this research were approved by the Ethics
Committee on the Use of Animals (CEUA) of the Universidade Federal de Campina Grande
(UFCG), under protocol number 07/2021 and signature by the tutors of the Free and Informed
Consent Term (TCLE).

The study was carried out in the urban area of the municipality of Mae d'Agua (latitude:
7°15'25" South, longitude: 37°25' 40" West), located in the intermediate and immediate
geographic region of Patos (Fig. 1). The sample size was calculated considering the number of
cats (113) counted in the urban area of Mée d'Agua and made available by the Municipal Health
Department, a confidence level of 95% and a sampling error of 5% (Thursfield, 2007), which
resulted in a sample population of at least 88 cats.

At the time of collection of biological material, the clinical alterations observed in the
animals were recorded and the tutors answered an epidemiological questionnaire in order to
verify socio-environmental factors that could act as possible risk factors for the disease under
study (Table 1).

To obtain blood, cephalic venipuncture was performed with the aid of a 5mL syringe
and 25x8mm needles, sterile and for individual use. The collected blood was, immediately,
transferred to tubes with the anticoagulant ethylenediaminetetraacetic acid potassium (EDTA-
K - Vacutte do Brasil Ltda) and tubes containing clot separator gel, stored under refrigeration
and sent to the Laboratory of Molecular Biology of the Semiarid Region (UFCG - Patos/ BP).

For serum separation, blood collected without anticoagulant was centrifuged at 2000
rotations per minute (rpm) for 5 minutes, stored in 1.5mL microtubes, identified and stored at -
20°C until serological and biochemical assays were performed. The blood collected with
EDTA-K3 was stored in 1.5mL microtubes, identified and sent to the Clinical Pathology
Laboratory (UFCG - Patos/PB) for a hemogram and, later, stored at -20°C until the molecular
assays were carried out.

Hemogram and biochemistry analyzes were performed at the Clinical Pathology
Laboratory (UFCG — Patos/PB). For the hemogram, an automated and hematoscopic evaluation

was performed. In the first analysis, an electrical impedance hematology counter (pocH-100 iV
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Diff, Sysmex) was used to obtain the total red blood cell and leukocyte count, hemoglobin
concentration, hematocrit, mean corpuscular volume and mean corpuscular hemoglobin
concentration. For the blood smears, a kit of dyes was used for rapid differential staining in
hematology (Instant Prov from New Prov, Produtos para Laboratério Ltda., Pinhais — PR),
proceeding to the differential count of leukocytes and evaluation of morphotintorial
characteristics of erythrocytes, leukocytes and platelets, which are quantified and qualified in
terms of shape, size and presence of parasites. Biochemical analyzes (urea, creatinine, alanine
aminotransferase, aspartate  aminotransferase, = gammaglutamyltransferase, alkaline
phosphatase, albumin and total protein) were performed using a colorimetric kinetic process in
an automatic analyzer (Cobas C 111, Roche) using commercial kits. The reference values for
species were those described by Kaneko et al. (2008) and Jain (1986).

Serological and molecular tests were performed at the Laboratory of Molecular Biology
of the Semiarid Region (UFCG — Patos/PB). The serum of the sampled animals was used to
perform the DPP® (Dual Path Platform - Chembio Diagnostic Systems, INC.), ELISA/S7T®
(Biogene Industria e Comércio Ltda.) and VETLISA Feline Leishmaniasis 1gG assays (Bioclin
- Quibasa - Quimica Basica Ltda.) according to the manufacturer's instructions. The quantitative
PCR (gPCR) was performed as described by Silva et al. (2016), from the extraction of DNA
from 100 pL of blood, using the DNeasy blood and tissue kit (Qiagen®, Hilden, Germany),
following the manufacturer's recommendations, and using the Linf kDNA-F primers 5'
GGCGTTCTGCAAAATCGGAAA -3, Linf kDNA-R 5'
CCGATTTTTGGCATTTTTGGTCGAT-3' and Linf kKDNA_FAM-5'-
TTTTGAACGGGATTTCTG-3' to amplify the L. infantum Kkinetoplast minicircle gene
(kDNA). A culture of L. infantum was used as a positive control and ultrapure water as a

negative control.

The prevalence of VL was determined from the samples that reacted in the two
serological tests commercialized for canine VL, in the VETLISA Feline Leishmaniasis 1gG
and/or in the gPCR and evaluated through descriptive statistics.

For the statistical analysis of hematological and biochemical alterations in animals with
FL, two groups were formed: animals positive for L. infantum (GPH [positive hematology
group], n = 6, and GPB [positive biochemistry group], n = 5) and animals negative for L.
infantum in all the techniques used (GNH [negative hematology group], n = 6, and GNB
[negative biochemistry group], n = 6), identified in the serological and molecular tests.

Statistical analysis was performed using the BioEstat 5.3 program at a 5% significance level
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(p<0.05). The data obtained were initially submitted to the Shapiro-Wilk normality test.
Parametric data are presented as mean + standard deviation and non-parametric data as median
* interquartile deviation. Comparison between groups and data analysis were performed using
Student's t test (parametric distribution) or U-Mann-Withney test (nonparametric distribution).

The analysis of possible risk factors associated with the positivity of the animals was
carried out in two stages (univariate analysis and multivariate analysis) through the data
collected with the questionnaires. Independent variables (possible risk factors) were categorized
and coded (Latorre, 2004). The variables that presented a value of p< 0.20 by the chi-square
test or Fisher's exact test (Zar, 1999) were selected and used in the multivariate analysis, using
multiple logistic regression (Hosmer & Lemeshow, 2000). The significance level adopted in
the multiple analysis was 5%. The analyzes were performed using the SPSS 20.0 for Windows
program.

The agreement of the results obtained in the techniques used was evaluated through the
Kappa (k) indicator, sensitivity and specificity, with a confidence interval of 95%, through the
Dag Stat program (Mackinnon, 2000). Agreement in serological diagnoses was determined
according to Thursfield's classification (2007), according to the values of the Kappa index (k),
considering the levels of comparison: 0.81 to 0.99: almost perfect agreement; 0.61 to 0.8:
substantial agreement; 0.41 to 0.6: moderate agreement; 0.21 to 0.4: reasonable agreement; 0.1
to 0.2: weak agreement; <0: poor agreement. The gold standard was the true status of the animal
(ill or not sick) which, in this case, was confirmed by the positivity in g°PCR from the blood
samples.

For the analysis and spatial representation of the cases of FL in Mae d'Agua, the
geographic coordinates were marked, obtaining the location of each participating property
through the GPS receiver (Global Position System - Garmin eTrex 30), at the time of collection
of biological material. The georeferenced data were entered into the digitized cartographic
database of the municipality. The maps and the spatial visualization of FL cases were performed
by QGIS (Quantum Geographic Information System), a free and an open-source software.

The analyzes of the spatial distribution of the FL were carried out through a descriptive
analysis of the epidemiological situation of the disease in the municipality. A heatmap was
made through the quartic function of the Kernel density estimation to observe clusters (hot

areas) of cases of the disease, using QGIS software.
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RESULTS AND DISCUSSION

For the serological tests, 91 samples were evaluated and for the gPCR, 89 samples were
used. The DPP® rapid test resulted in 8 reactive samples (8.8%), the ELISA/S7® test in 4
(4.4%) positive samples, the VETELISA in 1 reactive sample (1.09%) and the gPCR in 8
(9.0%) positive samples. Considering the results, the prevalence of FL in Mée d'Agua was
10.9% (Table 1).

The observed prevalence is close to those found in Aragatuba-S&o Paulo (14.5%) (Costa
et al., 2010), based on parasitological tests and ELISA, and in Mossoré — Rio Grande do Norte
(15.38%) (Bezerra et al., 2019), using IFA; but differing from that observed in Pernambuco
(3.9%) (Silva et al., 2014), through ELISA/S7®, and in So Luis — Maranhéo (30.48%) (Rocha
et al., 2019), using IFA.

In addition to the diagnostic techniques used, several factors influence the variation in
prevalence observed in different studies, such as the region studied and, also, climatic factors,
since the population of sandflies shows seasonal variation, and its dynamics are affected by
rainfall and humidity (Cockroach et al., 2004). The scarcity of standardized/commercialized
techniques for felines and the fact that cats have a certain natural resistance to leishmaniasis,
leading to a lower production of antibodies, may also be associated with the difference in
prevalence in endemic areas, due to failure to detect antibodies (Maia et al. al., 2010; Solano-
Gallego et al., 2007; Piraja et al., 2013).

The discrepancies between the results of the serological tests observed in the present
study can also be justified by the fact that ELISA assays using protein A conjugated to
peroxidase detect more antibodies than those using anti-dog IgG conjugated to peroxidase,
being able to detect animals in the acute phase of infection by the reaction with IgM antibodies
(Lima et al., 2005).

