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RESUMO

Dissertacdo de Mestrado
Programa de Pés-Graduacgdo em Bioexperimentacéo
Universidade de Passo Fundo

ANGIOSTRONGILIASE ABDOMINAL: RESPOSTA INFLAMATORIA TECIDUAL E
HEMATOLOGICA EM CAMUNDONGOS SWISS.
Autor: José Roberto da Silva Filho
Orientador: Maria Isabel Botelho Vieira
Passo Fundo, julho de 2016.

O Angiostrongylus costaricensis causa uma doenga clinica e anatomopatologica denominada
angiostrongiliase abdominal e a regido Sul do Brasil ¢ considerada endémica para esta patologia.
Os objetivos do presente trabalho foram avaliar a resposta imune dos camundongos através da
dosagem das citocinas e células pro-inflamatorias e avaliagdo macro e microscopica das lesdes em
animais infectados. O experimento foi conduzido com 4 grupos de camundongos Swiss machos,
infectados, constituido cada grupo de 5 animais; o grupo controle ndo infectado também foi
composto com 5 animais, € 0s mesmos foram acompanhados por 21 dias, periodo onde se da inicio
os sinais clinicos. Nos infectados foram administradas 10 larvas de terceiro estadio de A.
costaricensis. Durante o periodo experimental nos dias 3, 7, 14 e 21 foram colhidos sangue através
de puncdo intracardiaca dos grupos infectados e feita a eutandsia nos respectivos dias. Os animais
do grupo controle foram eutanasiados no dia 3. Os exames laboratoriais, tais como hemograma
que foi usado como parametro para avaliar as células sanguineas; citometria de fluxo usada para
determinar e quantificar a presenca de citocinas no soro e relacionar com o processo inflamatorio;
alteracdes anatopatologica para identificar as lesdes macro e microscopicas. O conjunto de
informagdes obtidas pela citometria de fluxo e histopatologia evidenciam que o processo
inflamatdério nos camundongos infectados foi observado a partir do 14° dia. No diagnostico
anatomopatologico a avaliacdo macroscopica do figado, pulmao, bago, rim e intestino ndo mostrou
alteracdes. Na histopatologia foram observadas reacdes eosinofilicas e/ou inflamagao no figado,
baco e intestino (10/20); granuloma na parede intestinal (1/20) em camundongos infectados. A
partir dos resultados obtidos neste experimento ficou evidenciado que o processo inflamatdrio dos
camundongos infectados foi observado na fase inicial o que pode ser sugerido pelo aumento das
citocinas pro-inflamatorias a partir do 14 © dia. Na histopatologia foram observados no 14° dia
infiltrado eosinofilico intestinal e hepatica em 75% dos animais. No 21° dia ocorreu o aumento das
interleucinas (IL-12p70, IL-6, IL-10, MCP-1, TNF-a e INF-x), concomitantemente, 100% dos
animais apresentaram infiltrado eosinofilico intestinal e hepatico. Estes resultados permitem
concluir que a compreensao dos mecanismos que envolvem o processo inflamatorio através da
cinética de citocinas estdo relacionados com a defesa contra o patogeno.

Palavras chaves: Angiostrongiliase abdominal, Hemograma, Citometria de fluxo, Interleucinas,
Histopatologia.
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ABSTRACT

Master’s Dissertation
Programa de P6s-Graduacao em Bioexperimentacao
Universidade de Passo Fundo

ANGIOSTRONGILIASE ABDOMINAL: RESPONSE INFLAMMATORY AND TISSUE
HAEMATOLOGICAL IN MICE SWISS.
Autor: José Roberto da Silva Filho
Orientador: Maria Isabel Botelho Vieira
Passo Fundo, julho de 2016.

Angiostrongylus costaricensis causes a clinical and anatomopathologic entity named abdominal
angiostrongyliasis, and the southern region of Brazil is considered endemic for this pathology. This
work aimed to assess the immune response of mice by measuring cytokines and pro-inflammatory
cells, and by macro- and microscopic assessment of the lesions of infected animals. The experiment
was conducted with 4 groups of infected male Swiss mice, whereas each group had 5 animals; the
uninfected control group also consisted of 5 animals and had a 21-day follow-up. Infected animals
received 10 third-stage larvae of A. costaricensis. During the experimental period, blood was
collected from infected groups at days 3, 7, 14, and 21 through intracardiac puncture, and
euthanasia was performed in the respective days. The animals of the control group were euthanized
at day 3. Laboratory examinations such as complete blood count were used as assessment
parameter of blood cells, and flow cytometry was used to determine and quantify the presence of
serum cytokines and to relate the inflammatory process. No significant changes were observed in
the complete blood count, and flow cytometry showed an increase in interleukins assessed from
day 14. In the anatomopathological diagnosis, the macroscopic assessment of liver, lung, spleen,
kidney, and intestine showed no changes. Histopathology showed eosinophilic reactions and/or
inflammation in liver, spleen, and intestine (10/20); also granuloma in the intestine wall (1/20) of
infected mice. The set of information obtained in this experiment proves that the inflammatory
process of infected mice was observed at its initial stage, which may be suggested by complete
blood count results. At day 14, histopathology showed intestinal and hepatic eosinophilia in 75%
of animals. Interleukins (IL-12p70, IL-6, IL-10, MCP-1, TNF-a, and INF-¥) increased at day 21,
concomitantly 100% of animals presented intestinal and hepatic eosinophilia. These results allow
concluding that understanding mechanisms involving the inflammatory process through cytokines
kinetics is related to pathogen defense.

