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RESUMO  

 

O gênero Alouatta reúne o maior número de diferentes espécies naturalmente infectadas por 

Plasmodium spp., dentre os primatas neotropicais, sendo a principal o bugio-ruivo, Alouatta 

guariba clamitans, ameaçado de extinção. Acredita-se que primatas não humanos sejam 

reservatórios para a malária humana em regiões de florestas, mas pouco se conhece sobre as 

implicações da infecção na saúde e conservação desses animais. O objetivo foi identificar a 

prevalência da infecção por Plasmodium spp. em bugios-ruivos de vida livre em um fragmento 

de Mata Atlântica e associar a infecção com alterações hematológicas e bioquímicas. Os animais 

foram capturados com dardos anestésicos e o sangue coletado foi utilizado para extração de DNA 

e realização dos parâmetros hematológicos e bioquímicos. O diagnóstico molecular da infecção 

foi realizado por Nested-PCR (18S SSU rRNA ou coxI). Os parâmetros bioquímicos e 

hematológicos foram comparados utilizando o teste T de Student ou Mann-Whitney U. Foram 

capturados 40 animais, destes sete foram capturados duas vezes e um três vezes. A prevalência 

da infecção por Plasmodium foi estimada em 70% (28/40), sendo a maior descrita para primatas 

neotropicais. Os bugios infectados apresentaram valores médios mais elevados de linfócitos 

(p=0,010), de alanina amino transferase (ALT) (p=0,003) e aspartato aminotransferase (AST) 

(p=0,037). As fêmeas infectadas apresentaram valores médios de linfócitos (p=0,014) e ALT 

(p=0,003) elevados e os machos infectados valores elevados de ALT (p=0,046) e reduzidos de 

albumina (p=0,049). Os animais com infecção mista apresentaram valores médios mais elevados 

de ALT (p=0,019) e menores de proteínas totais (p=0,023). Em conclusão este trabalho mostra 

que a infecção malárica nos bugios provoca alterações hematológicas/bioquímicas, sugerindo um 

comprometimento hepático. Ainda é necessário estabelecer quais os impactos destas alterações, 

mas já está clara a necessidade de monitoramento da infecção nestes animais, principalmente 

durante as translocações, em fragmentos de matas próximas de humanos, para a vigilância eco-

epidemiológica da malária na Mata Atlântica. 

 

Palavras-chaves: Plasmodium, Alouatta guariba clamitans, malária, conservação de espécies. 

 

  



 

 

ABSTRACT 

 

The Alouatta genus comprises the largest number of different species naturally infected by 

Plasmodium spp. among the neotropical primates, the main one is the Southern brown howler 

monkey, Alouatta guariba clamitans, which is threatened with extinction. Non-human primates 

are believed to be human malaria reservoirs in forest regions, but little is known about the 

implications of this infection on the health and conservation of these animals. The objective of 

this study was to determine the prevalence of Plasmodium spp. infection in free-living howler 

monkeys in an Atlantic Forest fragment and to associate the infection with hematological and 

biochemical alterations. The animals were captured with anesthetic darts and the collected blood 

was used for DNA extraction, blood count, and serum biochemical tests. The molecular diagnosis 

of the infection was performed by Nested-PCR (18S SSU rRNA or coxI). Blood count and 

biochemical tests were compared using the Student's t-test or Mann-Whitney U test. We captured 

40 animals, from which seven were captured twice, and one three times. The estimated prevalence 

of Plasmodium infection was 70% (28/40), the highest reported for neotropical primates. Infected 

howler monkeys presented higher mean values of lymphocytes (p=0.010), alanine 

aminotransferase (ALT) (p=0.003), and aspartate aminotransferase (AST) (p=0.037). The 

infected females presented high mean values of lymphocytes (p=0.014) and high ALT (p=0.003); 

and infected males presented high ALT (p=0.046) and reduced albumin values (p=0.049). 

Animals with mixed infection displayed higher mean ALT values  (p=0.019), and lower total 

protein levels (p=0.023). In conclusion, this work shows that malarial infection in howler 

monkeys causes hematological/biochemical alterations which suggest hepatic commitment. It is 

yet necessary to establish the impact of these changes, but it is already clear the need to monitor 

infection in these animals, especially during translocations, for the eco-epidemiological 

surveillance of malaria in the Atlantic Forest. 

 

Key words: Plasmodium, Alouatta g. clamitans, Endangered Species, malaria, Primate Diseases. 
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1. INTRODUÇÃO 

A malária é uma doença parasitária causada por protozoários do gênero Plasmodium, 

família Plasmodiidae (Hommel & Gilles et al., 1998). O parasita ocorre em múltiplas espécies de 

prosimianos, macacos do Novo Mundo e do Velho Mundo (Coatney et al., 1971). Duas espécies 

de Plasmodium spp. parasitam primatas do Novo Mundo nas Américas Central e do Sul: 

Plasmodium brasilianum (Gonder & Berenberg-Gossler, 1908) e Plasmodium simium (Fonseca, 

1939) (Deane et al., 1966; Arruda et al., 1989; Cerutti-Junior et al., 2007). 

O único relato de sintomatologia sugestiva de malária em primatas neotropicais (PNs) 

com avaliação dos parâmetros bioquímicos e hematológicos já descrito foi por Costa et al. (2014), 

para um bugio-ruivo, Alouatta guariba clamitans, mantido em cativeiro, positivo para P. 

simium/P. vivax. O animal apresentava inapetência, fraqueza, apatia, tremores musculares 

intermitentes, membranas mucosas secas e pálidas, desidratação leve, perda de massa muscular e 

peso corporal. Este animal também apresentou algumas alterações hematológicas e bioquímicas. 

A contagem de células sanguíneas evidenciou uma anemia através do nível baixo de hemácias e 

do hematócrito, e o animal apresentou leucopenia com neutropenia e trombocitopenia grave. As 

análises bioquímicas permitiram concluir um aumento da ureia, alanina aminotransferase (ALT) 

e aspartato aminotransferase (AST), hipoalbuminemia e hipoproteinemia.  

O primata da subespécie A. g. clamitans, tanto em nível nacional (MMA, 2014) quanto 

em nível estadual (Santa Catarina) (SDS, 2011), está classificado como ameaçado na categoria 

vulnerável. Conforme a International Union for Conservation of Nature (IUCN), a espécie está 

ameaçada principalmente por perda ou fragmentação de habitat e morte por doenças (Mendes et 

al., 2008). O gênero Alouatta reúne o maior número de espécies infectadas com Plasmodium spp., 

quando comparado com os demais primatas neotropicais (Deane, 1992; Fandeur et al., 2000). 

Dessa forma, ressalta-se a necessidade de estudar a malária simiana do ponto de vista da 

conservação, pois estudos da saúde animal são um ponto chave para a conservação de espécie, 

principalmente para as ameaçadas de extinção (Daszak et al., 2000). 

Ainda, é importante compreender as consequências do parasitismo nos animais de vida 

livre, pois pouco se conhece sobre a interação parasita-hospedeiro e implicações na saúde 

(Coatney et al., 1971) e conservação de bugios-ruivos, espécie de primata ameaçada. Além disso, 

os PN podem agir como reservatórios para a malária humana na América do Sul (Coatney, 1971; 

Lal et al., 1988; Arruda et al., 1989; Davies et al., 1991; Stewart et al., 1998; Fandeur et al., 2000; 

Volney et al., 2002; Duarte et al., 2008; Yamasaki et al., 2008; Brasil et al., 2017). Portanto, os 

estudos indicando a prevalência de Plasmodium spp em bugios-ruivos em fragmento de perímetro 

urbano, será importante também para o conhecimento da eco-epidemiologia da malária na região. 
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2. REVISÃO BIBLIOGRÁFICA  

2.1.  História da malária no mundo e no Brasil  

A malária é uma doença parasitária causada por protozoários do gênero Plasmodium, 

família Plasmodiidae, subordem Haemosporidae, classe Sporozoea, filo Apicomplexa, sub-reino 

Protozoa (Hommel & Gilles et al., 1998). Também conhecida como febre terçã, febre quartã, 

maleita e paludismo, a doença afeta principalmente as áreas tropicais e subtropicais do planeta. A 

malária é uma doença infecciosa com manifestações episódicas de caráter agudo. É reconhecida 

como um dos maiores problemas de saúde pública no mundo (Garnham, 1966).  

Provavelmente é a doença parasitária mais antiga de que se tem registro, conhecida na 

antiguidade como “febre intermitente”. Devido ao seu caráter endêmico, foi responsável por 

várias mortes quanto foram as próprias guerras em vários períodos da história (Garnham, 1966). 

Há registros de sua descrição clínica na antiguidade. Na Grécia, mil anos antes de Cristo, a doença 

“(...) já era caracterizada pelos médicos gregos, que descreveram os tipos febris cotidiano, terçã 

e quartã (...)”. Hipócrates de Cós (370 – 460 a.C.) fez uma descrição clínica detalhada da doença, 

mostrando inclusive a ocorrência de hepatomegalia e esplenomegalia (Thiago, 2003). 

O parasito pode infectar mamíferos, aves e répteis. As espécies que causam infecção em 

seres humanos, conforme a World Health Organization (WHO) (2015), são Plasmodium 

falciparum (Welch, 1897), Plasmodium vivax (Grassi & Feletti, 1890), Plasmodium malariae 

(Laveran, 1881), Plasmodium ovale (Stephens, 1922), restrito ao continente africano, regiões da 

Ásia e Ilhas do Pacífico (Greenwood et al., 2008), e P. knowlesi (Sinton and Mulliga, 1933), que 

ocorre no Sudeste Asiático e infecta primariamente primatas não-humanos do Velho Mundo.  

Em 2017 foram registrados cerca de 219 milhões de casos de malária humana no mundo, 

ocasionando cerca de 435.000 mortes, sendo que 92% dos casos e 93% das mortes ocorreram na 

África. No Brasil, cerca de 217.928 casos de malária foram registrados no mesmo ano, sendo 

estimados 30 óbitos (WHO, 2018).  