Comparing the diagnostic techniques, poor agreement (p<0.01, kappa=0) was observed
between gPCR and serological methods, due to low (ELISA/S7®) or absence (DPP® and
VETLISA Feline Leishmaniasis 1gG) of simultaneous reaction between tests. Sensitivity and
specificity were, respectively, 0% and 90% for DPP®; 25% and 97% for ELISA/S7®; and 0%
and 99%, for VETLISA Feline Leishmaniasis 1gG.

These results are similar to those observed by Chatzis et al. (2014a), who identified a
discrepancy between the results of serological tests (RIFI and ELISA) and PCR, with diagnostic

sensitivity considered very low in all serological tests, but with a specificity of 100%.
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Akhtardanesh et al. (2017), considering PCR as the gold standard, found sensitivity and
specificity of the ELISA method of 44.4% and 100%, respectively, and a slight agreement
(Kappa= 0.368) between the diagnostic methods; the authors also suggested the use of ELISA
to discard the disease in cases of suspected felines.

In cats experimentally infected with L. infantum promastigotes, antibody titers were not
significantly elevated during 16 weeks of evaluation, making it impossible to diagnose animals
by ELISA (Akhtardanesh et al., 2018). Thus, gPCR positive cats could be in earlier stages of
infection where there was not enough antibody production to be detected in the serological tests
used, or even positive animals were not able to generate a cellular response intense enough to
prevent the replication and maintenance of the parasite (Alves et al., 2022).

Our results suggest the need to combine diagnostic methods for the safe identification
of positive animals, as already recommended in different studies (Oliveira et al., 2015; Alves-
Martin et al., 2017; Costa-Val et al., 2020; Santos et al., 2021).

The characteristics of the population studied can be seen in Table 2. All positive animals
had access to the street, most had short hair length (7/10), with 60% (6/10) males and 40%
(4/10) of females.

As reported by Berenguer et al. (2021), even though the animals were considered
domiciled, they had free access to outdoor areas, which increases the risk of infection due to
the possibility of contact with other animals and with sand fly vectors, and in animals with
short-haired dogs, the blood meal by the sand fly is facilitated. Regarding the highest percentage
of positive males, Sobrinho et al. (2012) observed a higher risk of infection in males, however,
other authors do not consider sex a predisposing factor for FL (Spada et al., 2013; Akhtardanesh
etal., 2017).

The analysis of risk factors did not point to any variable associated with FL. Bezerra et
al. (2019) also did not observe a statistical association between seropositivity for Leishmania
spp. and sex, age and presence of suggestive clinical signs. Despite this, Oliveira et al. (2015)
demonstrated that younger animals were slightly more likely to test positive than older animals,
Sobrinho et al. (2012) demonstrated a higher risk of infection in males and Rocha et al. (2019)
identified risk factors such as free access to the streets, cohabitation with dogs previously
affected by VL and lack of yard cleaning and garbage collection.

In the hematological evaluation (Table 3), statistically significant differences were

observed between the control (n=6) and sick (n=6) groups in the variables: red blood cells,
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hemoglobin, hematocrit and monocytes; even though the observed values were within the
reference range for the species (Jain, 1986).

In cats infected with L. infantum, there may be a reduction in the number of circulating
red blood cells, as a consequence of the decrease in erythrocyte precursors in the bone marrow
and due to immune-mediated hemolysis secondary to leishmaniasis (Marcos et al., 2009). There
are even frequent reports on the occurrence of anemia in cases of FL (Noé et al., 2015; De
Mendonca et al., 2017; Sousa et al., 2019).

As Leishmania spp lacks the ability to synthesize heme and does not contain cytosolic
iron storage proteins, to develop inside macrophages, it needs nutritional iron and heme from
the host (Laranjeira-Silva et al., 2020). Even in mice infected with L. donovani, increased
hemophagocytosis was demonstrated, especially in heavily infected macrophages (Morimoto
et al., 2016). Leishmania spp. it can also acquire hemoglobin via endocytosis, through the
hemoglobin receptor located in its flagellar pouch (Sengupta et al., 1999). Thus, the association
of these factors not only interferes with the number of red blood cells, but also with the
concentration of hemoglobin in infected animals.

The observation of monocytosis in cats with FL has been demonstrated previously
(Sousa et al., 2019). In dogs, macrophage activation is an important mechanism involved in the
protective immune response against Leishmania spp. (Holzmuller et al., 2005; Zafra et al.,
2008).

According to Menezes et al. (2016), the promastigote forms are phagocytosed by
macrophages recruited to the sand fly bite site (Menezes et al., 2016). In this case, the efficient
Th1 immune response in cats (Day, 2016), may favor the action of macrophages at the site of
infection (Holzmuller et al., 2005) and increase the rate of monocyte release from the bone
marrow to the bloodstream, due to the release of macrophage colony stimulating factor (M-
CSF) (Chitu & Stanley, 2006).

Leishmania spp. was not identified in any of the smears evaluated and, in fact, the
observation of amastigote forms in the feline peripheral blood is a rare finding (Antunes et al.,
2018).

In the biochemical evaluation (Table 4), statistically significant differences were
observed between the groups in the variables: albumin and urea.

Albumin is considered an acute phase protein that has its levels decreased during
infectious and/or inflammatory processes (Ceron et al., 2005; Kann et al., 2012). In relation to

urea, feeding management with the provision of feed and home-cooked food in most of the
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positive animals may justify the findings observed in our study, since diets rich in protein tend
to increase serum urea values (Backlund et al., 2011; Ephraim & Jewell, 2021).

In the spatial evaluation, the presence of positive cats was observed in different areas of
the municipality of Méae d’Agua, but a cluster was located in the northwest region (Figure 2),
in an area of recent urban expansion. In the urban area of the same municipality, in a study on
canine VL, clusters of cases of the disease were also identified (Braz et al., 2021) that covered
the area identified in the present study and, according to Rocha et al. (2019), cohabitation with
dogs previously affected by VL is a risk factor for FL.

The environmental dynamics of the vectors are affected by the deforestation of native
vegetation, which facilitates the colonization of the periurban environment and increases the
risk of VL transmission (Ximenes et al., 2007; Almeida et al., 2012; Marcondes & Rossi, 2013).
In addition, the disorderly occupation of the territory associated with poor sanitation conditions
also justifies the increase in the occurrence of the disease in urban areas (Cesse et al., 2001;
Teles et al., 2015; Who, 2010).

CONCLUSION

The present research demonstrates the presence of FL in areas of urban expansion in the
municipality of M&e d'Agua and, although the prevalence is not considered high, as cats mount
a less significant humoral response than dogs, the importance of this species in the life cycle
transmission of VL in the region should not be discarded. An area with the highest concentration
of cases was identified and should be prioritized for the control of the disease in the
municipality, intensifying vector control measures. It is also suggested the development of
awareness campaigns in the municipality to alert tutors about ways to prevent the disease and

manage positive animals. It is also alerted to the need to standardize FL diagnostic techniques.

ACKNOWLEDGEMENT

To the Coordination for the Improvement of Higher Education Personnel (CAPES) for
the scholarship granted and to Bioclin for providing the VETLISA Leishmaniose Felina IgG
kits.



55

BIBLIOGRAPHIC REFERENCES

Akhtardanesh B, Sharifi I, Mohammadi A, Mostafavi M, Hakimmipour M, Pourafshar NG.
Feline visceral leishmaniasis in Kerman, southeast of Iran: Serological and molecular study. J
Vector Borne Dis 2017; 54: 96-102.

Akhtardanesh B, Kheirandish R, Sharifi I, Mohammadi A, Mostafavi A, Mahmoodi T, et al.
Low susceptibility of domestic cats to experimental Leishmania infantum infection. J Vector
Borne Dis 2018; 55:230-234. http://dx.doi.org/10.4103/0972-9062.249481

Almeida ABPF, Sousa VRF, Cruz FACS, Dahroug MAA, Figueiredo FB, Madeira MF. Canine
visceral leishmaniasis: seroprevalence and risk factors in Cuiaba, Mato Grosso, Brazil. Revta.
Bra. Parasitol 2012; Vet. 21(4):359-365.