Keywords: Abdominal angiostrongyliasis, Complete Blood Count, Flow Cytometry, Interleukins,
Histopathology.
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1. INTRODUCAO

O convivio de boa parte dos moradores de regides rurais com animais € 0 campo,
sdo situagdes normais e inevitdveis em nosso pais. Ambientes como sitios e fazendas
sdo comuns possuirem pequenas hortas para o consumo proprio e de vizinhos. Situagdes
que muitas vezes sao negligenciadas por falta de informacdes e a falta de higiene com
os alimentos que sdo consumidos e podem ser importantes fontes de infec¢ao para
diversos patogenos. Algumas espécies de moluscos sdo exodticas e invasoras
disseminando parasitos, tais como o Angiostrongylus costaricensis (1).

O A. costaricensis pertence ao filo Nematoda, classe Chromadorea, ordem
Rhabditida, subordem Strongylida, superfamilia Metastrongyloidea, familia
Angiostrongylidae.

Roedores silvestres sdo reservatorios de diversos parasitos, incluindo o A.
costaricensis responsavel pela angiostrongiliase abdominal (AA) (2). A mesma tem
adquirido um papel importante para os profissionais da saude na regido Sul do Brasil
(3), desafiando no que diz respeito a varios pontos importantes, tais como:
endemicidade, compreensao da fisiopatologia do parasito, aspectos epidemioldgicos
relacionados aos hospedeiros intermediarios e definitivos e quanto ao desenvolvimento
do ciclo bioldgico (2, 3).

Além disto, esta doenga nao dispde de tratamentos medicamentosos (4, 5), no
entanto Ishii et al, (1989) avaliaram a eficacia do levamisole em roedores, sugerem que
o levamisol tem efeitos notaveis in vivo contra os estagios larvais de A. costaricensis
(6). Ainda faltam estudos relacionados a fisiopatologia da AA, bem como da resposta
inflamatéria desenvolvida pelo parasito e a resposta imune dos camundongos
heterogénicos acometidos (4).

A dissertacdo compreende, além de uma breve introdugdo, revisao
bibliografica sobre o A. costaricensis, e um capitulo no formato de artigo cientifico
intitulado  ‘Angiostrongiliase abdominal: resposta inflamatoria tecidual e
hematoldgica em camundongos swiss’, que sera submetido ao periddico Parasitology
Research. A parte final da dissertagdo compreende, conclusdes, consideracdes finais e

referéncias bibliograficas.
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2. REVISAO BIBLIOGRAFICA

AA ¢ uma doenca causada por um metastrongilideo denominado A.
costaricensis (7). A doenga foi descrita inicialmente na Costa Rica a partir de 1952,
posteriormente casos semelhantes foram relatados em Honduras (8), México (9),
Venezuela (1, 10), América do Norte (11, 12), Equador (1, 13), Sul e Centro-Oeste do
Brasil (3, 14, 15), Argentina (16) e Europa (17), (Fig. 1).

i Frimeiro relato Costa Rica-(1952)
Regides endémicas para AA

Bcasos aldctones AA

FIGURA 1: Distribui¢do geografica da Angiostrongiliase abdominal
(Fonte: SILVA FILHO, 2016).

O macho mede de 17,4 a 22,2 mm e a fémea, de 28,2 a 42,0 mm (7). A
denominag¢do de AA para a doenga foi para distinguir esta parasitose da angiostrongiliase
meningoencefalica, determinada pelo Angiostrongylus cantonensis (18).

O parasito tem como hospedeiros definitivos os seguintes roedores silvestres:
Sigmodon hispidus, Rattus rattus, Zigodontomys microtinus, Leomys adspersus (8) e
Oligoryzomys nigripes (2), sendo encontrado relatos em outros mamiferos como os
primatas ndo humanos Saguinus mystax (19), Hylobates syndactylus, Aotus nancymaae
(11) nos canideos Nasua narica bullata (20), Procyon lotor e Didelphis virginiana (11).
Os parasitos adultos vivem nas arteriolas mesentéricas dos roedores, onde as fémeas

colocam os ovos que sdo arrastados pela pressdo sanguinea, chegando até a parede
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intestinal, eclodindo e permitindo que as L1 sejam eliminadas com as fezes para o
exterior (1).