Apesar de não ser considerada área endêmica de malária, na região extra-amazônica são 

registrados anualmente uma pequena porcentagem (cerca de 0,05%) de casos autóctones 

originados ao longo da Serra do Mar, que se estende através dos estados do Rio de Janeiro, 

Espírito Santo, São Paulo, Paraná e Santa Catarina, pertencentes à região de Mata Atlântica (Pina-

Costa et al., 2014). Na região extra-amazônica foram notificados 310 casos autóctones 

confirmados de malária por P. falciparum ou mista, e 426 casos autóctones confirmados por P. 

vivax¸ no ano de 2018 (MS, 2019). O estado com maior número de casos foi o Espírito Santo, 

com 145 casos confirmados de malária autóctone, seguido pela Bahia com 77 casos e São Paulo 

com 11 casos autóctone de malária humana. No Rio de Janeiro foram confirmados 5 casos, Mato 

Grosso do Sul e Piauí 3 casos, Distrito Federal, Goiás e Paraná com um caso apenas. No estado 

de Santa Catarina houve 2 casos confirmados de malária autóctone em 2017, sendo que os dois 

casos ocorreram no município de Joinville (MS, 2019). Apesar de poucos casos, a taxa de 
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mortalidade na região extra-amazônica é 50 vezes superior à taxa na região amazônica (MS, 

2019), o que demonstra a importância de uma vigilância da malária mais acurada na região de 

Mata Atlântica, incluindo treinamentos de médicos para diagnóstico diferencial rápido da malária. 

Ainda é desconhecida a história de introdução no Brasil das espécies de Plasmodium. 

Rodrigues et al. (2017) sugere que o continente americano foi provavelmente colonizado pelo P. 

vivax em momentos diferentes da história, infectando primeiramente os seres humanos (a direção 

da transmissão lateral foi de humanos para macacos), pois há maior diversidade genética entre as 

diferentes amostras de P. vivax em comparação com P. simium testadas, e transmitindo assim 

para os primatas do Novo Mundo. Ainda, Brasil et al. (2017) sugere que a malária na Mata 

Atlântica seja possivelmente uma zoonose, pois possibilita a transmissão entre humanos e símios. 

 

2.2. A malária em primatas não humanos (PNH) 

O parasita ocorre em múltiplas espécies de prosimianos, macacos do Novo Mundo e do 

Velho Mundo (Coatney et al., 1971). Já foram descritas 28 espécies de Plasmodium infectando 

PNH, mas apenas duas parasitam macacos do Novo Mundo nas Américas Central e do Sul: P. 

brasilianum (Gonder & Berenberg-Gossler, 1908) e P. simium (Fonseca, 1951) (Deane et al., 

1966; Arruda et al., 1989; Cerutti-Junior et al., 2007). O número de espécies hospedeiras pode 

ser uma subestimação, ao considerar a extensão da malária em primatas de vida livre, uma vez 

que muitos países e muitas espécies de PNH nunca foram testadas para diagnóstico dos parasitos.  

 

Tabela 1 - Espécies de Plasmodium spp., com seus respectivos hospedeiros primatas não humanos – PNH. 

  HOSPEDEIRO  ESPÉCIE Plasmodium 

Macacos 

do 

Velho 

mundo 

Macaca fascicularis Plasmodium coatneyi 

Macaca spp., Presbytis cristatus, Prebytis entellus Plasmodium cynomolgi 

Macaca nemestrina  Plasmodium fieldi 

Macaca sínica, Macaca radiata  Plasmodium fragile 

Cercocebus spp., Mandrillus leucophaeus Plasmodium gonderi 

Cynopithecus Níger, Macaca spp., P. cristatus, Presbytis obscurus Plasmodium inui 

M. fascicularis, M. nemestrina, Presbytis malalophus Plasmodium knowlesi 

M. radiata  Plasmodium shortti 

M. sinica  Plasmodium simiovale 

Cercocebus albigena, Cercocebus galeritus Plasmodium georgesio 

C. albigena  Plasmodium petersi 

Pan troglodytes, Gorila gorilla  Plasmodium reichenowi 

Pan troglodytes, Gorila gorilla  
Plasmodium rodhaini 

Plasmodium schwetzi 

Pongo pygmaeus  
Plasmodium pitheci  

Plasmodium silvaticum 

Hylobates lar  Plasmodium eylesi 

Hylobates lar, Hylobates moloch  

Plasmodium jefferyi 

Plasmodium youngi 

Plasmodium hylobati 

Lemur fulvus fulvus, Lemur fulvus rufus  Plasmodium foleyi; P. girardi 

L. fulvus fulvus  Plasmodium uilenbergi 

Lemur macaco macaco Plasmodium percygarnhami 

Lemur macaco macaco  Plasmodium coulangesi 
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Plasmodium bucki 

Macacos 

do Novo 

mundo 

Alouatta spp., Alouatta guariba clamitans, Alouatta caraya, 

Alouatta belzebul belzebul, Brachyteles arachnoides, Callicebus 

nigrifrons, Cacajao melanocephalus, Sapajus xanthosternos, 

Sapajus robustus, Cebus spp.  

Plasmodium simium 

Alouatta spp., Alouatta belzebul belzebul, Alouatta caraya , 

Alouatta fusca fusca, Alouatta guariba clamitans, Alouatta 

nigerrima, Alouatta palliata, Alouatta seniculus seniculus, Alouatta 

seniculus straminea, Alouatta villosa villosa, Ateles spp., Ateles 

belzebulth, Ateles fuscipes robustus,  Ateles chamex, Ateles 

geoffroyi, Ateles geoffroyi grisescens, Ateles geoffroyi panamensis, 

Ateles paniscus, Aotus azarae azarae, Aotus nigriceps, Aotus 

trivirgatus, Aotus vociferans, Saimiri spp., Brachyteles 

arachnoides, Cacajao calvus, Cacajao melanocephalus, Cacajao 

rubicundus, Callicebus brunneus, Callicebus cupreus ornatus, 

Callicebus dubius, Callicebus moloch, Callithrix argentata, 

Callithrix geoffroyi, Callithrix humeralifer, Callithrix jacchus, 

Callithrix penicillata, Cebus spp., Cebuella pygmaea,  Chiropotes 

satanas, Lagothrix spp., Lagothrix lagotricha, Lagothrix cana 

cana, Lagothrix poeppigii, Leontopithecus chrysomelas, Saguinus 

midas, Pithecia pithecia; Leontopithecus rosalia, Mico humeralifer, 

Saguinus bicolor, Saguinus fuscicollis, Saguinus geoffroyi, 

Saguinus hibrido, Saguinus imperator, Saguinus labiatus, Saguinus 

martinsi martinsi, Saguinus martinsi oechnaceous, Saguinus midas, 

Saguinus mystax, Saguinus niger, Saguinus nigricolis, Cebus 

albifrons, Cebus apela, Cebus capucinus capucinus, Cebus 

capucinus imitator, Cebus olivaceus, Saimiri boliviensis 

peruviensis, Saimiri oerstedii, Saimiri sciureus albigena, Saimiri 

sciureus macrodon, Saimiri sciureus peruviensis, Saimiri sciureus 

sciureus, Saimiri spp., Saimiri ustus, Sapajus flavius, Sapajus 

robustus, Sapajus apela, Sapajus xanthosternos, Cacajao calvus, 

Cacajao melanocephalus, Cacajao rubicundus, Callicebus 

brunneus, Callicebus caligatus, Callicebus cupreus ornatos, 

Callicebus dubius, Callicebus moloch, Callicebus personatus, 

Callicebus spp., Callicebus torquatus torquatus, Chiropotes 

satanas chiropotes, Chiropotes albinasus, Chiropotes satanas 

satanas, Pithecia irrorata irrorata, Pithecia monachus, Pithecia 

pithecia pithecia, Pithecia spp.  

Plasmodium brasilianum 

Referências: Clark 1931, Renjifo e Peidrahita 1949, Renjifo et al. 1952, Galindo 1963,  Dunn e Lambrecht 

1963, Porter et al. 1966, Garnham 1966, Serrano 1967, Marinkelle e Grose 1968, Dunn et al. 1968, Deane 

et al. 1969,  Coatney 1971, Baerg et al. 1971, Ferreira Neto e Deane 1973, Collins et al. 1985, Arruda et 

al. 1985, Deane e tal. 1989, Davies et al. 1991, Deane et al. 1992, Lourenço-de-oliveira et al. 1995, 

Lourenço-de-oliveira e Deane 1995, Stuart et al. 1998, Fandeur 2000, Thoisy et al. 2001, Volney et al. 

2002, Chinchilla et al. 2006, Duarte et al. 2008, Cormier et al. 2010, Guimarães et al. 2011, Yamasaki et 

al. 2011, Curotto et al. 2012, Bueno 2012, Araújo et al. 2013, Lalremruata et al. 2015,  Fuentes-Ramirez 

et al. 2017, Alvarenga et al. 2017.  

 

P. brasilianum e P. simium são parasitas morfologicamente, geneticamente e 

imunologicamente semelhantes aos parasitas humanos, P. malariae e P. vivax, respectivamente 

(Deane, 1992, Leclerc et al., 2004). Ambos parasitas foram diagnosticados pela primeira vez em 

primatas brasileiros. Em 1909 foi descrito P. brasilianum parasitando Cacajao calvus da região 

Amazônica (Gonder & Berenberg-Gossler, 1909) e P. simium foi identificado por Fonseca 

(1951), quando examinava primatas da espécie Alouatta fusca (Geoffroy, 1812) da floresta de 

Itapecerica da Serra, próxima da cidade de São Paulo. 
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Os PNs são suspeitos de desempenhar o papel de reservatório para a malária em humanos  

(Coatney, 1971; Lal et al., 1988; Arruda et al., 1989; Davies et al., 1991; Stewart et al., 1998; 

Fandeur et al., 2000; Volney et al., 2002; Duarte et al., 2008; Yamasaki et al., 2008; Brasil et al., 

2017). Há alguns trabalhos onde já foi descrito o parasitismo de P. brasilianum e P. simium em 

seres humanos (Deane et al., 1966; Arruda et al., 1989; Lalremruata et al., 2015; Brasil et al., 

2017). Em condições experimentais, muitas espécies de macacos do Novo Mundo foram 

infectados com P. falciparum e P. vivax, incluindo bugios (Alouatta spp.), macacos-da-noite 

(Aotus spp.), macacos-aranha (Ateles spp.), macaco-de-cheiro (Saimiri spp.) e micos (Saguinus 

spp.) (Coatney et al., 1971; Collins, 1994; Galland, 2000; Gilles, 2002; Sibal e Samson, 2001).  