Alves ML, Silva DT, Spada JCP, Leonel JAF, Benassi JC, Pereira NWB, et al. Use of the
intradermal leishmanin test (Montenegro skin test) for feline visceral leishmaniosis: Detection
of cellular immunity. Exp Parasitol 2022; 239. https://doi.org/10.1016/j.exppara.2022.108294

Alves-Martin MF, Paixdo MS, Da Silva DT, Tendrio MS, Alves ML, Starke-Buzetti WA, et al.
Detection of Leishmania spp. using parasitological, serological and molecular assays in
asymptomatic and sick cats from an endemic area of visceral leishmaniosis in Brazil. Asian Pac
J Trop Med 2017; 7(11): 659-664. http://dx.doi.org/10.12980/apjtd.7.2017d7-100

Antunes TR, Peixoto RAV, Oliveira BB, Sorgatto S, Ramos CAN, Souza Al. Deteccao de
Leishmania infantum em esfregaco de sangue periférico e linfonodo de um felino doméstico.
Acta Sci Vet 2018; 44(1): 162

Backlund B, Zoran DL, Nabity MB, Norby B, Bauer JE. Effects of dietary protein content on
renal parameters in normal cats. J Feline Med Surg 2011; 13:698-704.
d0i:10.1016/j.jfms.2011.05.019

Baneth G, Koutinas AF, Solano-Gallego L, Bourdeau P, Ferrer L. Canine leishmaniosis — new
concepts and insights on an expanding zoonosis: part one. Trends Parasitol 2008; 24(7):324-
330.

Barata RA, Silva JCF, Costa RT, Fortes-Dias CL, Silva JC, Paula EV, Prata A, Monteiro EM,
Dias ES. Phlebotomine Sand Flies in Porteirinha, an Area of American Visceral Leishmaniasis
Transmission in the State of Minas Gerais, Brazil. Mem. Inst. Oswaldo Cruz 2004; 99(5):481-
487.

Brasil. 2014. Ministério da Saude. Manual de vigilancia e controle da leishmaniose visceral.
1th ed. Brasilia (DF). 120 p.

Braz BMA, Leite DPS, Silva RBS, Da Silva MLCR, Azevedo ACFS, Filho EM, et al. Factors
associated with Leishmania infection in dogs and geospatial analysis in the Sertdo of Paraiba,
Northeast Brazil. Rev Bras Parasitol Vet 2021, 30(2). https://doi.org/10.1590/51984-
29612021047



56

Batista JF, Neto FC, Lopes KS, Sato MO, Costa CHN, Mendonga IL. Transmission of
Leishmania infantum from cats to dogs. Rev Bras Parasitol Vet 2020; 29(4).
https://doi.org/10.1590/S1984-29612020099

Berenguer LKAR, Gomes CFCA, Nascimento JO, et al. Leishmania infantum Infection in a
Domestic Cat: a real threat or an occasional finding? Acta Parasitol. 2021; v. 66, n. 2, p. 673-
676. http://dx.doi.org/10.1007/s11686-020-00294-z

Bezerra JAB, Oliveira IVPM, Yamakawa AC, Nilsson MG, Tomaz KLR, De Oliveira KDS, et
al. Serological and molecular investigation of Leishmania spp. infection in cats from an area
endemic for canine and human leishmaniasis in Northeast Brazil. Rev Bras Parasitol Vet 2019;
28(4): 790-796. http://dx.doi.org/10.1590/s1984-29612019082

Cerén JJ, Eckersall PD, Martinez-Subiela S. Acute phase proteins in dogs and cats: current
knowledge and future perspectives. Vet Clin Pathol 2005; 34:2.

Cesse EAP, Carvalho EF, Andrade PP, Ramalho WM, Luna L. Organizacdo do espa¢o urbano
e expansdo do calazar. Revta. bras. satde matern. Infant 2001; 1(2):167-176.

Chatzis MK, Leontides L, Athanasiou LV, Papadopoulos E, Kasabalis D, Mylonakis M, Rallis
T, Koutinas AF, Andreadou M, Ikonomopoulos J, Saridomichelakis MN. Evaluation of indirect
immunofluorescence antibody test and enzyme-linked immunosorbent assay for the diagnosis
of infection by Leishmania infantum in clinically normal and sick cats. Exp Parasitol 2014a;
v.147, p.54-59.

Chatzis MK, Andreadou M, Leontides L, Kasabalis D, Mylonakis M, Koutinas AF, Rallis T,
Ikonomopoulos J, Saridomichelakis M. Cytological and molecular detection of Leishmania
infantum in different tissues of clinically normal and sick cats. Vet Parasitol 2014.b; v.202,
p.217-225.

Chitu V, Stanley R. Colony-stimulating factor-1 in immunity and inflammation. Curr Opin
Immunol 2006; 18:39-48. https://doi.org/10.1016/j.c0i.2005.11.006

Costa-Val AP, Coura FM, Barbieri JM, Diniz L, Sampaio A, Dos Reis JKP, et al. Serological
study of feline leishmaniasis and molecular detection of Leishmania infantum and Leishmania
braziliensis in cats (Felis catus). Rev Bras Parasitol Vet  2020; 29(2).
http://dx.doi.org/10.1590/s1984-29612020023

Costa TAC, Rossi CN, Laurenti MD, Gomes AAD, Vides JP, Sobrinho LSV, Marcondes M.
Ocorréncia de leishmaniose em gatos de area endémica para leishmaniose visceral. Braz J Vet
Res Anim Sci 2010; 47:213-217.

Day MJ. Cats are not small dogs: is there an immunological explanation for why cats are less
affected by arthropod-borne disease than dogs? Parasites Vector 2016; 9:507.
https://doi.org/10.1186/s13071-016-1798-5



57

De Mendonca IL, Batista JF, Ribeiro IMM, Rocha FSB, Silva SO, Melo MN. Leishmania
infantum in domestic cats from the municipality of Teresina, state of Piaui, Brazil. Parasitology
Open 2017, 3:1-8.

Ephraim E, Jewell DE. High protein consumption with controlled phosphorus level increases
plasma concentrations of uremic toxins in cats with early chronic kidney disease. Int J Food
Sci Nutr 2021; 3. doi: 10.24966/FSN-1076/100096

Hosmer DW, Lemesho WS. Applied Logistic Regression. John Wiley and Sons, New York. 2
ed., 375p, 2000.

Holzmuller P, Cavaleyra M, Moreaux R, Kovacic R, Vincendeau P, Papierok G, Lemesre JL.
Lymphocytes of dogs immunised with purified excreted-secreted antigens of Leishmania
infantum co-incubated with Leishmania infected macrophages produce IFN gamma resulting
in nitric oxide-mediated amastigote apoptosis. Vet Immunol Immunopathol 2005; 106, 247-257.

Jain NC. The cat: normal hematology with comments on response to disease. In: Jain N.C.
Schalm’s Veterinary Hematology, 4th ed. Philadelphia: Lea & Febiger. p.126-139, 1986.

Kaneko JJ, Harvey JW, Bruss ML. Clinical Biochemistry of Domestic Animals. 6ed. New
York: Academic, 2008. 896p.

Kann RKC, Seddon JM, Henning J, Meers J. Acute phase proteins in healthy and sick cats. Res
Vet Sci 2012; 93:649-654. doi:10.1016/j.rvsc.2011.11.007

Laranjeira-Silva MF, Hamza |, Pérez-Victoria JM. Iron and Heme Metabolism at the
Leishmania—Host Interface. Trends Parasitol 2020; 36(3):279-289.
https://doi.org/10.1016/j.pt.2019.12.010

Latorre MRDO. Medidas de risco e regressado logistica, 337-350. In: Massad E, Menezes RX,
Silveira PSP, Ortega NRS. (Eds), Métodos Quantitativos em Medicina. Manole, Barueri, 2004.

Lima VMF, Biazzono L, Silva AC, Correa APFL, Luvizotto MCR. Serological diagnosis of
visceral leishmaniasis by an enzyme Serological diagnosis of visceral leishmaniasis by an
enzyme immunoassay using protein A in naturally infected dogs. Pesq Vet Bras 2005;
25(4):215-218. https://doi.org/10.1590/S0100-736X2005000400005

Mackinnon, A. A spreadsheet for the calculation of comprehensive statistics for the assessment
of diagnostic tests and inter-rater agreement. Comput Biol Med 2000; 30(3), 127-134.

Maia C, Nunes M, Campino L. Importance of cats in zoonotic leishmaniasis in Portugal. Vector-
Borne and Zoonotic Diseases 2008; v.8, p. 555-559.

Maia C, Gomes J, Cristovdo J, Nunes M, Martins A, Rebélo E, et al. Feline Leishmania
infection in a canine leishmaniasis endemic region Portugal. Vet Parasitol 2010; 174: 336-340.
https://doi.org/10.1016/j.vetpar.2010.08.030



58

Marcondes M, Rossi CN. Leishmaniose visceral no Brasil. Braz J Vet Res Anim Sci 2013;
50(5):341-352.