No Brasil, o primeiro hospedeiro intermediario identificado foi o molusco
terrestre Phyllocaulis variegatus. Posteriormente, foram identificadas outras espécies
infectadas nos estados do Parana ¢ Rio Grande do Sul: Limax maximus, Bradybaena
similares, Limax flavus (21). Estes dados demonstram uma grande diversidade de
moluscos terrestres que podem ser infectados (21), pertencentes principalmente a familia
Veronicellidae e Philomycidae (2). A infec¢do do hospedeiro intermediario ocorre ao se
alimentar com fezes do roedor infectado com a L1 que evolui até L3. Estas se situam

logo abaixo da pele ou préximas ao ducto excretor das glandulas mucosas (8).

2.1 CICLO DO A. costaricensis

O A. costaricensis pode ser encontrado nas fezes de roedores silvestres como
larvas de primeiro estadio (L1). Estas juntamente com as fezes dos roedores podem ser
ingeridas pelos moluscos que sdo os hospedeiros intermediarios dando continuidade
com as mudas para L2 e L3, fase infectante para os hospedeiros definitivos.

Além disto as L1 podem penetrar ativamente nos moluscos ocorrendo a muda
para L2 e L3 que migra para a epiderme do molusco, podendo ser liberada no muco de
lesmas como larvas de terceiro estadio (L3). Esta tltima fase pode infectar seres
humanos ap0s a ingestao de alimentos contaminados, particularmente verduras (L3), ou

podem ser ingeridas pelo roedor completando o ciclo natural (1) (Fig. 2).
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- Ciclo acidental - Ciclo natural

‘ ‘ [ s e
Causa enterite eosinofilica ; e
‘ (mimetizando apendicite aguda) ‘
Homem: hospedeiro acidental
Humanos néo transmitem
’T’

As L3 sdo ingeridas por
camundongos

Moluscos: hospedeiros intermedidrios
ap6s 2 mudas (3°) estadio infectivo

Humanos se infectam por ingestdo de L3

FIGURA 2: Ciclo acidental e natural do Angiostrongylus costaricensis (Fonte: SILVA FILHO, 2016).

O homem ndo faz parte do ciclo natural da AA, sendo considerado um
hospedeiro acidental. Os parasitos adultos se localizam na luz dos ramos das arteriolas
mesentéricas, principalmente na regido ileocecal, podendo levar a infartos,
pseudotumores ou apendicites agudas. Uma vez nas artérias mesentéricas do homem, o
parasito adulto deposita os ovos, que ficam na parede intestinal, porém, sem sair para a
luz do 6rgdo (7). Mota Lenzi (1995), a fim de elucidar questdes sobre as vias migratorias,
propdem uma passagem pela circulagao cardiopulmonar antes de voltar para as artérias
mesentéricas, assim como ocorre os demais ciclos de outros nematddeos da superfamilia
Metastrongylidoidea (22). O ciclo A. cantonensis difere do anterior pela presenga de
uma via pulmonar para passar da circulacdo linfatica/venosa para o sistema arterial e de

uma via venosa portal (23).

2.2 SINAIS CLINICOS E PATOGENIA

Clinicamente a doenca se manifesta principalmente em criangas, com quadro
de abatimento, palidez, febre, distensdo abdominal, constipagdo, ileo paralitico (3, 24,
25) examinando as caracteristicas macro e microscopicas ¢ possivel localizar um

espessamento da parede intestinal, multiplas ulceras confluentes principalmente na
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regido ileo terminal. Nos ramos arteriais, encontram-se arterite eosinofilicas e

granulomatosa, com trombose, associado a lesdes isquémicas intestinais (17).

2.3 SISTEMA IMUNE

Sistema imune humoral e celular

O sistema imunitario esta envolvido no controle da infec¢ao ativa envolvendo
diferentes mecanismos celulares, nos quais as citocinas desempenham um papel
importante. As citocinas sdo proteinas de baixo peso molecular, que atuam como
mediadores intra e extracelulares envolvidos em muitos processos bioldgicos, tais como
inflamacao, fibrose, a angiogénese, o crescimento das células/proliferagdo e resposta
imunitaria (26). Estudos evidenciam que a infec¢des parasitarias causam um aumento
das citocinas pro-inflamatodrias, ocorrendo um efeito sinérgico entre IL-12p70, IL-6, IL-

10, MCP-1, TNF-q e INF-¥ (27).