Deane (1964), trabalhando no Horto Florestal da Cantareira, na periferia da cidade de São 

Paulo, também relata a presença de macacos da espécie Alouatta fusca, naturalmente infectados 

por P. simium/P. vivax e por P. brasilianum/P. malariae. Em uma revisão realizada pelo mesmo 

autor, com mais de 4.500 amostras de PNs, as taxas de infecção encontradas foram de 35,6% na 

região sudeste, 17,9% na região sul, 10,1% na Amazônia e nenhuma na região nordeste do Brasil 

(Deane, 1992). Yamasaki et al. (2011) analisaram 50 bugios-ruivos de áreas de Mata Atlântica da 

região metropolitana de São Paulo, encontrando 18% de animais infectados com P. simium/P. 

vivax e 4% com P. brasilianum/P. malariae.  

Sabe-se que os plasmódios simianos, P. simium e P. brasilianum, parecem desaparecer 

dentro de poucos meses nos exames diagnósticos, mas outros podem persistir por vários anos 

(Deane, 1964; Deane, 1967). Geralmente, a maioria dos animais apresenta baixa parasitemia, 

esporadicamente febre, apatia e perda de peso, e a doença pode ter cura espontaneamente (Deane, 

1992). Em geral, poucas são as informações sobre a dinâmica desses parasitas e a interação com 

os hospedeiros, principalmente em PNs de vida livre (Coatney et al., 1971). 

O único relato de sintomatologia sugestiva de malária em PNs com avaliação dos 

parâmetros bioquímicos e hematológicos já descrito foi por Costa et al. (2014), para um bugio-

ruivo, Alouatta clamitans, mantido em cativeiro, positivo para P. simium/P. vivax. O animal 

apresentava inapetência, fraqueza, apatia, tremores musculares intermitentes, membranas 

mucosas secas e pálidas, desidratação leve, perda de massa muscular e peso corporal. Este animal 

também apresentou algumas alterações hematológicas e bioquímicas. A contagem de células 

sanguíneas evidenciou anemia através do nível baixo de hemácias e do hematócrito, e o animal 

apresentou leucopenia com neutropenia e trombocitopenia grave. As análises bioquímicas 

permitiram concluir um aumento da ureia, alanina aminotransferase (ALT) e aspartato 

aminotransferase (AST), hipoalbuminemia e hipoproteinemia. Nos animais que foram 

submetidos à esplenectomia experimental, observou-se que a infecção por Plasmodium spp pode 

causar fraqueza, febre, anemia, icterícia e insuficiência renal (Galland et al., 2000; Fuentes-

Ramirez et al., 2017). 
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2.3.  O ciclo biológico de Plasmodium spp. 

Plasmodium spp. é inoculado no hospedeiro através de vetores, mosquitos fêmeas 

pertencentes à ordem Diptera, infraordem Culicomorpha, família Culicidae, gênero Anopheles 

(Meigen, 1818). Este gênero compreende cerca de 400 espécies, das quais cerca de 60 ocorrem 

no Brasil e são responsáveis por transmitir o parasito (Tuteja, 2007). Nas regiões de Mata 

Atlântica, os anofelinos do subgênero Kerteszia podem ser responsáveis por surtos ocasionais de 

malária (Deane, 1992; Marelli et al., 2007). Essas espécies têm, como criadouros, plantas que 

acumulam água (fitotelmatas) (Pina-Costa et al., 2014), como as bromélias, muito comuns nessa 

região (Gasper et al., 2015). 

O ciclo biológico do parasita da malária envolve dois hospedeiros (figura 1). Durante um 

repasto sanguíneo, uma fêmea de mosquito Anopheles infectada inocula esporozoítos no 

hospedeiro humano. Os esporozoitos infectam as células do fígado e amadurecem nos 

esquizontes, que rompem e liberam vesículas chamadas merossomos, as quais se rompem e 

liberam os merozoítos. Após essa replicação inicial no fígado (esquizogonia exo-eritrocítica), os 

merozoítos infectam os eritrócitos, onde sofrem uma multiplicação assexuada (esquizogonia 

eritrocitária). Os trofozoítos do estágio do anel amadurecem em esquizontes, que rompem 

liberando merozoítos. Alguns parasitas se diferenciam em estádios eritrocíticos sexuais 

(gametócitos). Os parasitas do estágio sanguíneo são responsáveis pelas manifestações clínicas 

da doença (CDC, 2017). 

Os gametócitos, machos (microgametócitos) e fêmeas (macrogametócitos) são ingeridos 

por um mosquito Anopheles durante um repasto sanguíneo num hospedeiro infectado. A 

multiplicação dos parasitas no mosquito é conhecida como ciclo esporogônico. No estômago do 

mosquito, os microgametas penetram os macrogametas gerando zigotos. Os zigotos, por sua vez, 

tornam-se móveis e alongados (oocinetos) e invadem a parede do intestino médio do mosquito, 

onde se desenvolvem em oocistos. Os oocistos crescem, se rompem e liberam esporozoítos, que 

caem na hemolinfa e alguns invadem as glândulas salivares do mosquito. A inoculação dos 

esporozoítos em um novo hospedeiro humano completa o ciclo de vida do Plasmodium (CDC, 

2017). 
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Figura 1 - Ciclo da infecção por Plasmodium spp. Fonte: Centers for disease control and prevention – CDC, 2017. 

 

Em humanos, o período de incubação na maioria dos casos varia de 7 a 30 dias. Os 

sintomas comumente observados em casos não-complicados são: temperatura elevada, sudorese, 

fraqueza, baço e fígado aumentados, leve icterícia e aumento da taxa respiratória. Os achados 

laboratoriais adicionais podem incluir anemia leve, hipoglicemia, diminuição leve das plaquetas 

sanguíneas (trombocitopenia), elevação da bilirrubina e elevação das aminotransferases (ALT e 

AST) (MS, 2010).  

O diagnóstico humano preconizado pela WHO é a realização de microscopia óptica 

(figura 2), com gota espessa e esfregaço sanguíneo, ou testes imunocromatográficos, por serem 

rápidos e de fácil acesso (WHO, 2015). O diagnóstico molecular tem se mostrado uma das 

ferramentas mais promissoras na detecção de Plasmodium spp. por possuir alta sensibilidade e 

especificidade, alcançando até mesmo infecções subpatentes (Demas et al., 2011). A técnica de 

PCR (Polymerase Chain Reaction), baseada na amplificação de DNA presente em uma amostra, 

é capaz de identificar o material genético alvo em um processo cíclico através da geração de 

milhares de cópias idênticas, que poderão ser analisadas em pouco tempo. A Nested - PCR é um 

protocolo útil para diagnóstico por apresentar dois passos de amplificação, o que aumenta a 

capacidade de detecção do parasito tanto em sensibilidade quanto em especificidade (Snounou et 

al., 1993; Liu et al., 1998). 
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Figura 2 - Esfregaço sanguíneo de bugio-ruivo com hemácia parasitada por Plasmodium spp. Fonte: arquivo pessoal. 

 

2.4.  O bugio-ruivo (Alouatta guariba clamitans) 

O Brasil é o país com o maior número de primatas conhecidos. São cerca de 140 táxons 

(espécies e subespécies) distribuídos em 5 famílias (Callitrichidae, Cebidae, Aotidade, Pitheciidae 

e Atelidae) e 19 gêneros. São 83 táxons endêmicos do Brasil. De acordo com a literatura, cerca 

de 40% das espécies de primatas brasileiros se encontram ameaçados de extinção (MMA, 2014). 

Pertencente à família Atelidae, o gênero Alouatta divide-se em 9 espécies no Brasil: 

Alouatta caraya (Humboldt, 1812), A. guariba (Humboldt, 1812), A. palliata (Gray, 1849), A. 

pigra (Lawrence, 1933), A. coibensis (Thomas, 1902), A. seniculus (Linnaeus, 1766), A. sara 

(Alliot, 1910), A. nigerrima (Lönnberg, 1941) e A. belzebul (Linnaeus, 1766) (Rylands et al., 

2000). A espécie A. guariba se divide em duas subespécies: Alouatta guariba guariba (Humboldt, 

1812) e Alouatta guariba clamitans (Cabrera, 1940). 

Popularmente conhecido como bugio, barbado ou guariba, animais da subespécie 

Alouatta g. clamitans (figura 3) são primatas neotropicais que ocorrem no Espírito Santo, Minas 

Gerais, Rio de Janeiro, São Paulo, Paraná, Santa Catarina e Rio Grande do Sul, no Brasil, e em 

Missiones, na Argentina. Tanto em nível nacional (MMA, 2014) quanto em nível estadual (Santa 

Catarina) (SDS, 2011) é classificada como ameaçada na categoria vulnerável. Conforme a IUCN, 

a espécie está ameaçada principalmente por perda ou fragmentação de habitat e morte por 

doenças, principalmente pela febre amarela (Mendes et al., 2008). 
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Figura 3 - Fêmea e macho adultos de bugio-ruivo (Alouatta g. clamitans) de vida livre em um fragmento no município 

de Joinville, SC, sul do Brasil. Fonte: arquivo pessoal. 

 

A saúde dos animais silvestres tem sido prejudicada pela fragmentação e degradação de 

habitats, pelo isolamento de populações, e pela maior proximidade com humanos e seus animais 

domésticos (Daszak et al., 2000). É claro também que a proximidade filogenética entre primatas 

não humanos e humanos permite a susceptibilidade a vários agentes etiológicos em comum 

(Bennett et al., 1995), sendo que aproximadamente 150 enfermidades compartilhadas já foram 

reconhecidas e descritas (Fiennes et al., 1967). 