Marcos R, Santos M, Malhao F, Pereira R, Fernandes AC, Montenegro L, et al. Pancytopenia
in a cat with visceral leishmaniasis. Vet Clin Pathol 2009; 38: 201-205.
https://doi.org/10.1111/j.1939-165x.2009.00111.x

Menezes JP, Saraiva EM, Rocha-Azevedo B. The site of the bite: Leishmania interaction with
macrophages, neutrophils and the extracellular matrix in the dermis. Parasites Vector 2016;
9:264. https://doi.org/10.1186/s13071-016-1540-3

Morimoto A, Omachi S, Osada Y, Chambers JK, Uchida K, Sanjoba C, et al.
Hemophagocytosis in Experimental Visceral Leishmaniasis by Leishmania donovani. PLos
Negl Trop Dis 2016; 10(3). https://doi.org/10.1371/journal.pntd.0004505

Noé P, Domingos SL, Oshiro E, Lima RB, Pirmez C, Pedroso T, Babo-Terra V. Detection of
Leishmania chagasi in cats (Felis catus) from visceral leishmaniasis endemic area in brazil.
Ciéncia Animal 2015; 25(4):03-14.

Oliveira GC, Paiz LM, Menozzi BD, Lima MS, De Moraes CCG, Langoni H. Antibodies to
Leishmania spp. in domestic felines. Rev Bras Parasitol Vet 2015; 24(4): 464-470.
http://dx.doi.org/10.1590/s1984-29612015071

Pennisi MG, Cardoso L, Baneth G, Bourdeau P, Koutinas A, Mird G, et al. LeishVet update
and recommendations on feline leishmaniosis. Parasites Vectors 2015; 8: 1-18.
https://doi.org/10.1186/s13071-015-0909-z

Piraja GV, Da Silva DT, Peruca LCB, Alves MF, Paixdo MS, Lucheis SB. Leishmaniose felina:
revisao de literatura. Vet Zootec 2013; 14:216. http://hdl.handle.net/11449/140937

Rocha AVVO, Moreno BFS, Cabral AD, Louzeiro NM, Miranda LM, Dos Santos VMB, et al.
Diagnosis and epidemiology of Leishmania infantum in domestic cats in an endemic area of the
Amazon region, Brazil. Vet Parasitol 2019; 273: 80-85.
http://dx.doi.org/10.1016/j.vetpar.2019.08.007

Santos NS, Pinho FA, Hlavac NRC, Nunes TL, Almeida NR, Solca MS, et al. Feline
Leishmaniasis Caused by Leishmania infantum: Parasite Sequencing, Seropositivity, and
Clinical Characterization in an Endemic Area From Brazil. Front Vet Sci 2021; 8:734916.
https://doi.org/10.3389/fvets.2021.734916

Sengupta S, Tripathi J, Tandon R, Raje M, Roy RP, Basu SK, et al. Hemoglobin Endocytosis
in Leishmania Is Mediated through a 46-kDa Protein Located in the Flagellar Pocket. J Biol
Chem 1999; 274(5):2758-2765. https://doi.org/10.1074/jbc.274.5.2758

Silva RBS, Portela RA, Arruda LF, Ferreira JS, Souto EP, Aradjo AL, Madeira MF, Dantas
AF, Melo MA. Natural Infection by Leishmania infantum in domestic cats (Felis catus) in a



59

municipality of moderate transmission in the Brazilian semi-arid region. Rev Bras Parasitol Vet
2020; 29(4).

Silva JC, Zacarias DA, Silva VC, Roldo N, Costa DL, Costa CHN. Comparison of optical
microscopy and quantitative polymerase chain reaction for estimating parasitaemia in patients
with kala-azar and modelling infectiousness to the vector Lutzomyia longipalpis. Mem Inst
Oswaldo Cruz 2016; 111(8): 517-522. http://dx.doi.org/10.1590/0074-02760160185.
PMid:27439033.

Silva RCN, Ramos RAN, Pimentel DS, Oliveira GMA, De Carvalho GA, Santana MA, et al.
Detection Of Antibodies Against Leishmania Infantum In Cats (Felis Catus) From The State Of
Pernambuco, Brazil. Rev Soc Bras Med Trop 2014; 47(1):  108-109.
http://dx.doi.org/10.1590/0037-8682-0005-2012

Silva SM, Rabelo PFB, Gontijo NF, Ribeiro RR, Ribeiro VM, Michalick MSM. First report of
infection of Lutzomyia longipalpis by Leishmania (Leishmania) infantum from a naturally
infected cat of Brazil. Vet Parasitol 2010; 174: 150-154.
https://doi.org/10.1016/j.vetpar.2010.08.005

Soares CSA, Duarte SC, Sousa SR. What do we know about feline leishmaniosis? J Feline Med
Surg 2015; 18(6). https://doi.org/10.1177/1098612x15589358

Sobrinho LSV, Rossi CN, Vides JP, Braga ET, Gomes AAD, De Lima VMF, et al. Coinfection
of Leishmania chagasi with Toxoplasma gondii, Feline Immunodeficiency Virus (FIV) and
Feline Leukemia Virus (FeLV) in cats from an endemic area of zoonotic visceral
leishmaniasis. Vet Parasitol 2012, 187(1-2): 302-306.
http://dx.doi.org/10.1016/j.vetpar.2012.01.010

Solano-Gallego L, Rodriguez-Cortés A, Iniesta L, Quintana J, Pastor J, Espada Y, et al. Cross-
sectional serosurvey of feline leishmaniasis in ecoregions around the Northwestern
Mediterranean. Am J Trop Med Hyg 2007, 76(4):676-80.
https://doi.org/10.4269/ajtmh.2007.76.676

Sousa SAP, Santos HD, Carvalho CA, Machado AM, Oliveira LE, Ribeiro TMP, et al. Acute
visceral leishmaniasis in a domestic cat (Felis silvestris catus) from the state of Tocantins,
Brazil. Semina: Ci Agrarias 2019; 40(4):1723-1730. https://doi.org/10.5433/1679-
0359.2019v40n4p1723

Spada E, Proverbio D, Migliazzo A, Pepa AD, Perego R, De Giorgi GB. Serological and
Molecular Evaluation of Leishmania infantum Infection in Stray Cats in a Nonendemic Area in
Northern Italy. Parasitology 2013; 1-6. https://doi.org/10.5402/2013/916376

Teles APS, Herrera HM, Ayres FM, Brazuna JCM, Abreu UGP. Fatores de risco associados a
ocorréncia da leishmaniose visceral na area urbana do municipio de Campo Grande/MS. Hygeia
2015; 11(21):35-48.

Thursfield M. 2007. Veterinary Epidemiology. Wiley Blackwell, Oxford. 610p.



60

Who. 2010. Control of the leishmaniasis. World Health Organization, Geneva

Ximenes MFFM, Silva VPM, Queiroz PVS, Rego MM, Cortez AM, Batista LMM, Medeiros
AS, Jeronimio SMB. Flebotomineos (Diptera: Psychodidae) e Leishmanioses no Rio Grande
do Norte, Nordeste do Brasil - Reflexos do Ambiente Antrépico. Neotrop Entomol 2007;
36(1):128-137.

Zafra R, Jaber JR, Pérez-Ecija RA, Barragan A, Martinez-Moreno A, Pérez J. High iNOS
expression in macrophages in canine leishmaniasis is associated with low intracellular parasite
burden. Vet Immunol Immunopathol 2008; 123, 353-359.

ZAR, J.H. Biostatistical Analysis. Prentice-Hall, New Jersey. 4 ed., 663p, 1999.

Legends of Tables and Figures

Figure 1. Thematic map of the location of the municipality of Mae d’Agua in Paraiba,
northeastern Brazil, 2022.

Table 1. Prevalence, by diagnostic technique and total, of feline visceral leishmaniasis in the
municipality of Mae d’Agua, Paraiba, northeastern Brazil, in the period 2021-2022.

Table 2. Univariate analysis of possible risk factors associated with feline visceral
leishmaniasis in Mé&e d'Agua, Paraiba, northeastern Brazil, 2021-2022.

Table 3. Statistical analysis of hematological data from cats in the municipality of Mae d’Agua,
Paraiba, northeastern Brazil, infected and not infected by Leishmania infantum, in the period
2021-2022.

Table 4. Serum biochemistry of Leishmania infantum infected and non-infected cats in the
municipality of Mée d'Agua, Paraiba, northeastern Brazil, in the period 2021-2022.

Figure 2. A. Distribution of feline visceral leishmaniasis cases. B. Heat map with

demonstration of clusters of cases in the municipality of Mae d’Agua, Paraiba, northeastern
Brazil, 2022.



61

Figure 1. Thematic map of the location of the municipality of Mie d’Agua in Paraiba,
northeastern Brazil, 2022.
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Tabela 1. Prevalence, by diagnostic methods and total, of feline visceral leishmaniasis in the
municipality of Mae d’Agua, Paraiba, northeastern Brazil, in the period 2021-2022.