2.4 METODOS DE DIAGNOSTICO

Entre os métodos disponiveis para avaliar-se in Vvitro a presenca de moléculas
moduladoras do sistema imunolégico, encontram-se o ELISA, ELISpot (28, 29),
Western Blot (30) e a Citometria de Fluxo (31-33). Esta ultima técnica apresenta
inimeras vantagens com relacdo as anteriores, pois reine em um mesmo protocolo a
possibilidade de avaliar-se um painel completo de molécula pro-inflamatérias, Th1, Th2
ou Th17, com um custo/beneficio muito superior aos outros métodos mencionados (31,
32).

Citometria de fluxo: Capta e digitaliza a dispersao de fotdes, provocada pela passagem
de particulas em suspensdo alinhadas uma a uma, num fluxo laminar, frente a um feixe
de luz. O sistema permite otimizar o fluxo de trabalho com protocolos especificos, pré-
definidos, resultando em ganhos de produtividade, eficiéncia e qualidade analitica
(33).

- Interleucina 12 (IL-12p70) produzida principalmente por macrofagos e células
dendriticas, atuam como citocinas pro-inflamatorias na resposta inata e adaptativa,
atuando na producao de interferon gama por linfécitos T e Natural Killer (NK) (34, 35).
- Interleucina 6 (IL-6) produzida por linfécitos T e macréfagos atuam como citocinas

pro-inflamatorias (36).
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- Interleucina 10 (IL-10) produzida por linfocitos T, é um inibidor de macrofagos
ativados, o que lhe cabe um importante papel no controle homeostatico das reagdes da
imunidade inata (natural, passiva) e imunidade adquirida (adaptativa, ativa) (26).

- Proteina 1 quimiotatica para macrofagos (MCP-1) ¢ uma quimiocina sintetizada pelas
células do endotélio vascular e pelos leucdcitos envolvidos na resposta inflamatéria. Sua
transcricdo elevada, promove a quimioatragdo dos mondcitos para os tecidos que
estejam sofrendo um processo patologico (37).

- Fator de necrose tumoral (TNF) produzida principalmente por macrofagos ativados,
linfocitos T CD4, NK, neutrofilos e mastocitos, atuam em uma vasta gama de a¢des pro-
inflamatorias e € capaz de provocar a morte (apoptose) das c€lulas tumorais (36).

- Interferon (INF) existem trés tipos que sdo classificados de acordo com seus receptores
e as respostas que a ativam. INF-alpha produzido por leucdcitos e fibroblastos que age
principalmente impedindo a replicagdo viral; INF-gama produzido por NK e linfocitos
T que age principalmente ativando NK e macrofagos e estimulando o complexo de
histocompatibilidade; INF-lambda produzida por células dendriticas e mondcitos
responsavel pela potencializacao dos outros INF e modula a atividade dos linfocitos B

(26).

Exames laboratoriais:

- Andlises clinicas: dos exames laboratoriais destaca-se o hemograma com
leucocitose e aumento no numero de eosinodfilos (13). A leucocitose pode variar de
10.000 a 52.000 mm3, e a eosinofilia de 11% a 81% (3). Raramente, observa-se
eosinofilia menor de 10% e leucocitose maior de 50.000 mm3 (38).

- Exame de fezes: Nao sdo observadas larvas em exames coproparasitologicos
dos pacientes, mostrando esta técnica nao ser eficiente (38, 39).

- PCR (Sorologia): A deteccao de acidos nucléicos através da técnica da
reacdo em cadeia da polimerase no soro, tem sido utilizada nos casos em que estruturas
parasitarias nao sao encontradas nos blocos de parafina (5).

- Patologico: O diagnostico definitivo da AA ¢ feito pelo exame

anatomopatologico e biopsias de pegas cirurgicas (39)
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2.5 TRATAMENTO

Nao existe ainda um tratamento medicamentoso reconhecidamente capaz de
controlar o parasito. O uso de drogas anti-helminticas pode agravar as lesdes, em razao
da morte do parasito no interior das artérias (38). O tratamento com anticoagulantes,
como a enoxaparina também nao se mostrou eficiente em relacao a prevengao das lesoes
isquémicas e oObito (5). Experimentalmente foi avaliado levamisole em ratos e
camundongos e os resultados sugerem que o anti-helmintico tem efeitos in vivo contra
os estagios larvais do A.costaricensis (6). No Brasil, temos um grande ntimero de
pacientes assintomaticos com sorologia positiva para A. costaricensis, acredita-se ser
mais comum do que os pacientes com doenca sintomatica, mas nao se sabe ainda qual
seria a predisposicdo entre estes individuos (14). Foi proposta por Strachan (1989), a
Hipotese da Higiene, que sugere que os numeros maiores de infecgdes na infancia,
diminuem a tendéncia para desenvolver doencas alérgicas na idade adulta. Estudos
epidemiologicos acerca da hipdtese da higiene sugerem que individuos com menor
contato com patdgenos € menor estimulo antigénico, relacionado ao estilo de vida

ocidentalizado leva a uma crescente incidéncia de doengas alérgicas e autoimunes (40).
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Abstract