As doenças parasitárias e infecciosas, bem como as coinfecções, estão envolvidas em 

eventos de extinção ou declínios populacionais. O aumento das taxas de doenças infecciosas 

emergentes está relacionado ao aumento das pressões antrópicas e é uma das manifestações da 

diminuição da saúde ecológica (Tabor, 2002). Enfermidades da fauna silvestre têm também 

resultado em perda de biodiversidade, devido ao incremento nas taxas de mortalidade e à 

diminuição das taxas de natalidade (Daszak et al., 2000). O gênero Alouatta reúne o maior número 

de espécies infectadas com Plasmodium spp. quando comparado com os demais primatas 

neotropicais (Deane, 1992; Fandeur et al., 2000).  

Vale ainda ressaltar que estes animais silvestres, em quase sua totalidade, mascaram os 

sinais clínicos, não permitindo o levantamento de suspeitas clínicas e ressaltando a necessidade 
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de investigações periódicas de agentes etiológicos (Acha e Szyfres, 2003). Devido a isso, estudos 

da saúde animal são um ponto chave para a conservação. Já foi relatado malária sintomática em 

símio de cativeiro (Costa et al., 2014), o que ressalta a necessidade de estudar a malária simiana 

do ponto de vista da conservação, principalmente de espécies ameaçadas de extinção. 

 

2.5.  Interdisciplinaridade 

Este estudo é uma pesquisa interdisciplinar que abrange a área da saúde animal, saúde 

humana e saúde ambiental, o que se entende como “One Health” (Saúde Única). De modo geral, 

os benefícios que serão proporcionados a partir do presente estudo de pesquisa se estenderão à 

saúde animal, visto que não há conhecimentos de como o parasito se comporta naturalmente em 

bugios-ruivos (Alouatta guariba clamitans) de vida livre, espécie ameaçada de extinção. Bem 

como para a humana, visto que a malária é uma importante doença parasitária no mundo e no 

Brasil, causando inúmeras mortes nos seres humanos. Além disso, a transmissão zoonótica já foi 

demonstrada para algumas espécies de Plasmodium, P. knowlesi, P. brasilianum e P. simium 

(Sing et al., 2004; Lalremruata et al., 2015; Brasil et al., 2017). Para o meio ambiente a  

importância se deve ao fato de que o bugio-ruivo possui um importante papel em seu habitat, 

Mata Atlântica, como a dispersão de sementes e por servirem como sentinelas para diversas 

doenças importantes para a saúde pública, como a febre amarela (Jerusalinsky et al., 2008), 

devendo assim aumentar o conhecimento da espécie, principalmente de vida livre, para buscar 

ações de manejo para conservação da espécie. 

 

 

Os resultados do presente trabalho serão apresentados em formato de artigo científico, ao 

qual pretende-se submeter à revista Memórias do Instituto Oswaldo Cruz. 
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3. OBJETIVOS 

 

3.1. Objetivo geral 

Identificar a prevalência da infecção das diferentes espécies de Plasmodium spp. em uma 

população de Alouatta guariba clamitans de vida livre e associar a infecção com alterações na 

saúde dos mesmos em um fragmento de Floresta Ombrófila Densa de Terras Baixas no município 

de Joinville, Santa Catarina. 

 

3.2. Objetivos específicos 

Identificar a ocorrência de infecção por Plasmodium spp. nos bugios-ruivos (Alouatta 

guariba clamitans), determinando as espécies responsáveis pela infecção;  

Determinar a prevalência da infecção por Plasmodium spp. na população de Alouatta g. 

clamitans de vida livre em Joinville/SC;  

Comparar a infecção por Plasmodium spp. nas amostras de animais capturados em 

diferentes momentos; 

Investigar se há associação entre a infecção por Plasmodium spp. e alterações nos valores 

hematológicos e bioquímicos de bugios-ruivos, comparando os animais infectados e os não 

infectados, bem como nos valores morfométricos e parâmetros clínicos analisados. 
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ABSTRACT 

 

BACKGROUND Alouatta comprises the largest number of different species naturally 

infected by Plasmodium spp. among the neotropical primates, the main one is the 

Southern brown howler monkey, Alouatta guariba clamitans, which is threatened with 

extinction. Non-human primates are believed to be malaria reservoirs in forest regions, 

but little is known about the implications of infection on the health and conservation of 

these animals.  

 

OBJECTIVES The aim of this study was to determine the prevalence of Plasmodium spp. 

infection in free-living howler monkeys in an Atlantic Forest fragment in Joinville/SC 

and to associate the infection with hematological and biochemical alterations.  

 

METHODS The howler monkeys were captured with anesthetic darts and the collected 

blood was used for DNA extraction and hematological and biochemical tests. The 

molecular diagnosis of Plasmodium infection was performed by Nested-PCR (18S SSU 

rRNA or coxI). Hematological and biochemical tests were compared among infected and 

non-infected animal using the Student's t-test or Mann-Whitney U test.  

 

FINDINGS Forty animals were captured, from which seven were captured twice, and one 

three times. The estimated prevalence of Plasmodium infection was 70% (28/40), the 

highest reported for neotropical primates. Infected howler monkeys showed higher mean 

values of lymphocytes (p=0.010), alanine aminotransferase (ALT) (p=0.003), and 

aspartate aminotransferase (AST) (p=0.037) comparing to non-infected ones. Comparing 

infected males and females, females presented higher mean values of lymphocytes 

(p=0.014) and ALT (p=0.003); and males showed higher ALT (p=0.046) and reduced 

albumin values (p=0.049). Animals with mixed infection displayed higher mean ALT 

values  (p=0.019), and lower total protein levels (p=0.023) comparing to animals infected 

with P. simium or P. brasilianum. 

 

MAIN CONCLUSIONS This work shows that malarial infection in howler monkeys 

causes hematological/biochemical alterations which suggest hepatic commitment. It is 

yet necessary to establish the impact of these changes, but it is already unambiguous the 
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need to monitor infection in these animals, especially during translocations, for the eco-

epidemiological surveillance of malaria in the Atlantic Forest. 
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INTRODUTION 

 

Malaria is an important parasitic disease caused by obligate intracellular protozoa of 

the genus Plasmodium, family Plasmodiidae, Suborder Haemosporidae, order Coccidia, 

which infects mammals, birds, and reptiles. The species that cause infection in humans 

are Plasmodium falciparum (Welch, 1897), Plasmodium vivax (Grassi & Feletti, 1890), 

Plasmodium malariae (Laveran, 1881), Plasmodium ovale (Stephens, 1922), restricted to 

the African continent, regions of Asia and Pacific Islands, and Plasmodium knowlesi 

(Sinton and Mulliga, 1933), which occurs in Southeast Asia and, originally, infects non-

human primates in the Old World.(1) 

Infection by Plasmodium in non-human primates (NHPs) occurs in several prosimians, 

apes, Old World and New World monkey species.(2) Twenty-eight species of Plasmodium 

have been described infecting NHPs, but only two parasite New World primates (NWPs) 

in Mexico, and in different countries of the Central and South America: Plasmodium 

brasilianum (Gonder & Berenberg-Gossler, 1908), and Plasmodium simium (Fonseca, 

1951). These parasites are morphologically, genetically and immunologically similar to 

the human parasites Plasmodium malariae, and Plasmodium vivax, respectively.(3-6) 

Lalremruata et al. (7) and Brasil et al. (8) molecularly characterized P. brasilianum and P. 

simium infections in humans and NHPs, suggesting their zoonotic transmission. 

In 2017, around 219 million human malaria cases were recorded worldwide, causing 

about 435,000 deaths, of which around 90% of cases and deaths occurred in African 

continent.(1) In Brazil, 217,928 cases of malaria were registered in 2017.(9) In the extra-

Amazon region, 310 confirmed cases of P. falciparum or mixed malaria, and 422 

confirmed cases of P. vivax were reported in 2018.(9) Brasil et al. reported a P. simium 

outbreak in the mountain region of the Rio de Janeiro State, suggesting a zoonotic 

transmission of malaria in the Atlantic Forest regions.(8) Zoonotic malaria represents a 

unique problem for the efforts in malaria control and hinders eventual elimination of 

malaria, because NHPs may act as reservoirs for malaria in forest regions.(2-3,8) 

Among the species of NWPs, a large number are susceptible to malaria infection, and 

amidst the species infected by P. simium and P. brasilianum are the howler monkey, 

Alouatta guariba clamitans, belonging to the family Atelidae. This is a NWP endemic of 

the Atlantic Forest and is considered vulnerable at regional and national levels.(10-11) 

According to the International Union for Conservation of Nature (IUCN, 

https://www.iucn.org), the subspecies is threatened mainly by habitat loss or 
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fragmentation and death caused by diseases, especially yellow fever.(12) Although malaria 

infection has already been described in these animals (4,13-16) the impact on animal health 

and conservation has not been elucidated yet. 

The only report of suggestive symptoms of malaria in NWP was described by Costa 

et al. for a captive howler monkey in the municipality of Indaial/SC, infected by P. 

simium, however other infections were not investigated.(16) The animal showed anorexia, 

weakness, apathy, intermittent muscle tremors, pale mucous membranes, mild 

dehydration, and loss of muscle mass and body weight. Additionally, it presented some 

hematological and biochemical alterations, such as anemia, leucopenia with neutropenia, 

and severe thrombocytopenia. Biochemical analyzes showed a significant increase in 

urea, alanine aminotransferase (ALT) and aspartate aminotransferase (AST), 

hypoalbuminemia, and hypoproteinemia.(16) 

The present study aimed at determining the prevalence of Plasmodium spp. infection 

in a population of free-living A. g. clamitans in a fragment of ombrophilous dense lowland 

forest in urban perimeter in southern Brazil, in the years 2015 and 2017, identifying the 

species of Plasmodium spp. responsible for the infection, and the occurrence of variations 

in hematological and serum biochemical values of infected and uninfected individuals, as 

well as morphometric, and clinical parameters. 