Test ID of the Prevalence Total
positive animals per test prevalence
32, 35, 44, 50
® k) k) k) i) 0
DPP 73,77,82¢e92 8.8% .
ELISA/ST7® 15, 32, 40 e 43 4.4% 10.9%
VETLISA 27 1.09%
16, 28, 40, 43, 0
qPCR 53,57, 63 € 76 9.0%

ID: identification
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Tabela 2. Univariate analysis of possible risk factors associated with feline visceral
leishmaniasis in Mae d'Agua, Paraiba, northeastern Brazil, 2021-2022.

Variable Total qumber Eositive o value
of animals animals (%)
Schooling Degree
Unlettered 1 0 (0.0%)
Complete/incomplete elementary school 18 2 (11.1%) 0.939
Completed/incomplete high school 72 8 (11.1%)
University education 0 0 (0.0%)
Family income
Less than 2 minimum wages 89 9 (10.1%)
2 to 4 minimum wages 2 1 (50.0%) 0.209
5 to 6 minimum wages 0 0 (0.0%)
More than 6 minimum wages 0 0 (0.0%)
Sex
Male 52 6 (11.5%) 1.000
Female 39 4 (10.3%)
Age (months)
6—24 29 2 (6.9%)
2572 57 7 (12.3%) 0.604
>72 5 1 (20.0%)
Breed
Defined breed dog 2 0 (0.0%) 1.000
Mongrel dog 89 10 (11.2%)
Fur color
White 8 0 (0.0%)
Black 3 0 (0.0%)
Grey 3 1 (33.3%) 0.561
Caramel 7 1 (14.3%)
More than 1 color 70 8 (11.4%)
Fur length
Short 65 7 (10.8%)
Long 26 3 (11.5%) 1.000
Type of confinement
Resident dogs 9 0 (0.0%)
Semi-resident dogs 74 9 (12.2%) 0.540
Free-roaming dogs 8 1 (12.5%)
Food
Commercial food 25 2 (8.0%)
Homemade food 19 3 (15.8%) 0.711
Both 47 5 (10.6%)
Contact with animals
No 16 2 (12.5%) 1.000
Yes 75 8 (10.7%)
Contact with felines
No 21 2 (9.5%) 1.000
Yes 70 8 (11.4%)

Contact with dogs
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No
Yes
Contact with birds
No
Yes
Place where the dog is created
Without pavement
With pavement
Both
Cleanliness of the place
No
Yes
Cleaning frequency
None
Daily or weekly
Biweekly or monthly
Deworming
No
Yes
Vaccination
No
Yes (anti-rabic)
Presence of ticks
No
Yes
Already had
Always lived with the owner
No
Yes
Always lived in this place
No
Yes
Place where sleep
Inside home
Peridomicile
On the street
Surroundings of the house
No organic or inorganic matter
Stones
Plants
Stones and plants
Stones, plants and animal husbandry
General appearance of the animal
Good
Skinny
Skin injury
Hair failure
Pale mucosa

42
49

79
12

25
66

5 (11.9%)
5 (10.2%)

10 (12.0%)
0 (0.0%)

0 (0.0%)
2 (10.0%)
8 (11.3%)

0 (0.0%)
10 (11.2%)

0 (0.0%)
10 (12.3%)
0 (0.0%)

10 (12.7%)
0 (0.0%)

2 (8.0%)
8 (12.1)

10 (11.4%)
0 (0.0%)
0 (0.0%)

1 (50.0%)
9 (10.1%)

0 (0.0%)
10 (11.5%)

4 (11.1%)
5 (11.4%)
1 (9.1%)

0 (0.0%)
2 (20.0%)
1 (12.5%)
7 (10.0%)
0 (0.0%)

10 (12.5%)
0 (0.0%)
0 (0.0%)
0 (0.0%)
0 (0.0%)

1.000

0.591

1.000

1.000

0.500

0.348

0.721

0.826

0.209

1.000

0.977

0.863

0.819

* Variables used in multiple logistic regression.
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Tabela 3. Statistical analysis of hematological data from cats in the municipality of Mae
d’Agua, Paraiba, northeastern Brazil, infected and not infected by Leishmania infantum, in the
period 2021-2022.

Hematological Evaluation

: Referential

Variables GNH (N=6) GPH (N=6) interval *
RBC (x10°/L) 10.21+1.14°2 8.20+1.83.° 5-10
Hb (g/dL) 14.2042.45¢ 11.90+2.00-° 8-15
Ht (%) 41.65+7.43°2 33.72+4.49.° 24-45
VCM (fL) 41.05+1.48-2 42.27+2.63-2 39-55
CHCM (g/dL) 33.58+1.00-2 33.68+1.30-2 31-35
Total LEUK (X10%uL) 12.91+14.95 15.81+3.53.2 5.50-19.50
Rod Neutrophils (X10%/uL) 0. 0. 0-3.00
Segmented Neutrophils (X10%/uL) 67.90+20.66-2 100,16+37.22-2 25.00-125.00
Lymphocytes (X10%/uL) 49.40+16.29+2 41.66£17.52-% 15.00-70.00
Monocytes (X10%/uL) 0.54+1.23-2 4.56%2.14. 0-8.50
Eosinophils (X10%/uL) 11.9043.22¢2 11.7746.28+2 0-15.00
Basophils (X10%/uL) 042 02 Rare
Platelets(X10%/uL) 480+90.75- 460+223,75°2 300-800

Different letters indicate statistical difference (p<0.05). RBC: Red blood cells; Hb: Hemoglobin; Ht: Hematocrit;
VCM: Mean Corpuscular Volume; CHCM: Mean Corpuscular Hemoglobin Concentration; LEUK: Leukocytes;
* Normally distributed variables expressed as mean and standard deviation. ° Non-normally distributed variables
expressed as median and interquartile deviation. * Jain (1986).
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Tabela 4. Serum biochemistry of Leishmania infantum infected and non-infected cats in the
municipality of Mée d'Agua, Paraiba, northeastern Brazil, in the period 2021-2022.

Biochemical Assessment

Variables GNB (N=6) GPB (N=5) Referential interval *
PT (g/dL)- 7.62+0.912 7.48 £0.342 5.4-7.8
ALB (g/dL)- 3.73+0.382 3.2040.29° 2.1-3.3
ALT (U/L)- 40.97+17.852 24.12+10.45° 6-83
AST (U/L)- 25.57+11.432 21.04 £6.12 @ 26-43
PAL (U/L)- 24.93+6.78? 32.52+11.55% 25-93
GGT (U/L)- 0? 02 1.3-5.1
CRE (mg/dL)° 1.30+0.09a 1.26 +0.39? 0.8-1.8
URE (mg/dL)- 62.73+11.55? 40.66+10.23° 20-30

PT: Total Protein; ALB: Albumin; ALT: Alanine Aminotransferase; AST: Aspartate Aminotransferase; PAL.:
Alkaline Phosphatase; GGT: Gammaglutamyltransferase; CRE: Creatinine; URE: Urea; SD: Standard Deviation;
ID: Interquartile Deviation. Ref: Reference. « Normally distributed variables expressed as Mean and SD. °
Variables with non-normal distribution expressed as Median and ID. * Kaneko et al. (2008).
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Figura 2. A. Distribution of feline visceral leishmaniasis cases. B. Heatmap with clusters of feline visceral leishmaniasis in the municipality of
Mae d’Agua, Paraiba, northeastern Brazil, 2022.

Subtitle |

Heat map
B Very low
7 Low
1 Moderate
] High
mm Very high

Subtitle
Urban area
# Positive animals




CAPITULO lII:
Aspectos clinicos e altera¢des hematoldgicas e bioquimicas em gatos domésticos

soropositivos para Leishmania infantum na regido nordeste do Brasil

Trabalho submetido a Revista Pesquisa Veterinaria Brasileira (ISSN: 1678-5150),
Quialis A4.