Abdominal angiostrongyliasis is a clinical and pathological disease of extreme importance to man. This
study assessed the profile of proinflammatory cytokines, the evolution of peripheral leukocytes, and gross
and microscopic findings in experimentally infected mice. The experiment was carried out with four groups
of five male Swiss mice infected with 10 L3 of Angiostrongylus costaricensis; the control group also
contained five animals; all the animals were followed up for 21 days. Blood collection and euthanasia were
performed on day 3 in the control group and on days 3, 7, 14, and 21 in the infected group. Complete blood
count was used for the analysis of blood cells and flow cytometry was used for quantification of serum
cytokines. The gross examination of liver, lung, spleen, kidney, and intestine did not reveal any changes.
There were eosinophilic infiltrate in the liver, spleen, and intestine (10/20) and intestinal wall granuloma
(1/20) in infected mice. Eosinophilic infiltrate was observed in the intestine and liver of 75% of the animals
on day 14. A significant increase (p < 0.05) of interleukins (IL-12p70, IL-6, IL-10, MCP-1, TNF-a, and
INF-¥) was found on day 21, when 100% of the animals had intestinal and hepatic eosinophilic infiltrate.
Our findings suggest that the high serum levels of IL-12p70 could be a molecular characteristic of the
infectious process triggered by A. costaricensis, converting this molecule to a potential proinflammatory

marker.

Keywords: Abdominal angiostrongyliasis, Complete blood count, Flow cytometry, Interleukins,

Histopathology
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Introduction

Angiostrongylus costaricensis (Morera and Cespedes 1970) belongs to the phylum Nematoda, class
Chromadorea, order Rhabditida, suborder Strongylida, superfamily Metastrongyloidea, and family
Angiostrongylidae (Ubelaker 1986).

In Brazil, the first intermediate host is Phyllocaulis variegatus, a terrestrial mollusk. Later, other
infected species were identified in the States of Parana and Rio Grande do Sul (Limax maximus,
Bradybaena similares, and Limax flavus); therefore, a wide variety of mollusks can be infected (Graeff-
Teixeira et al. 1989), especially those of the families Veronicellidae and Philomycidae (Graeff-Teixeira
et al. 1990).

Wild rodents are the definitive hosts and also reservoirs for several parasites, including A.
costaricensis, causative agent of abdominal angiostrongyliasis (AA) (Graeff-Teixeira et al. 1990). This
disease has played an important role in southern Brazil (Agostini et al. 1984), since human infection is
characterized by intense inflammatory reaction, harboring most parasite eggs in the tissues, compromising
the release of L1, as occurs in rodents. Inflammation involves the intestine, mainly the ileocecum (Morera
1973). The disease manifests itself clinically with listlessness, pallor, fever, abdominal distension,
constipation, and paralytic ileus (Agostini et al. 1984; Ayala 1987; Ayala et al. 1982).

Experimental studies with small rodents allow characterizing AA in terms of its lifecycle and gross
and microscopic lesions and also allow investigating the immune response (Ishii and Sano 1989).

Previous experiments with helminth infections by Onchocerca volvullus (Hogarth et al. 1995; Lange
et al. 1994), Schistosoma mansoni (Brunet et al. 1998), Taenia crassiceps (Terrazas et al. 1999) or other
intestinal nematodes (Grencis 1997) showed that certain lymphocytes and cytokine production have a
decisive role in the susceptibility or resistance of vertebrate hosts to infection.

The goals of the present study were to assess the immune response of mice by measuring the levels
of cytokines and proinflammatory markers and to evaluate the gross and microscopic characteristics of

the lesions in infected animals.

Materials and methods

All the experiments involving slugs and mice were conducted at the animal research facility of
Universidade de Passo Fundo after approval by the Ethics Committee on Animal Research, protocol

023/2015.

Intermediate hosts

Biomphalaria glabrata slugs were donated by the Laboratory of Parasitology of the Pontificia
Universidade Catolica do Rio Grande do Sul, kept in 15-liter aquariums, at 23 to 27 °C and pH 7, fed

lettuce and fish feed up to the collection of A. costaricensis larvae.
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Harvest of L3 from A. costaricensis

The Baermann’s method is used to harvest living larvae by positive hydrotropism and
thermotropism. In the adaptation of this method, feces were replaced with slugs, which were macerated
by a metal screen placed on a 15-mL conical glass tube, bathed for 12 h in a 0.03% pepsin solution and
0.7% hydrochloric acid initially heated to 40 °C; the supernatant was then discarded; the sediment was
placed in a watch glass; and the readings were made using a light microscope for detection of L3 from A.
costaricensis used in this experimental design.