 

MATERIALS AND METHODS 

 

Study Area - The study was performed in a 163 ha fragment of ombrophilous dense 

lowland forest,(17) located in a private property in the northern region of the city of 

Joinville, in Santa Catarina State, southern Brazil (26° 14' 41.78” S; 48° 53' 02.87" W) 

(Figure 1). This municipality is the largest in the state, with 583,144 people and 1,126,106 

km² of territorial unit (IBGE, http://www.ibge.gov.br). The fragment is located in the 

border of an industrial area and rural area, being part of the River Basin of the Rio do 

Braço (Arm River). In this area, the density of the brown howler monkey is 0.82 

individuals/hectare, total of 133 animals.(18) 

The hydrographic basin relief is constituted by alluvial-sedimentary plains with great 

pedogenetic development, in the region is formed by a single littoral plain. The area is 

characterized by strongly degraded Atlantic Forest vegetation cover, which also affects 

watercourses. Although fragmented, the area presents secondary vegetation at an 

advanced stage of regeneration, where there is a predominance of zoochoric species.(19) 
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According to the Köppen’s classification, the predominant climate in the region is 

mesothermal, humid, without dry season. The annual average relative humidity of the air 

is 76%. It presents a humid mesothermal subtropical climate type with hot summer. The 

region is greatly influenced by the relief, particularly the sea ridge, which acts as a natural 

barrier to the humidity brought from the ocean. For this reason, the moisture and rainfall 

indexes are higher than in the plateau areas. 

 

Procedure of capture and biological material sampling - Two campaigns were 

performed to capture howler monkeys, from July to December in 2015 and 2017. The 

search for the animals was performed through linear transects, formed by perpendicular 

trails of 300 to 1,000 meters in length, with a distance of 100 meters between them, 

previously open for the estimation of the density of individuals in the area. We have also 

done an active search in the forest sites where the permanence of the animals was already 

known. To capture the howler monkeys, we employed an injector dart projector model 

70, of carbon dioxide (CO2) from Dist Inject®, using butane gas for pressure.(20) The darts 

(Mini-ject®), caliber 11mm, with wool stabilizer, and 25mm needle with bush, and 

counterweight were used. The anesthetic used in chemical containment was the 

combination of tiletamine hydrochloride and zolazepam hydrochloride at a dose of 

5.5mg/kg. The site selected for dart insertion in the animal was the lower forth, giving 

preference to gluteus and thigh.(20) The captured animals were protected during the fall 

with a safety net or rescued by abseiling and tree climbing. 

We used a protocol of clinical evaluation, collection of biological material, and 

morphometric measures, adapted from the one proposed by the Chico Mendes Institute 

of Biodiversity Conservation - ICMBio,(21) where records and information from each 

animal captured were performed, such as capture date, capture identification (ID), 

microchip number implanted in the subcutaneous region of the intra-scapular region, sex, 

and age group (estimated as proposed by Carpenter).(22) Furthermore, we performed the 

clinical evaluation of the individual, considering rectal temperature, respiratory and heart 

rates, palpation of the abdomen, as well as visual inspection of the eyes and nostrils, skin, 

hair, among others. The effects of anesthesia were monitored every ten minutes collecting 

information such as heartbeat, respiratory movements, rectal temperature, and O2 

saturation. All the procedure was performed in the place of the capture. 

The morphometric parameters of the howler monkeys were measured with a 

pachymeter (head width, face, ear width, ear length, forearm length, arm, hand, scrotum 
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or vulva width, scrotum or vulva length) and with a measuring tape (head-tail length, tail, 

chest circumference, arm circumference, thigh circumference) (Figure S1). 

Blood collection (4 mL/kg) was performed, after weighing the animal, by puncturing 

the femoral or brachial vein using a needle, and vacuum tubes without and with 

anticoagulant (5% EDTA). After sampling, the tubes were stored refrigerated (12°C) or 

in a water bath (35°C for blood clot retraction and serum collection, after centrifugation 

at 3,000 x g for 5 minutes - tubes without EDTA), for further analyses in the laboratory 

to be performed. All unused biological material was deposited in the collection of 

biological material of howler monkeys of CEPESBI under registration in CEGEN Process 

nº 02000.003226/2006-91. After the procedure, the animals were kept in the transport box 

for approximately 5 hours after the term of the procedures and released at the same 

capture site after the anesthetic effect ended. 

 

Hematological analysis - To perform the blood count, we used total blood in a tube 

containing EDTA and performed the analysis in the automated veterinary hematological 

counter pocH-100iV Diff® (Sysmex, Japan), immediately after collection. We performed 

differential count of leukocytes (neutrophils, eosinophils, basophils, lymphocytes, 

monocytes, and rods) by reading the blood smear slides stained with quick panoptic under 

an optical microscope. The quick panoptic was performed according to the manufacturer's 

specifications. 

 

Biochemical analysis - The biochemical exams were performed in duplicate of aliquots 

of serum stored in a freezer at -12 °C. In 2015, dosages were performed with the use of 

commercial BIOSYSTEMS® kits and read in BIO-2000® photocolorimeter (Bioplus, 

Brazil). In 2017, we employed the Cobas® C111 analyzer (Roche, Switzerland), 

according to the manufacturer's instructions, in the clinical laboratory of the Veterinary 

hospital of FURB. 

The biochemical dosages included glucose, total cholesterol, triglycerides, total 

proteins (TP), albumin, urea, creatinine, ALT, AST, gammaglutamyltransferase (GGT), 

alkaline phosphatase (FA), creatine kinase (CK), lactate dehydrogenase (LDH), and iron 

(evaluated only in samples collected in 2017). 

 

Plasmodium spp. diagnosis - We added 4 mL of RNAlater (QIAGEN, Minneapolis, 

USA)  to 1 mL of whole blood, and 300 µL were used for DNA extraction using the 
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QIAamp DNA mini Kit (QIAGEN, Minneapolis, USA) according to the manufacturer's 

specifications. For DNA extraction control, the samples were submitted to PCR for 

amplification of the mammalian cytochrome B gene,(23) which amplifies a 350 bp 

fragment in Neotropical primates (data not shown). 

The molecular diagnosis was performed by Nested-PCR targeting the 18S SSU rRNA 

or the mitochondrial coxI gene. The Nested-PCR reactions targeting the 18S SSU used 

the protocol and primers described by Snounou et al. for diagnosis of Plasmodium species 

infecting humans.(24) The primers described for P. malariae were employed to identify P. 

brasilianum infection in NWPs and the primers for P. vivax were used to identify P. 

simium infection in NWPs, because those primers do not discriminate among these two 

pairs of Plasmodium species. Briefly, the reactions were performed in a 20µL volume 

using: 100-200 ng of DNA, 0.25 μM of each of the primers, 10 μL of Master Mix 

(PROMEGA- 0.3U Taq DNA Polymerase, 200 μM each of dNTPs and 1.5 mM MgCl2). 

Amplifications were performed on the PTC-100 automatic thermocycler Version 7.0 (MJ 

Research Inc, Watertown, MA, USA) and the cycling conditions were, for the first 

reaction: a cycle of 95°C for five minutes, 24 cycles of 58°C for two minutes, 72°C for 

two minutes, and 94°C for one minute, followed by a final cycling of 58°C for two 

minutes, and 72°C for five minutes, and 4°C for unlimited time. The second reaction was 

performed under the same conditions, but with 29 cycles, using 1.0 μL of the amplified 

product of the first reaction as template DNA. 

The differential diagnosis of P. simium in relation to P. vivax was based on the Nested-

PCR of a coxI gene fragment and subsequent enzymatic digestion, using primers and 

protocol described by Alvarenga et al.(25) Briefly, the first reaction was performed in 20 

μL volume containing 0.5 μM of each primer, 2 μL of DNA, 0.2 μL of Taq DNA 

polymerase (5 U/μL) (Invitrogen) 0.2 mM dNTPs, and 1.5 mM MgCl2. PCR assays were 

performed in a thermocycler (Veriti 96 wells, Applied Biosystems) with the following 

cycling parameters: initial denaturation at 94ºC for 2 min, followed by 40 cycles of 

denaturation at 94ºC for 30 sec, annealing at 54°C for 20 sec, extension at 72°C for 30 s, 

followed by a final extension incubation at 72°C for 2 min. The temperature was then 

reduced to 4ºC until the samples were removed. For the second PCR, 1-3 μL of the 

primary product was used as the template. The cycling parameters for the second PCR 

cycle were the same as for the first cycle. Amplified fragments were visualized by 

electrophoresis on 2% agarose gels in 1x TAE buffer (40 mM Tris-acetate, 1 mM EDTA) 
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with 5 μg/mL ethidium bromide (Invitrogen) in a horizontal system (Bio-Rad) at 100V 

for 30 minutes. 

The PCR products (verified by agarose gel electrophoresis) were digested with the 

restriction enzyme HpyCH4III (New England biolabs, Ipswich, MA, USA). Digestion 

was performed in 10 μL containing 0.5 μL of the enzyme (5 U/μL), 1 μL of the enzyme 

buffer, and 2-7 μL of the PCR product according to its intensity in the agarose gel. The 

digestion was incubated at 37°C for 3 hours. The whole products of the digestion and the 

equivalent amount of DNA were visualized in 3% agarose gel electrophoresis and 

examined under a UV transilluminator. 

 

Statistical analysis - The variable distribution was measured by the Kolmogorov 

Smirnov and Shapiro Wilk tests, and analysis of the variables performed using the 

Student's t-test or the Mann-Whitney U test. For the categorical variables, Chi-square test 

or Fisher's exact test was used. For some statistical analyzes only adult and subadult 

individuals were considered, because juvenile showed different parameters.(26) The effect 

size (r) in the categories with statistical difference (p ≤ 0.05) was calculated for the non-

parametric variables, and eta squared (η2) for the parametric variables. The data were 

analyzed in the program SPSS version 23. 

 

Ethical and legal considerations - The study was approved by the Ethical Committee 

on the Use of Animals of the Regional University of Blumenau – FURB, under the 

protocol nº 012/15 and authorized by the System of Authorization and Information in 

Biodiversity - SISBIO nº 43375-6. 