68



69

Aspectos clinicos e alteracdes hematoldgicas e bioquimicas em gatos domésticos
soropositivos para Leishmania infantum na regido nordeste do Brasil*
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ABSTRACT. — Franco-Silva L.F., Silva R.B.S., Araudjo Junior D.S., SilvaR.C., Fonseca S.S.,
Vaz A.F.M. & Melo M.A. 2021. Clinical aspects and hematological and biochemical
alterations in domestic cats seropositive for Leishmania infantum in northeastern Brazil.
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Universidade Federal de Campina Grande (UFCG), Av. Universitaria s/n, Patos, PB 58708-
110, Brazil. E-mail: laysafrfranco@gmail.com; marcia.melo@ufcg.edu.br

Visceral leishmaniasis (VL) is a parasitic zoonosis of importance to Public Health and
the dog is considered the main link in the chain of transmission in the domestic cycle of the
disease, however, in endemic regions, infection in felines has been reported. Therefore, the
present study aimed to evaluate the prevalence of feline leishmaniasis (FL) in animals attended
at the Hospital Veterinario Universitario Prof. Dr. lvon Macedo Tabosa from the Universidade
Federal de Campina Grande (HVU/UFCG), as well as to analyze the clinical signs and
hematological and biochemical alterations of seropositive cats. Blood samples from 427
domestic cats attended between March 2018 and December 2019 were used to identify anti-
Leishmania infantum antibodies by serological tests, DPP® (Dual Path Platform) and ELISA/
S7®, to identify L. infantum DNA by qPCR and for hematological and biochemical analyses.
The veterinary clinical records were analyzed to obtain both general data and clinical aspects
of the animals. The prevalence of the disease was 2.1%. Most of the seroreactive animals were
male and one year old. In all seroreactive animals, at least one clinical sign suggestive of FL
was observed. Erythrocytosis and thrombocytopenia affected 28.6% of positive animals. The
leukogram showed, in most cases, leukocytosis due to neutrophilia; eosinophilia, monocytosis
and lymphopenia were also observed. In the evaluation of the biochemical profile, the most
relevant result was the increase in the serum levels of urea. Our results reinforce the presence
of FL in VL endemic areas and point to clinical, hematological and biochemical characteristics
that should be taken into account in the differential diagnosis of the disease in cats.

INDEX TERMS: Animal disease, animal health, felines.
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RESUMO.- [Aspectos clinicos e alteracbes hematoldgicas e bioquimicas em gatos
domesticos soropositivos para Leishmania infantum na regido nordeste do Brasil]

A leishmaniose visceral (LV) é uma zoonose parasitaria de importancia para a Saude Publica e
0 cdo é considerado o principal elo na cadeia de transmissdo no ciclo doméstico da doenca,
porém, em regides endémicas, a infeccdo em felinos tem sido relatada. Diante disso, o presente
estudo teve como objetivo avaliar a prevaléncia da leishmaniose felina (LF) nos animais
atendidos no Hospital Veterinario Universitario Prof. Dr. lvon Macedo Tabosa da Universidade
Federal de Campina Grande (HVU/UFCG), bem como analisar os sinais clinicos e alteragdes
hematolodgicas e bioquimicas dos gatos soropositivos. Amostras de sangue de 427 felinos
domesticos atendidos entre marco de 2018 e dezembro de 2019 foram utilizadas para
identificacéo de anticorpos anti-Leishmania infantum por testes sorolégicos, DPP® (Dual Path
Platform) e ELISA/S7®, para identificacdo de DNA de L. infantum por gPCR e para anélises
hematoldgicas e bioquimicas. As fichas de atendimento clinico veterindrio foram analisadas
para obtencdo dos dados gerais e dos aspectos clinicos dos animais. A prevaléncia da doenca
foi de 2,1%. A maioria dos animais sororreagentes era do sexo masculino e tinha um ano de
idade. Em todos os animais sororreagentes, foi observado pelo menos um sinal clinico sugestivo
da LF. A eritrocitose e trombocitopenia acometeram 28,6% dos animais positivos. O
leucograma apresentou, na maioria dos casos, leucocitose por neutrofilia; eosinofilia,
monocitose e linfopenia também foram observados. Na avaliacdo do perfil bioquimico, o
resultado mais relevante foi 0 aumento nos niveis séricos de ureia. Nossos resultados reforcam
apresenca de LF em areas endémicas para LV e apontam caracteristicas clinicas, hematologicas
e bioquimicas que devem ser levadas em consideracdo no diagndstico diferencial da
enfermidade em gatos.

TERMOS DE INDEXAGCAO: Doenca animal, satde animal, felinos.

INTRODUCTION

Visceral leishmaniasis is a chronic systemic zoonosis caused by Leishmania infantum, which
has a wide geographic distribution and a great impact on Public Health (Baneth et al. 2008,
WHO 2010, Brazil 2014). In the domestic cycle, the dog is considered the main link in the chain
of transmission, with reports of infection in outbreaks of the disease in humans (Melo 2004,
Ursine et al. 2016). However, studies have reported the infection in domestic cats, which has
raised questions about a possible participation of this species in the epidemiological cycle of
the disease in endemic areas (Silva et al. 2010, Maia & Campino 2011, Vides et al. 2011, Batista
et al. 2020).

In felines, prevalence rates of L. infantum infection, in serological or molecular studies,
range from zero than 68.5% (Pennisi et al. 2015). In this species, the clinical signs associated
with the infection may present a systemic and/or dermatological pattern, the latter being more
prevalent (Leiva et al. 2005, Marcos et al. 2009, Vides et al. 2011, Silveira-Neto et al. 2015,
Fernandez-Gallego et al. 2020, Silva et al. 2020).

The close contact of these animals with other mammals represents an additional risk for
the occurrence of the disease (Akhtardanesh et al. 2018, Batista et al. 2020), since domestic cats
can act as a source of infection for vectors transmitting Leishmania. spp. (Maroli et al. 2007,
Silva et al. 2010, Batista et al. 2020, Mendonca et al. 2020). Therefore, the present study aimed
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to evaluate the prevalence of FL in animals attended at the HVU/UFCG, as well as to analyze
the clinical signs and hematological and biochemical alterations of seropositive cats.

MATERIAL AND METHODS
This study was approved by the Ethics Committee on the Use of Animals (CEUA),
Universidade Federal de Campina Grande (UFCG), under protocol number CEUA 325/2015.

Considering that, on average, 1,589 cats were attended per year, from 2015 to 2017, at
the Small Animal Medical Clinic (CMPA) of the HVU/UFCG, Patos campus, Paraiba, the
sample size was estimated using the formula for simple random samples, based on 50%
prevalence, 95% confidence level and 5% margin of error (Thrusfield 2007), determining a
minimum sample population of 310 cats. However, due to the demand for assistance from the
CMPA/HVU/UFCG, 427 cats were analyzed.

Blood samples came from animals attended at the HVU, from March 2018 to December
2019, regardless of the clinical complaint, and sent to the Clinical Pathology Laboratory of the
HVU/UFCG. The blood was aliquoted into microtubes containing the anticoagulant
ethylenediaminetetraacetic acid potassium (EDTA-K3) to perform the blood count and into a
tube containing clot separator gel to obtain serum for serological and biochemical tests (urea,
creatinine, alanine aminotransferase, aspartate aminotransferase, gammaglutamyltransferase,
alkaline phosphatase, albumin and total protein). The reference values for species were those
described by Jain (1986) and Kaneko et al. (2008).

The hemogram was performed by automated and hematoscopic evaluation. In the first
analysis, an electrical impedance hematology counter (pocH-100 iV Diff, Sysmex) was used to
assess the total red blood cell and leukocyte count, hemoglobin concentration (Hb), hematocrit
(Ht), mean corpuscular volume (VCM) and mean corpuscular hemoglobin concentration
(MCHC). As for blood smears, a kit of dyes was used for rapid differential staining in
hematology (Instant Prov from New Prov, Produtos para Laboratério Ltda., Pinhais - PR),
proceeding to the differential count of leukocytes and evaluation of morphotintorial
characteristics of erythrocytes, leukocytes and platelets, which were quantified and qualified as
to the shape, size and presence of parasites. Biochemical analyzes were performed using a
colorimetric kinetic process in an automatic analyzer (Cobas C 111, Roche) using commercial
Kits.

Serological and molecular tests were performed at the Laboratory of Molecular Biology
of the Semiarid Region of the HVU/UFCG.

The investigation of anti-Leishmania infantum antibodies was performed by means of
the ELISA/S7® (Biogene Ind. e Com. Ltda), which consists of a recombinant antigen formed
by the carboxy-terminal region of the HSP70 of L. infantum. The kit is authorized by the
Ministry of Agriculture, Livestock and Supply (MAPA) for the diagnosis of canine VL and has
97% sensitivity and 90% specificity. In addition to this, the DPP® Rapid Test (Dual Path
Platform, Bio-Manguinhos), an immunochromatographic test for the diagnosis of canine VL,
was also performed. Both tests were performed according to the manufacturers'
recommendations.

The quantitative PCR (qPCR) was performed on the animals that reacted in the two
serological tests, following the protocol described by Silva et al. (2016), from the extraction of
DNA from 100uL of blood, using the DNeasy blood and tissue kit (Qiagen®, Hilden,
Germany), following the manufacturer's recommendations, and using the Linf KDNA-F primers
5 GGCGTTCTGCAAAATCGGAAA -3, Linf KDNA-R 5'
CCGATTTTTGGCATTTTTGGTCGAT-3' and Linf KDNA_FAM-5'-
TTTTGAACGGGATTTCTG-3' to amplify the L. infantum kinetoplast minicircle gene
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(kDNA). A culture of L. infantum was used as a positive control and ultrapure water as a
negative control.