For distinction of the larvae from those of other nematodes, morphological features such as shape

of a comma and slower motion (Ishih et al. 1990) were taken into account.

Experimental design

Male Swiss mice (Mus musculus) around 10 weeks old, weighing 27 to 44 g, were used. The
animals were infected by gavage with 10 L3 of A. costaricensis, kept in cages, in groups, and given
water and feed (Nuvilab®) ad libitum. The experimental design consisted of five groups of mice, with
five animals in each group, necropsied as follows: Control group (CG) — day 3; Group A — day 3, Group
B —day 7; Group C — day 14, and Group D — day 21.

The welfare of the animals was observed by adopting measures that minimized discomfort and
stress. The housing, feeding, and care were appropriate for the species. The animals were euthanized
with isoflurane (Isoforine®, Cristalia, Sdo Paulo, Brazil) in a quick and painless fashion. The sample

size was calculated according to other experiments (Rodriguez et al. 2011).

Complete blood count

The blood stored in EDTA tubes was processed for complete blood count. An aliquot was obtained
using a microcapillary tube for blood smears and microhematocrit determination. The blood smears were
stained with Diff-Quik for leukocyte differential count and cytologic analysis. The microhematocrits were
centrifuged (Fanem microhemato centrifuge®) at 10,000 rpm for 5 minutes and read using a
microhematocrit card reader. Erythrocyte and total leukocyte counts and hemoglobin concentration were
determined using an electronic cell counter (pocH-100iV Diff®). Erythrocyte indices (MCV and MCHC)

were calculated as previously established.

Cytokine detection

Serum cytokines (IL-1, IL-6, IL-10, TNF-a, INF-¥, and MCP-1) were quantified using the BD™
cytometric bead array (CBA) Mouse Inflammatory kit (Becton Dickson Biosciences, USA) according to
the manufacturer’s instructions. Briefly, 50 pL of the serum sample (diluted 1:10) was mixed with 50 pL
of capture beads and 50 puL of PE detection reagent. After 2 hours of incubation in the dark at room

temperature, the beads were washed and finally diluted in 300 pL of wash buffer. The sample was acquired
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in the FACSVerse flow cytometer (BD, USA) and analyzed using the FCAP Array™ software (BD
Biosciences, USA).

Necropsy and histological analysis

Gross examination of the digestive tract was performed to verify the presence of ischemic lesion,
peritonitis (fibrin deposition), and pseudotumors. The intestinal specimens were fixed in 10% formalin
for 24 hours. For the microscopic analysis, the specimens were embedded in paraffin and sectioned in a
microtome (5 um thickness). The slides were stained with hematoxylin and eosin and analyzed by two
independent and blinded pathologists. The following microscopic aspects were evaluated: 1. presence of
infarction; 2. identification of adult parasites, larvae, and eggs; 3. inflammatory infiltrate (qualitative and

quantitative); 4. granuloma formation; and 5. characterization of vasculitis and thrombosis.

Statistical analysis

All variables were tested for normality using the Kolmogorov-Smirnov test, and they showed non-
normal distribution. The groups were compared by the Kruskal-Wallis test, followed by Dunn’s multiple
comparison test. The data were considered to be significantly different with a probability (P) less than 5%.

The GraphPad Prism software, version 5.01, was used for the statistical analysis and plotting of the graphs.
Results
Complete blood count findings

No abnormal findings were observed in erythrocyte count, hemoglobin concentration, and
hematocrit levels, as shown in Fig. 1. Neither the white blood count (total leukocytes, segmented

neutrophils, lymphocytes, monocytes, and eosinophils) nor the platelet count showed significant

differences when the control group was compared with the infected group, as shown in Fig.2.
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Gross findings

The gross examination did not indicate any changes in the mice during the experimental period.

Microscopic findings

After 3 days of infection, no microscopic change was detected in the control group and in Group A.
On day 7, 25% of the animals from Group B had mild eosinophilic infiltrate in the intestine and liver. On
day 14, 75% of the animals from Group C had mild to moderate eosinophilic infiltrate in the intestine and
liver. On day 21, 100% of the animals from Group D showed mild to moderate eosinophilic infiltrate in the
intestine, liver, and spleen, as demonstrated in (Fig. 3a), 20% had intestinal granulomatous reaction (Fig.