 

RESULTS 

 

The first campaign of monkeys capture occurred from July to December 2015, totaling 

22 days in the field, and 30 captures of 29 different howler monkeys. The second 

campaign was carried out in the period from July to December 2017, totaling 22 days in 

the field, and 19 catches of 11 different howler monkeys. The capture balance in both 

campaigns was 1.1 monkey/day. 

We captured animals of both sexes and of different age groups. In total, 40 individuals 

(21 females and 19 males) were captured (Table 1). Seven howler monkeys were captured 

twice, and one was captured three times, the others were captured only once (Table 2). 
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The total number of captured animals corresponded to 30% of the total population 

estimated for this fragment area.(18)  

The diagnosis of Plasmodium spp. resulted from the combined diagnosis of the two 

molecular methodologies; initially used to identify infection by P. simium/P. vivax and 

by P. brasilianum/P. malariae, and, subsequently, for differential diagnosis of infection 

by P. simium (Table S1, Figure S2). The differential diagnosis between P. brasilianum 

and P. malariae has not been available yet. The prevalence of Plasmodium spp. in the 

captured animals was estimated at 70% (28/40) (Table 1). In 2015, the prevalence was 

75.86% (22/29) and in 2017 the prevalence decreased for 55.6% (10/18), considering only 

different animals in each capture. 

There was no difference in the prevalence of Plasmodium spp. between the sex (Chi-

square test, p=1.00), as well as for the sexes within the adults' age group (Fisher's exact 

test, p=1.00). The prevalence of Plasmodium spp. in non-adults was 83.33% (5/6), only 

one animal was not infected. The prevalence of infection in adults was 67.65% (23/34) 

(Table 1). However, there was no statistical difference between the infection prevalence 

in two age groups (Fischer's exact test, p=0.326). 

For animals captured more than once, it was observed that animals 1, 7 and 9 had the 

same diagnosis in the two captures, however the other monkeys showed distinct diagnosis 

at different times (Table 2). The animal 8, the only one caught 3 times, presented positive 

diagnosis for P. simium in 2015 (sample 9), in the first capture of 2017 presented mixed 

infection (sample 39), and in its last capture (2 months later) (sample 42) it was positive 

for P. simium again. Animal 10 in 2015 was positive for P. simium (sample 11) and it was 

negative for Plasmodium spp. infection in 2017 (sample 40). Animals 12 and 20 were 

diagnosed with P. brasilianum/P. malariae (samples 13 and 21), and in 2017 were 

positives for P. simium (samples 48 and 44). Animal 17, in 2015, was diagnosed as 

negative (sample 18), and, in 2017, positive for P. simium (sample 34). 

Females and males presented body weight of 3.91 kg (± 0.90) and 5.23 kg (± 0.73), 

respectively. This analysis was based only in adults and subadults, excluding juveniles, 

because they presented weight significantly lower (Student's t-test, p=0.003). The mean 

of the clinical parameters evaluated was: rectal temperature - 37.37°C (± 1.65); heart rate 

- 154.96 bpm (± 27.40) and respiratory rate - 21.41 breaths per minute (± 7.23). Upon 

palpation, two howler monkeys presented splenomegaly, animal 6 and 20 (sample 44) 

(Table S1). All monkeys had normally colored mucosa and normal hydration. There were 

no statistical differences for weight and for all morphometric measures evaluated, when 
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comparing infected and uninfected males, and infected and uninfected females (Table 

S2). 

For the statistical analyzes of hematological (Table 3) and biochemical (Table 4) 

parameters comparing infected and uninfected animals, only adults and subadults were 

considered (n = 34), because juveniles (n = 6) showed some values significantly lower 

(hemoglobin - Student's t-test, p <0.001; hematocrit - Student's t-test, p=0.015; monocytes 

– Mann-Whitney U test, p=0.045; urea - Student's t-test, p=0.015). 

The infected howler monkeys presented higher mean lymphocyte values (p=0.010, 

r=0.46), and ALT (p=0.003, η2=0.26) and AST levels (p=0.037, r=0.35). Analyzing the 

samples by sex, females infected with Plasmodium spp. presented the higher mean 

lymphocyte values (Mann-Whitney U test, p=0.014), and ALT levels (Student's t-test, 

p=0.003) comparing to non-infected females. Infected males presented a lower mean 

albumin level (Student's t-test, p=0.049), and higher levels of the ALT (Student's t-test, 

p=0.046) compared to non-infected males. 

There was no difference in any of the hematological values of howler monkeys among 

those who had only one Plasmodium species (P. simium or P. brasilianum/P. malariae) 

(n = 10) and those with mixed infection (n = 12). However, for the biochemical 

parameters, animals with mixed infection had lower values of total proteins (Student's t-

test, p=0.023), and higher levels of the enzyme ALT (Student's t-test, p=0.019) than those 

with only one parasite species. 

 

DISCUSSION 

 

Plasmodium brasilianum has been described as able to infect NHPs in the Amazon 

and Atlantic Forest biomes, in Brazil.(4,13-16,27) This species infects naturally a wide range 

of Neotropical primates, including species from all families of New World primates.(4,27) 

This parasite is widely diffused from Central America to the South of Brazil, and has been 

described in Mexico, Panama, Costa Rica, Venezuela, Colombia, French Guiana, Peru, 

and Brazil.(28-33) 

Plasmodium simium is restricted to the Atlantic Forest in southern and southeastern 

Brazil, where it has been reported in Espírito Santo, Rio de Janeiro, São Paulo, Santa 

Catarina and Rio Grande do Sul States.(4,13-16) Thus far, Alouatta caraya, Alouatta 

guariba, Brachyteles arachnoides, Cacajao melanocephalus, Callicebus nigrifrons, 
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Cebus spp., Sapajus robustus, and Sapajus xanthosternos species were diagnosed with 

natural P. simium infection. (4,13,15,25,34) 

The prevalence of Plasmodium spp. infection in NHP observed in the present study 

was the greatest one found in the literature for species of New World primate. However, 

it should be considered that the methodologies used in the studies were different, since 

only in 2007 the molecular methods were introduced for the diagnosis of the infection by 

Plasmodium spp. in non-human primates.(35) Furthermore, we have also observed a high 

rate of mixed infection. In accordance with other studies in the Atlantic forest,(14,16) we 

identified the prevalence of P. simium infection (22.5%) higher than by P. brasilianum 

(7.5%).  

The rate of Plasmodium spp. infection in howler monkeys varies according to 

geographical region, and, as previously discussed, the diagnosis method. Deane in 1964 

identified, by optical microscopy, 35% of infection in São Paulo State.(36) Duarte et al. 

identified an infection rate of 11.3% positive for Plasmodium spp. in the same state.(13) In 

the metropolitan area of São Paulo, Yamasaki et al., using PCR, found 18% positivity for 

P. simium/P. vivax in howler monkeys and 4% for P. brasilianum/P. malariae.(14) In the 

state of Espírito Santo, Cerutti-Júnior found two positives for Plasmodium spp., in 5 

howler monkeys (Alouatta clamitans), being one free-living, and one captive.(35) In the 

state of Rio Grande do Sul, it was observed 14.5% of natural infection by Plasmodium 

spp. in 55 howler monkeys.(37) In the same study, Deane and Neto described that the 

highest prevalence in the state was identified in the municipality of Guaíba (57.1%), 

through the thick and thin blood smear method. Additionally, two other animals presented 

malarial pigment in the spleen, suggestive of malaria.(37)   

The first record of primates infected with Plasmodium spp. in Santa Catarina indicated 

that 38.5% of the howler monkeys were infected in Joinville.(38) Deane in 1992 reported 

46% of the primates were infected with malaria parasites in the neighborhood of 

Joinville.(4) Costa et al.(16) studied 65 howler monkeys (Alouatta clamitans) from the 

municipality of Indaial, also in Santa Catarina State, and the positivity rate for P. simium 

was of 35% (7/20) for free-living NHPs, and 4.4% for captive howler monkeys.(16) In this 

study, P. brasilianum was not identified, which differs from the present study. 

The high prevalence found in Joinville can be attributed to the forest formation of the 

region. The dense ombrophilous lowland forest is characterized by the presence of large 

numbers of bromeliads,(19) plants that accumulate water and function as natural breeding 

grounds for anopheline species, which are responsible for the parasite transmission.(39) 
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In the howler monkeys sampled at different times we observed three different patterns: 

(i) the diagnosed infection was with the same Plasmodium species in all samples (animals 

1, 7, and 9); (ii) infection was negative at one time and positive at another (animals 10, 

and 17); and (iii) the infection was diagnosed with different species (animals 8, 12, and 

20). In the first group, the samples with the same diagnosis of infection had intervals of 

1 month (animal 1) and 2 years (animal 9), which may suggest a chronic infection, as 

suggested by Deane(36) and Erkenswick et al.(33)  However, in order to confirm this 

hypothesis, it is necessary to show that the parasites are genetically identical at the 

different periods. In relation to the second group, one of the animals became infected 

between 2015 and 2017 (animal 17), the other animal became negative, which may be 

due to self-cure, already described for P. simium.(36)  In the third group, the diagnosis 

varied from one sample to another, which might be an artifact of the diagnosis that 

sometimes does not detect the mixed infection, or temporary infections that are self-cured 

and the animals reinfect with another species of Plasmodium. The hypothesis that some 

infections are not diagnosed due to low parasitemias should be considered, because 

according to Snounou et al., 10 parasites/μL of blood may be detected in a conservative 

manner.(24) Nevertheless, in the detection of P. simium through the technique described 

by Alvarenga et al., the test is able to identify up to 3.12 parasites/μL in the sample.(25) 

There is also the possibility that, at the sampling time, the blood aliquot used for the test 

was not likely to seize the parasite in the circulation because of little number of parasites, 

as suggested by Hofmann et al.(40) 

Deane reported that infection in howler monkeys was more frequent in adults than in 

young animals that differed from our findings, in which the frequency was higher in 

juveniles, although differences were not statistically significant.(38) However, the number 

of juveniles sampled was low in comparison to that of adults, due to the preference for 

the capture of the adult animals, in order to avoid possible lesions in the howler monkeys 

with lower weight, and smaller size. The females presented the value of the body weight 

below the average found for the species; nonetheless, there was no correlation with the 

presence of the infection. Amidst the animals that presented splenomegaly upon 

abdominal palpation, one was negative for Plasmodium spp. infection and the other was 

infected with P. simium. Splenomegaly is a fairly common finding in patients with 

malaria. It has been described in P. vivax, P. malariae and P. ovale infections in 

humans.(41) 
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Regarding the morphometric measurements, no differences were observed between 

infected and uninfected males, and infected and uninfected females, which may suggest 

that the infection does not interfere with these animal’s body features. 