The prevalence of FL was determined by descriptive statistics, considering as positive
only the samples that reacted in the two serological tests used and/or in the gPCR. Clinical
records of positive cats were analyzed to collect data such as origin, age, sex and clinical signs
suggestive of FL.

For the statistical analysis of hematological and biochemical alterations in animals with
FL, two groups were formed: animals positive for Leishmania spp. (GP, n = 7) and animals
negative for Leishmania spp., considered healthy by clinical and laboratory parameters of health
(GN, n = 11). Hematological and biochemical variables were analyzed for normality using the
D'Agostino & Pearson test with a significance level of 5%. Comparison of means between the
GP and GN groups was performed by ANOVA analysis of variance (Two-way) followed by
the post hoc Bonferroni test using the GraphPrism® software (GraphPad Software Inc., San
Diego, CA, USA) for Windows, with significance of p<0.05.

RESULTS AND DISCUSSION

Among the 427 cats analyzed, 10.1% (43/427) were reactive in the DPP® test and 10.5%
(45/427) in the ELISA/S7®. As only the samples that reacted in the two serological tests were
considered positive, the prevalence of FL was 2.1% (9/427), close to those found in Teresina-
Piaui (4%), through parasitological tests and ELISA (Mendonca et al. 2017) and in Pernambuco
(0.8%), through parasitological test and PCR (Berenguer et al. 2021), but very different from
what was observed in Aracatuba-Sao Paulo (14.5%), through parasitological test and ELISA
(Costa et al. 2010).

Differences in prevalence occur as a result of the region studied, as well as due to the
diagnostic techniques used. In felines, it is not known whether the difference in prevalence in
endemic areas is associated with the failure to detect antibodies or because they present some
natural resistance to leishmaniasis (Piraja et al. 2013) and the development of weak humoral
immunity in this species (Solano- Gallego et al. 2007, Maia et al. 2010).

In eight of the nine animals considered positive, g°PCR was performed but there was no
amplification of the fragment corresponding to the KDNA. According to Coura et al. (2018),
cats respond to Leishmania infection by producing antibodies, even though there are few or no
parasites in tissue samples. In addition, cats exposed to L. infantum infection develop both a
significant cellular and humoral response against the infection, which may explain the
negativity in the molecular test, although it is possible to detect antibodies against Leishmania
spp. in the serum of animals (Alves et al. 2022).

From the survey of clinical care records, it was possible to obtain information on seven
of the nine positive animals: six lived in Paraiba (in the municipality of Patos) and one of the
cats was from the municipality of Itapetim, state of Pernambuco (Fig.1).

All animals evaluated were mixed breed (SRD), with 57.1% (4/7) males and 42.8% (3/7)
females. The age range of seropositive animals ranged from one to four years, with a
predominance of one year old (42.8%; 3/7). All animals had access to the street and 57.1% (4/7)
had not received any type of vaccine or deworming.

Despite the higher percentage of positive males in this research, and the higher risk of
infection in males having been previously reported (Sobrinho et al. 2012), studies show that sex
does not appear to be a predisposing factor for FL (Spada et al. 2013). Akhtardanesh et al.
2017). Regarding age, Chatzis et al. (2014) also observed many positive animals (44.1%) with
the same age group reported in the present study, suggesting that cats living in endemic regions
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can be infected at a relatively young age. On the other hand, Akhtardanesh et al. (2017)
associated the prevalence of the disease with the fact that the animals were elderly. However,
some authors report that there is no relationship between age and FL (Bresciani et al. 2010,
Silva et al. 2014), showing that the association of the disease with this variable needs further
investigation.

As shown in Table 1, at least one clinical sign suggestive of FL was observed in all
positive cats. Among the clinical manifestations recorded in the records of the animals were:
cachexia/thinness, areas of ulceration/wound, gingivitis and lymphadenomegaly.

In other studies, clinical signs similar to those found in this research were also observed,
such as ulcers (Pennisi et al. 2015, Silva et al. 2020), cachexia/thinness (Savani et al. 2004,
Piraja et al. 2013, Mendonca et al. 2013, Mendonca et al. 2017), lymphadenomegaly (Pennisi
et al. 2015, Fernandez-Gallego et al. 2020, Berenguer et al. 2021) and gingivitis (Leva et al.
2005, Spada et al. 2020).

Due to the fact that cats are resistant to infection by Leishmania spp. (Piraja et al. 2013,
Akhtardanesh et al. 2018), many authors report that asymptomatic animals present in greater
numbers compared to animals with some clinical sign (Chatzis et al. 2010, Soares et al. 2015,
Akhtardanesh et al. 2017). In our study, all animals showed clinical signs suggestive of the
disease, but it should be noted that the population studied consisted of animals attended at a
veterinary hospital, whose tutors had some clinical complaint. On the other hand, despite the
clinical signs being suggestive of FL, the fact that most animals have access to the street, are
not vaccinated or dewormed and because they are non-specific clinical manifestations, the
possibility of concomitant diseases involved in the clinical conditions observed cannot be
discarded, since among the diagnoses suggested for the attended animals were: gingivitis-
stomatitis complex, FIV, FELV, hepatic lipidosis, pancreatitis, platynosomiasis and pyometra.

In hematological and biochemical analysis, no statistically significant differences were
observed when data from positive and healthy animals were compared.

The analysis of the erythrogram of the positive animals showed that 28.6% (2/7) had
erythrocytosis (Table 2). As the elevation of the levels of He, Hb and/or Ht was slight, and
considering that the animals did not present clinical signs corresponding to absolute
erythrocytosis, it is believed that the erythrocytosis observed is relative. One of the possible
explanations for this result is the occurrence of splenic contraction with consequent increase in
circulating erythrocyte mass, a situation commonly observed in excitable animals such as cats
(Thrall et al. 2015). Several studies show results contrary to those observed here, with the
presence of anemia in animals positive for VL, both in dogs (Reis et al. 2006, Braz et al. 2015)
and in cats (Pennisi et al. 2004, Noé et al. 2015, De Mendonca et al. 2017). In cats infected with
L. infantum, anemia may result from a decrease in erythrocyte precursors in the bone marrow
and from immune-mediated hemolysis secondary to leishmaniasis (Marcos et al. 2009).

In the microscopic analysis of the blood smear, the erythrocytes did not present any
alteration in terms of morphology, color and size in most animals, in addition to being negative
in the search for hemoparasites. Among those that showed alterations, the only one observed
was anisocytosis 42.8% (3/7), which is consistent with the results of VCM in some animals
(Table 2). According to Thrall et al. (2015), in the presence of inflammatory diseases, red blood
cells may be moderately microcytic. Furthermore, as the animals had erythrocytosis, probably
due to splenic contraction, the release of old (microcytic) red blood cells (Cordero et al. 2004)
influences the observation of anisocytosis.

From the total leukocyte count, it was possible to verify that 57.1% of the seropositive
cats (4/7) had leukocytosis. This type of assessment, by itself, has limited value, making it
necessary to assess the concentration of each type of cell (Stockham & Scott 2011). Thus, in
the differential analysis of leukocytes, the most frequent alteration was neutrophilia (4/7,;
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57.1%), but lymphopenia (1/7; 14.28%), monocytosis (1/7; 14.28%) and eosinophilia (1/7;
14.28%) was also observed (Table 3).

Neutrophilia is a frequent finding in cats with VL (Silva et al. 2010, Mendonca et al.
2017, Chatzsis et al. 2020) and, in fact, the increase in neutrophil production can be stimulated
by infections and tissue injury (Vaden et al. 2013). In 50% (2/4) of the animals, neutrophilia
showed a shift to the left, a common alteration in dogs with leishmaniasis (Schultze 2010) and
indicates an increased concentration of non-segmented neutrophils (usually rods), suggesting
an increased tissue demand for neutrophils in response to a relatively intense and usually acute
inflammatory stimulus (Stockham & Scott 2011). In 25% (1/4) of the animals, neutrophilia with
a shift to the right was observed, which occurs when there is an increase in the concentration of
hypersegmented neutrophils, usually indicating the presence of aged neutrophils. Causes for
this type of neutrophilia include chronic inflammatory diseases (the pattern of leishmaniasis)
and longer retention time of neutrophils in the circulation as a result of steroid action (Stockham
& Scott 2011, Thrall et al. 2015).

Eosinophilia in cats with FL has also been reported by other authors (Antunes et al.
2018, Mendonca et al. 2017). In our study, 50% of the positive animals were not dewormed and
the cat that presented eosinophilia was among these animals. However, in addition to
parasitism, hypersensitivity reaction or unusual injury, which produces chemotactic agents for
eosinophils, are also involved in the occurrence of this alteration. Although tissue-invading
parasites are often associated with eosinophilia, organisms that infect blood cells are not
expected to cause eosinophils to increase above reference levels (Stockham & Scott 2011,
Thrall et al. 2015).