3b), and A. costaricensis was found in the intestinal arterial lumen (Fig. 4).
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Fig. 3a Histological section of mouse liver on day 21, showing hepattis th eosinophilic infiltrate (200x). Fig. 3b Granuloma with
eosinophilic infiltrate in the intestinal wall of infected mouse (200x)
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Fig. 4 Histological section of adult A. costaricensis in the arterial lumen of infected mouse (50x)
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Cytokine expression by flow cytometry

The profile of proinflammatory cytokines in peripheral blood was analyzed in order to shed further
light on the molecular modulation of the immune response of mice infected with A. costaricensis. There
was a significant increase in IFN-x, MCP-1, TNF-a, IL-6, IL-10, and IL-12p70 in all animals 21 after
inoculation (Fig. 5). Among proinflammatory cytokines, the presence of high concentrations of IL-12p70
in the infected animals (~ 42.06 pg/mL) is noteworthy, as this concentration was 24 times greater than in
control animals (2.22 pg/mL) (Fig. 5). Likewise, the concentrations of INF-y¥ and IL-10 increased by 4.3
and 3.5 times, respectively, when compared with uninfected animals (Fig.5). Also significant but slightly

less pronounced were the increases in MCP-1, TNF-o, and IL-6 (Fig. 5).
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Fig. 5 Cytokine levels of control and infected mice (Mus musculus): IL-12p70 (A); TNF-a
(B); MCP-1 (C); INF-x (D); IL-10 (E); IL-6 (F)

Discussion

Abdominal angiostrongyliasis is a disease that causes high mortality amongst humans. Clinically,
the patients infected by A. costaricensis present listlessness, pallor, fever, abdominal distension,
constipation, and paralytic ileus (Agostini et al 1984) and, microscopically, there is intense inflammation
of the intestinal wall and abundant eosinophilic infiltrate around the parasite’s eggs, suggesting that they

could be the major cause of acute inflammation observed in this disease (Graeff-Teixeira et al. 1991).
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In this study, we described important pathological and immunological changes induced by A.
costaricensis during the experimental reproduction of AA in mice. The pathological examination revealed
intestinal inflammation with eosinophilic infiltrate (Fig: 3a) consistent with the microscopic findings of
this disease in all infected mice 21 days after inoculation (Graeff-Teixeira et al. 1991).

The pathogenesis of infections caused by intestinal helminths is complex and several virulence
factors are used to guarantee the survival of the parasite in vertebrate hosts. Just like bacteria and viruses,
helminths have to escape the robust immune responses of their hosts by using sophisticated mechanisms.
To do that, strategies such as suppressing Thl and Th2 responses (Maizels et al. 2004), increasing the
response of regulatory T lymphocytes (Yazdanbakhsh et al. 2001), and producing immunoregulatory
proteins (Maizels et al. 2004; Riftkin et al. 1996) are decisive for maintaining the life and reproduction of
the parasite.

In this context, during the acute phase of the infectious process, we noted that A. costaricensis
induces remarkable production of a broad array of immunomodulatory molecules 21 days after the onset
of infection (Fig 5), coinciding with the presence of microscopic inflammatory lesions (Fig 3a and 3b).
Amongst the analyzed molecules, we underline the high concentration of IL-12p70 in the serum of the
infected animals (~ 43 pg/mL) compared with the controls (~ 1.8 pg/mL). This cytokine is synthesized by
phagocytes and antigen-presenting cells (Trinchieri 1998a) as a heterodimer with two subunits known as
p35 and p40 (Trinchieri 1998b). Its main biological effect consists in prompting NK cells, T helper
lymphocytes, and cytotoxic T lymphocytes to secrete INF-x (Boehm et al. 1997; de Fost et al. 2003;
Kalinski et al. 2001), a cytokine with important activity against intracellular and extracellular pathogens
(Kalinski et al. 2000). In our study, we detected a significant increase of INF-x after the infection with A.
costaricensis, and such increase is possibly due to the direct effect of IL-12p70. Infections caused by Brugia
malayi and Litomosoides sigmodontis (Maizels et al. 2004) also produce an increase of INF-¥, underscoring
the proinflammatory role of this interleukin in helminth infections.

Concomitantly with the increase of INF-¥, we detected a slightly higher increase of IL-10, an
important regulatory interleukin secreted by regulatory T lymphocytes (Maizels et al. 2004) and activated
macrophages (Mosser and Zhang 2008) capable of suppressing the production of IL-12 (Boehm et al. 1997)
and modulating the polarization of Th2 response (Anderson and Mosser 2002). This finding supports
previous evidence of the potential of A. costaricensis to modulate IL-10 production regardless of the strain
of mice used (Geiger et al. 2001). Biologically, the increase in this interleukin during the pathogenesis of
this infection may be exerting an anti-inflammatory effect, or a Th2 polarizing effect, or both; however,
other specific studies are needed to elucidate these questions.