Our results indicate an increase in lymphocytes in the blood of howlers infected with 

Plasmodium spp. Lymphocyte augmentation has already been reported in splenectomized 

common marmosets (Callithrix jacchus) infected in laboratory with P. brasilianum.(42) In 

general, human patients infected with P. vivax tend to present a significantly lower 

number in lymphocyte counts.(43) However, our results agreed with other authors such as 

Lacerda et al.,(44) in which the mean lymphocyte count was elevated in 29.6% of patients 

with P. vivax infection from Brazilian endemic area.  

The augmented levels of the hepatic enzymes ALT and AST showed by infected 

howler monkeys corroborate the unique report of an animal of the same species (Alouatta 

g. clamitans) with symptoms suggestive of malaria.(16) Abnormalities in liver function 

have been reported in patients infected with P. falciparum.(45) Hepatic enzyme alterations 

have also been identified in infections by other Plasmodium species (P. vivax, P. malariae 

and P. ovale), however, generally without significant clinical complications.(41,43) Alanine 

transaminase is considered the most important specific liver enzyme. In our present work, 

ALT was elevated in all analyzes, either comparing infected versus uninfected or in the 

subdivisions comparing only females or males and, it was also higher monkeys with 

mixed infections compared to infection with a single parasite species. These data suggest 

that Plasmodium spp. infection results in hepatic impairment in NWPs. Despite the 

significant ALT findings in the different analyzes, their calculated effect size was low, 

which may be due to our reduced sample number. Further studies are necessary with 

probabilistic sampling to confirm the result. While the AST and lymphocyte parameters 

displayed a medium effect size, that is, in addition to the statistical difference in infected 

howler monkeys, both parameters had a more prominent effect on the population. 

Among infected males, a low albumin levels was observed, which also corroborates 

the report by Costa et al.,(16) where howler monkeys with symptoms suggestive of malaria 

presented hypoalbuminemia. This low levels may be a consequence of its uptake and 

degradation by the parasites during intraerythrocytic growth, and differentiation.(46-47) It 

is also possible that the cause is the decrease in the synthesis of albumin by the liver, due 

to hepatic commitment because of the hepatocytes degradation caused by the presence of 

parasites.(48) The low total proteins values in animals with mixed infection, when 

compared to the animals with only one Plasmodium species infection, might reinforce the 
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suggestion that the infection might cause insufficiency in proteins synthesis due to 

possible hepatic damage. Furthermore, it suggested that the howler monkeys with mixed 

infection are under a greater challenge to maintain homeostasis because of the additive 

effect of the presence of the two species of parasites. 

It is not yet known whether under natural conditions NWPs infected by Plasmodium 

spp. may develop malaria. The studies that characterize the clinical features of malaria in 

howler monkeys were all performed after experimental infection in splenectomized 

animals.(2) One of the few descriptions of clinical signs and hematological changes 

resulting from Plasmodium natural infection in NWPs was performed by Costa et al.(16) 

The infection by P. simium in neotropical primates is subpatent, chronic, and usually 

asymptomatic, probably due to an action of the immune system controlling the 

parasitemia, and consequently avoiding the changes resulting from the infection. This 

probable action would explain why naturally infected howler monkeys may show clinical 

signs of malaria when they are under stress conditions.(16) In the animals that underwent 

the experimental splenectomy, it was observed that infection by Plasmodium spp. may 

cause weakness, fever, anemia, jaundice, and renal failure.(36) Natural infection by P. 

simium is characterized by low parasitemia, however, after splenectomy; parasitemia 

increases.(36) Most of the time, the infection is self-controlled after a few weeks, in some 

cases, the animals evolved to death due to the increase of the parasitemia. The symptoms 

observed in naturally infected howler monkeys were similar to those resulting from 

experimental infections.(36) 

The impact and the natural interaction between the parasite Plasmodium spp. and the 

host NHP are not yet fully known. With this study, it was possible to observe that, 

although the howler monkeys were asymptomatic, there were alterations in the 

hematological and biochemical parameters in the infected monkeys, which may have an 

impact on the health of the animals, mainly due to possible interactions that may generate 

some stress to these animals.(16) 

It is also necessary to evaluate the risks in the translocation of primates for the 

diagnosis of the infection by Plasmodium spp., predicted by Normative Instruction 

number 179 of the Brazilian Institute of Environment and Natural Renewable Resources 

(IBAMA, www.icmbio.gov.br), because it may qualify as a threaten, by the introduction 

of a new pathogen, to the survival of species endangered with extinction,(48) for both 

translocated animals and local animals, as well as the risk for the human population in the 

region where anophelines are present. 
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The presence of high prevalence of Plasmodium spp. in NWPs, in addition to the 

presence of large quantities of bromeliads in the forest region,(19) plants that accumulate 

water and function as natural breeding grounds for vectors, constitute a worrying eco-

epidemiological scenario of malaria in the region.  The growth of contact between the 

human host and forest areas, mainly through ecotourism, increases the potential for 

autochthonous cases of human malaria in the municipality.(50) Therefore, it is required a 

more accurate epidemiological surveillance in the Atlantic Forest areas, with specific 

strategies for zoonotic malaria.  
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TABLE 1 

Infection by Plasmodium spp. in captured Southern brown howler monkeys (Alouatta g. 

clamitans) from Joinville, SC 

Molecular diagnosis of 

Plasmodium infectiona 

Sex Age Group 
Total 

Female Male Adults Non-adults 

n % n % n % n % n % 

P. simium 5 23.81 4 21.05 8 23.53 1 16.67 9 22.50 

P. brasilianum 

/P. malariae 
1 4.76 2 10.53 1 2.94 2 33.33 3 7.50 

Mixed infectionb 8 38.10 8 42.11 14 41.18 2 33.33 16 40.00 

Negative 7 33.33 5 26.32 11 32.35 1 16.67 12 30.00 

Total of positives 14 66.67 14 73.68 23 67.65 5 83.33 28 70.00 

Total 21  19  34  6  40  

a Results of combined diagnosis by Nested-PCR for ribosomal and mitochondrial target; bInfection by P. 

simium and P. brasilianum/P. malariae.   
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TABLE 2 

Infection by Plasmodium spp. in re-captured free-living Southern brown howler monkeys (Alouatta g. 

clamitans) in Joinville/SC 

Groupa Animal Sexb Agec Sample Dated Infectione Sample Dated Infectione Sample Dated Infectione 

(i) 1 F A 1 07/07/2015 Mixed 7 15/08/2015 Mixed 
   

(i) 7 F A 8 15/08/2015 Neg 47 07/12/2017 Neg 
   

(i) 9 M A 10 17/08/2015 Pb/Pm 38 05/08/2017 Pb/Pm 
   

(ii) 10 F S 11 18/09/2015 Ps 40 01/09/2017 Neg 
   

(ii) 17 M A 18 17/10/2015 Neg 34 12/07/2017 Ps 
   

(iii) 12 M A 13 19/09/2015 Pb/Pm 48 08/12/2017 Ps 
   

(iii) 17 M A 18 17/10/2015 Neg 34 12/07/2017 Ps 
   

(iii) 20 M J 21 27/11/2015 Pb/Pm 44 11/11/2017 Ps 
   

(iii) 8 M A 9 16/08/2015 Ps 39 06/08/2017 Mixed 42 06/10/2017 Ps 

 a(i) The diagnosed infection was with the same Plasmodium species in all samples; (ii) infection was negative at one time and positive at another; and (iii) 

the infection was diagnosed with different species at different times of blood collection. bF = female; M = male; cAge estimated according to Carpenter, 

1965: A = adult; S = subadult; J = juvenile; dSample collection date; eMixed = mixed infection (P. simium + P. brasilianum/P. malariae); Pb/Pm = P. 

brasilianum/P. malariae; Ps = P. simium; Neg = negative. 
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TABLE 3 

Hematological parameters of the free-living Southern brown howler monkeys (Alouatta g. clamitans), 

infected and uninfected by Plasmodium spp. 

Hematological parameters 
Infected Uninfected 

pa 
n Mean SD n Mean SD 

Erythrocytes (x106/µL) 22 4.74 0.67 12 4.56 0.65 0.464 

Hemoglobin (g/µL) 22 9.93 1.51 12 9.92 1.23 0.975 

Hematocrit (%) 22 33.35 4.22 12 32.96 3.86 0.787 

Mean Corpuscular Hemoglobin Concentration (g/µL) 22 29.70 1.77 12 30.11 1.78 0.533 

Mean Corpuscular Volume (fL) 22 70.59 4.16 12 72.72 6.36 0.312 

Mean Corpuscular Hemoglobin (pg) 22 20.98 1.90 12 21.97 3.13 0.331 

Platelets (x10³/µL) 22 57.86 34.39 12 76.33 50.53 0.274 

Leucocytes (x10³/µL) 22 6.43 2.66 12 6.02 2.36 0.647 

Neutrophils (x10³/µL) 22 3.23 0.46 12 3.44 0.40 0.270 

Band Cells (x10³/µL) 22 0.19 0.06 12 0.23 0.06 0.320 

Eosinophils (x10³/µL) 22 0.14 0.04 12 0.16 0.05 0.557 

Lymphocytes (x10³/µL)b 22 2.80 0.48 12 1.76 0.29 0.010 

Monocytes (x10³/µL) 22 0.12 0.03 12 0.10 0.03 0.423 
aMann-Whitney U Test, comparing infected and uninfected animals, p ≤0.05 (significants in bold); bSignificantly higher in infected 

females compared to infected males (p=0.014). In this analysis, we only included adults and subadults. SD= standard deviation. 
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TABLE 4 

Biochemical parameters of free-living Southern brown howler monkeys (Alouatta g. clamitans), 

infected and uninfected by Plasmodium spp. 