The occurrence of lymphopenia and monocytosis has been reported in cats (Chatzsis et
al. 2020) and in dogs (Braz et al. 2015, Lacerda et al. 2017) with leishmaniasis. The presence
of lymphopenia is generally attributed to a response to steroids, which can induce apoptosis of
lymphocytes and promote alterations in their recirculation patterns (Thrall et al. 2015). In dogs
with VL, increased expression of the programmed death receptor PD-1 in lymphocytes, with
consequent exhaustion of this cell type, has already been mentioned (Esch et al. 2013).
Monocytosis is associated with acute and chronic inflammation, tissue necrosis and stress
(Stockham & Scott 2011, Vaden et al. 2013).

Thrombocytopenia was observed in 28.6% (2/7) of the animals (Table 2), an alteration
also verified by Chatzsis et al. (2020) in FL positive cats and by Braz et al. (2015) in dogs with
VL.

The pathogenesis of this alteration in association with infections, including
leishmaniasis, is multifactorial, but often includes decreased platelet production (Stockham &
Scott 2011). In fact, in a case report of a cat infected with L. infantum, Marcos et al. (2009)
observed a decrease in megakaryocyte precursors in the bone marrow. Furthermore, in dogs
with VL, it has already been shown that there is an association between the occurrence of
thrombocytopenia and the presence of antibodies against the platelet membrane (Terrazzano et
al. 2006) and that the chronic inflammatory process, associated with liver and kidney damage,
may influence platelet function and the synthesis and metabolism of clotting factors (Ciaramella
et al. 2005).

In 28.6% (2/7) of the seropositive animals, analyzes of serum biochemical markers were
performed, where it was observed that the urea values were above the maximum limit for the
species (Table 4).

The increase in serum urea level was also reported in cats with leishmaniasis by Silva
etal. (2010), Mendonga et al. (2017) and Chatzis et al. (2020). According to Thrall et al. (2015),
failures in the blood supply to the kidneys (caused by dehydration, heart failure and shock), in



75

the kidneys themselves (due to various pathologies) or in eliminating urine (due to obstruction
or rupture of the urinary system) can result in an increase in serum urea.

In cats with leishmaniasis, glomerulonephritis and interstitial nephritis have been
observed (Marcos et al. 2009). According to Rigo et al. (2013), renal involvement is very
common in dogs with VL due to the deposition of immune complexes in this organ. Probably,
in some infected cats, the presence of L. infantum may also contribute to the pathogenesis of
kidney disease, however, further studies are needed to confirm this hypothesis (Chatzis et al.
2020), since, apparently, cats do not mount a potent humoral response (Solano-Gallego et al.
2007, Maia et al. 2010).

Our data also indicate that, probably, the evaluated cats did not have liver damage or the
lesions were not extensive enough to generate an elevation in the serum levels of AST and GGT
(Table 5).

CONCLUSION

The percentage of positive animals for FL in the animals attended at the HVU/UFCG
in the municipality of Patos was low in the studied period, however, as cats mount a less
significant humoral response than dogs, the importance of cats in the VL transmission cycle in
region should not be discarded. FL should be taken into account in the differential diagnosis of
diseases in cats, especially when dermatological signs are present.
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Legends of Tables and Figures

Table 1. Physical examination performed on seropositive cats for Leishmania infantum,
attended at the HVU/UFCG, from 2018 to 20109.

Table 2. Hematological evaluation of seropositive cats for Leishmania infantum, attended at the
HVU/UFCG, from 2018 to 2019.

Table 3. Leucogram of seropositive cats for Leishmania infantum, attended at the HVU/UFCG,
from 2018 to 2019.

Table 4. Biochemical evaluation of seropositive cats for Leishmania infantum, attended at the
HVU/UFCG, from 2018 to 2019.

Fig. 1. Thematic map indicating the location of the municipalities of Paraiba and Pernambuco
with seropositive animals for Leishmania infantum, 2021.
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Table 1
Clinical Signs
Animals Body Evaluation of mucous Alterations in skin and Lymphadenopathy Gingivitis
score membranes mucous membranes
1 95 Normocolored Wound in the LPL ar_ld close to Present NI
the labial commissure
2 25 Mildly hyperemic NI Present Present
3 NI Normocolored NI Absent Present
4 15 . NI Absent NI
Icteric
5 NI Normocolored NI Present NI
6 25 Mildly hyperemic Ulcer near the molars Present Present
7 25 NI Present Present

Normocolored

NI: not informed. LPL: left pelvic limb.
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Table 2
Hematological evaluation
Animals RBC Hb Ht VCM CHCM Fgf‘)tjr'ﬁt
(X10%uL)  (g/dL) (%) (L) (g/dL) (X10%uL)
1 10.24 12.9 46 44.9 28 384
2 8.21 11.5 33.8 412 34 361
3 8.49 12.8 39.8 469 32.2 332
4 8.04 12.1 383 476 31.6 366
5 11.46 13.2 442  38.6 29.9 100
6 8 10.8 317 376 34.7 67
7 7.69 10.4 299 389 34.8 356
Mean + SDe/ 8.2+ 120+ 377+ 422+ 322+ 356 + 266°
Median £ID° 2.2° 1.1 6.2¢ 4.2 2.6¢
Reference range* 5-10 8-15 24-45 39-55  31-35 300-800

RBC: Red blood cells; Hb: Hemoglobin; Ht: Hematocrit; VCM: Mean Corpuscular Volume; CHCM: Mean
Corpuscular Hemoglobin Concentration; SD: Standard Deviation; ID: Interquartile Deviation; « Normally

distributed variables expressed as Mean and SD. °Variables with non-normal distribution expressed as Median

and ID. * Jain (1986).
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Table 3
Leukogram
Total Rod Seg Lymp Mon Eos Bas
Animals Leuk (X10%/ (X10%/ (X10%/  (X10%  (X10%  (X10%
(X103/uL) uL) uL) ulL) uL) ulL) uL)
1 24.20 4.84 174.24 36.30 0 26.62 0
2 11.00 ND ND ND ND ND ND
3 21.30 0 178.92 25.56 8.52 0 0
4 14.80 0 97.68 38.48 0 11.84 0
5 19.70 0 161.54 25.61 7.88 1.97 0
6 7.30 ND ND ND ND ND ND
7 29.80 38.74 241.38 8.94 2.98 5.96 0
le/lae” d?;r?]z'/ 1830+ 0% 17075+ 2697+ 387+ 927 .
ID° 7.79¢ 21.79° 51.21- 11.70e 4.13e 10.69-
Reference 2500-  15.00-
range * 5.00-19.50 0-3.00 195 00 20.00 0-8.50 0-15.00 Rare

Leuk: Leukocytes; Rod: rod neutrophils; Seg: Segmented neutrophils; Lymp: Lymphocytes; Mon: Monocytes;
Eos: Eosinophils; Bas: Basophils; ND: not determined; SD: Standard Deviation; ID: Interquartile Deviation; «
Normally distributed variables expressed as Mean and SD. “Variables with non-normal distribution expressed as
Median and ID.* Jain (1986).
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Table 4
Serum Biochemistry
Animals  ALB ALT AST PAL GGT CRE  URE
(@dL) (UL) (UL) (UL) (UL) (mg/dL) (mg/dL)
5 ND ND 255 172 O 0.4 33.9
7 329 557 295 ND ND 1 53.83
Reference ;133 683 2643 2593 S 0818 2030
range 5.1

ALB: Albumin; ALT: Alanine Aminotransferase; AST: Aspartate Aminotransferase; PAL: Phosphatase
alkaline; GGT: Gammaglutamyltransferase; CRE: Creatinine; URE: Urea; ND: not determined; * Kaneko et al.
(2008).
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CONCLUSAO GERAL

A alta heterogeneidade entre os estudos sobre LF identificada na meta-analise reflete as
diferengas nos métodos diagndsticos utilizados, que pode também ter refletido nos resultados
dos estudos apresentados nos capitulos 2 e 3, e demonstra a necessidade de padronizacao dessas

técnicas no diagndstico da leishmaniose em felinos.

A presenca de alteracfes dermatologicas foi um achado frequente na revisdo sistematica
dos estudos sobre LF no Brasil e nos gatos atendidos no HVU/UFCG do municipio de Patos,
enfatizando a importancia da incluséo da leishmaniose felina como diagnostico diferencial nas

doencas em gatos, principalmente as que cursam com sinais dermatolégicos.

No municipio de Mae d’Agua, os casos de LF se concentraram em uma area de expansio
urbana que deve ser priorizada para o controle da doenca, sobretudo vetorial. Apesar da
prevaléncia ndo ser considerada alta, como 0s gatos montam uma resposta humoral menos
significativa que os cdes, a importancia desta espécie no ciclo de transmissdo da LV na regido

estudada ndo deve ser descartada.