Biochemical Parameters Infected Uninfected pa 
n Mean SD n Mean SD 

Glucose (mg/dL) 22 75.04 26.97 12 67.62 20.51 0.345 

Cholesterol (mg/dL) 22 80.91 29.88 12 101.55 46.80 0.110 

Triglycerides (mg/dL) 22 122.04 51.26 12 126.28 77.56 0.631 

Total Proteins (g/dL)b 22 7.25 1.31 12 7.77 0.75 0.216 

Albumin (g/dL)c 22 3.62 0.96 12 4.14 0.87 0.125 

Urea (mg/dL) 22 36.48 21.90 12 29.24 15.24 0.268 

ALT (UI/L)d 22 26.28 13.00 12 12.57 7.55 0.003 

GGT (UI/L) 22 50.75 17.76 12 44.26 20.80 0.372 

CK (UI/L) 22 556.02 388.03 12 575.16 225.75 0.877 

Creatinine (mg/dL) 22 0.99 0.45 12 0.80 0.27 0.444 

AST (UI/L) 22 112.24 66.89 12 86.47 56.79 0.037 

FA (UI/L) 22 163.25 52.35 12 150.87 42.28 0.461 

LDH (UI/L) 17 644.20 424.95 7 491.07 286.71 0.318 

Iron (mmol/L) 12 57.25 47.25 7 48.03 63.14 0.650 

Albumin/globulin ratio 22 1.05 0.35 12 1.22 0.53 0.562 
aStudent's T-test and Mann-Whitney U test, comparing infected and uninfected animals, p≤0.05 

(significants are in bold); bSignificantly lower in animals with mixed infection (P. simium and 

P. brasilianum/P. malariae) compared to those infected with only one species of Plasmodium 

(p=0.023); cSignificantly lower in infected males than in infected females (p=0.049); 
dSignificantly higher in infected females compared to infected males (p=0.003) and in animals 

with mixed infection (P. simium and P. brasilianum/P. malariae) compared to those infected 

with only one species of Plasmodium (p=0.019). In this analysis, only adults and subadults were 

included. SD=standard deviation. 
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Figure 1: Location of the fragment of Ombrophilous Dense Lowland Forest and the captured free-living Southern brown howler monkey, in the 

city of Joinville, Santa Catarina, Brazil. NEA: laboratory. 
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SUPPLEMENTARY MATERIAL 

TABLE S1 

Results from the distinct diagnostics of infection by Plasmodium spp. of the captured 

free-living Southern brown howler monkeys (Alouatta g. clamitans), by the year of 

capture 

 Animal number Year  Sample  Diagnosis 1a Diagnosis 2b Final combined Resultc 

 1 2015 1 Pm Ps, NPs mixed 

 2 2 Pv, Pm Ps   mixed 

 3 3 Pv, Pm Ps, NPs mixed 

 4 4 Pm Ps, NPs mixed 

 5 5 Pv, Pm Ps   mixed 

 6 6 Neg Neg Neg 

 1 7 Pv, Pm Ps mixed 

 7 8 Neg Neg Neg 

 8 9 Pv Ps Ps 

 9 10 Pm Neg Pb/Pm 

 10 11 Pv Ps Ps 

 11 12 Neg Neg Neg 

 12 13 Pm Neg Pb/Pm 

 13 14 Pv, Pm Ps mixed 

 14 15 Pv Ps Ps 

 15 16 Neg Neg Neg 

 16 17 Pv, Pm NAd mixed 

 17 18 Neg Neg Neg 

 18 19 Neg  Neg Neg 

 19 20 Pv Ps Ps 

 20 21 Pm NAd Pb/Pm 

 21 22 Pv Ps Ps 

 22 23 Neg Neg Neg 

 23 24 Pm NAd Pb/Pm 

 24 25 Pv Ps Ps 

 25 26 Pv, Pm Ps mixed 

 26 27 Pv, Pm Ps mixed 

 27 28 Pv, Pm Neg mixed 

 28 29 Pv, Pm Ps mixed 

 29 30 Pm NPs Pb/Pm 

 30 2017 31 Neg Ps   Ps   

 31 32 Neg Ps Ps 

 32 33 Neg Ps Ps 

 17 34 Pv Ps Ps 

 33 35 Neg Neg Neg 

 34 36 Neg Neg Neg 
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 35 37 Neg Neg Neg 

 9 38 Neg NPs Pb/Pm 

 8 39 Neg Ps, NPs mixed 

 10 40 Neg NAd Neg 

 36 41 Neg NAd Neg 

 8 42 Pv Ps Ps 

 37 43 Pv, Pm Ps mixed 

 20 44 Neg Ps Ps 

 38 45 Neg Neg Neg 

 39 46 Neg Neg Neg 

 7 47 Neg NAd Neg 

 12 48 Pv Ps Ps 

 40 49 Pm Ps, NPs mixed 
aPositive diagnostic by Nested-PCR based on the 18S SSU rRNA (Snounou et al., 1993) using primers for Plasmodium 

vivax (Pv) or P. malariae (Pm) or negative (Neg); bDifferential diagnostics between P. simium (Ps) and other 

Plasmodium species (NPs) based on the amplification by Nested-PCR of the coxI gene and digestion with HpyCH4III 

(Alvarenga et al., 2018), Neg – negative in the amplification; cThe final result was based on the combination of the 

results from both diagnostic methodologies and also for samples of the same animals. Animals 8, 12 and 20 were 

considered as presenting mixed infections and animals 10 e 17 were considered infected by P. simium. Mixed = 

Plasmodium simium + P. brasilianum/P. malariae; Pb/Pm = Plasmodium brasilianum/P. malariae; Ps = Plasmodium 

simium; Neg = negative. NA – Not amplified by PCR. 

  



58 

 

TABLE S2 

Morphometric parameters of free-living Southern brown howler monkeys (Alouatta g. clamitans), according 

to sex and infection by Plasmodium spp. 

Morphometric parameter 

Female 

p 

Male 

p Infected Uninfected Infected Uninfected 

n Mean SD n Mean SD n Mean SD n Mean SD 

1 - Head-tail length 11 46.00 3.61 7 47.43 3.64 0.430 11 52.91 4.11 5 52.80 2.59 0.950 

2 - Tail 11 51.00 2.37 7 52.57 4.79 0.364 11 55.36 4.18 5 54.70 1.98 0.673 

3 - Head width 11 5.74 0.34 7 5.97 0.43 0.263 11 6.55 0.50 5 6.66 0.31 0.587 

4 - Face 11 5.73 0.42 7 5.57 0.28 0.35 11 6.73 0.51 5 6.82 0.51 0.745 

10a - Ear width 11 2.29 0.51 7 2.14 0.48 0.375 11 2.45 0.58 5 2.22 0.16 1.000 

10b - Ear length 11 2.94 0.39 7 2.94 0.39 0.973 11 2.85 0.60 5 3.20 0.07 0.441 

12 - Forearm length 11 14.15 0.81 7 14.86 0.90 0.115 11 16.00 0.89 5 16.30 0.84 0.583 

13 - Arm 11 14.54 0.78 7 14.57 1.40 0.791 11 16.14 0.84 5 16.70 1.30 0.412 

15 - Arm circumference 11 11.09 1.11 7 11.21 0.91 0.724 11 13.23 1.60 5 14.20 2.28 0.422 

14 - Hand 11 9.67 2.92 7 10.79 0.95 0.536 11 11.64 0.50 5 11.60 0.42 0.827 

16 - Thigh 11 14.83 0.72 7 15.43 0.77 0.479 11 16.70 1.30 5 16.32 1.10 0.588 

19 - Thigh circumference 11 14.36 1.21 7 15.14 1.07 0.179 11 16.77 1.84 5 16.80 1.30 0.827 

17 - Leg from knee to heel 11 14.60 0.77 7 15.07 1.17 0.479 11 16.23 0.93 5 16.40 0.89 0.827 

18 - Foot 11 12.86 0.50 7 13.07 0.79 0.659 11 14.09 0.49 5 14.20 0.57 0.743 

A - Scrotum Length 11 2.66 0.49 7 2.46 0.46 0.384 11 3.00 0.55 5 2.56 0.59 0.201 

B - Scrotum Width 11 2.26 0.47 7 2.21 0.27 0.781 11 2.38 0.48 5 2.70 0.75 0.421 

11 - Thorax circumference 11 31.59 3.74 7 32.57 3.05 0.552 11 36.13 3.19 5 36.60 0.55 0.756 

n=absolute number. we included only adults and subadults. SD= standard deviation. 
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Figure S1: Schematic drawing of NHP morphometric parameters. Font: Bugio Project. 
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Figure S2: Representative diagnostic of Plasmodium species infection of some of the non-human free-living primates 

captured in Joinville. (A) Diagnostic by Nested-PCR (18S SSU rRNA) according to Snounou et al. 1993 of five 

samples: sample 7 (animal 1), sample 8 (animal 7), sample 9 (animal 8), sample 13 (animal 12) and sample 14 (animal 

13). (B) Nested-PCR RFLP diagnostic of three samples: sample 2 (animal 2), sample 3 (animal 3) and sample 4 (animal 

4). PC Pf - Positive control for P. falciparum. PC Pv - Positive control for P. vivax. PC Pm -- Positive control for P. 

malariae. PC Ps - Positive control for P. simian. NC - negative control. D - after digestion with the HpyCH4III enzyme. 

ND - non digested amplified product. 
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ANEXOS 

Anexo 01 - Atestado de aceitação do protocolo sob número 012/15 pelo Comitê de Ética no Uso 

de Animais – CEUA da FURB. 
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Anexo 02 - Autorização do Sistema de Autorização e Informação em Biodiversidade – SISBIO 

nº 43375-6. 
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