Th2 cells secrete IL-5 and IL-13, which increase the production of eosinophils in the bone marrow
and recruitment into tissues, respectively (Young et al. 1997). Eosinophils perform different activities
against infections by A. cantonensis, such as granuloma formation (Rumbley et al. 1999), as observed in
the microscopic analysis in the present study (Fig 3a and 3b). Eosinophilia is a common finding in patients
with eosinophilic meningitis (Sawanyawisuth et al. 2010) and is also observed in experimental studies with
rats infected with A. cantonensis (Garcia et al. 2014). However, our study did not detect changes in
eosinophil count in peripheral blood during the experimental period (21 days), which may be attributed to

the short period of infection, whereas Garcia et al. (2014) observed a pronounced increase in eosinophil
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count after 4 weeks of infection. Moreover, it is widely known that the production of cytokines such as IL-
10 can suppress IgE production and downregulate the IL-5 production (Nonoyama et al. 1993).
Consequently, absence of eosinophilia in peripheral blood could be attributed to this modulation as there is
an increase in IL-10 production (Zuany-Amorim et al. 1996).

As regards the group of proinflammatory molecules comprised of IL-6, TNF-a, and MCP-1, we also
noted a significant increase in the concentrations of these three molecules 21 days after the infection. MCP-
1 is a chemokine secreted by endothelial cells as a result of the stimulus mediated by INF-y and IL-1
(Rollins et al. 1990), as well as by the direct contact with pathogens (Viebig et al. 2005). Biologically,
MCP-1 promotes chemoattraction of monocytes to specific sites and its increase could be related to the
presence of the parasite in the mesenteric arterial lumen (Fig. 4), and to eosinophilic granulomatous
reaction, as demonstrated in Fig. 3b. Even though MCP-1 was significantly high, we did not observe a
homologous effect on peripheral monocyte count (Fig.2), indicating that the recruitment of these cells does
not lead to monocytosis, a favorable effect for the survival of the parasite.

Also with respect to proinflammatory molecules, there was a significant increase of IL-6 and TNF-
o concomitantly with the inflammatory lesions produced by A. costaricensis (Fig.3a and 3b). These two
molecules can act upon the vascular endothelium, changing the expression of adhesins (Hoeksema et al.
2016) and thereby favoring the migration of leukocytes into the microenvironment of the infection; they
can stimulate the production of acute-phase proteins (Bode et al. 2012) and complement system molecules
(Katz et al. 1989). By taking into consideration the important proinflammatory role of these two molecules
and the high serum concentrations observed in bacterial infections (Frandoloso et al. 2013), it could be
suggested that A. costaricensis controls this increase by inducing the concomitant production of IL-10 in
the acute phase of the infection or secretes other yet-unknown molecules with an anti-inflammatory effect.

Our microscopic findings are in line with those of Vazquez et al. (1993), which include thickening
of the intestinal wall, multiple confluent ulcers in the terminal ileum region, eosinophilic and granulomatous
arteritis, and thrombosis associated with ischemic intestinal lesions. These lesions were observed 21 days
after the infection and were potentially related to the modulation of proinflammatory molecules.

In short, in this study, we demonstrated that the microscopic lesions caused by A. costaricensis are
temporally dependent upon the phase of infection and that the infection occurs concomitantly with the
serum increase of a broad array of proinflammatory molecules. The high serum concentration of IL-12p70
can be potentially used as an acute proinflammatory marker of AA and also indicates the importance of

INF-¥ in the pathogenesis of this infection.
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APENDICE

Apéndice 1. Alteragdes microscopicas, no grupo controle e grupo infectados por A. costaricencis.

Dados gerais Micro
Camundongo Intestino Baco Figado
granuloma | infiltrado vasculite = esplenite infiltrado infiltrado hepatite
eosinofilico eosinofilico  eosinofilico
1 NO NO NO NO NO NO NO
@ 2 NO NO NO NO NO NO NO
= 3 NO NO NO NO NO NO NO
S 4 NO NO NO NO NO NO NO
O 5 NO NO NO NO NO NO NO
6 NO NO NO NO NO NO NO
” 7 NO NO NO NO NO NO NO
2 8 NO NO NO NO NO NO NO
™ 9 NO NO NO NO NO NO NO
10 NO NO NO NO NO NO NO
11 NO NO NO NO NO NO NO
" 12 NO NO NO NO NO NO NO
._g 13 NO NO NO NO NO NO NO
g 14* NO 1 NO NO NO 1 YES
15% NO 1 NO NO NO NO NO
16* NO 2 YES NO NO 1 YES
o 17* NO 1 NO NO NO NO NO
2 18 NO NO NO NO NO NO NO
= 19 NO NO NO NO NO NO NO
20% NO 1 NO NO NO 2 YES
21% NO 1 NO YES 1 1 YES
- 22% 1 2 YES NO NO 2 YES
= 23+ NO I NO NO NO NO NO
N 24% NO 1 NO NO NO NO NO
25% NO 2 YES YES 1 NO NO
Legenda:

1 — grau leve;
2 — grau moderado

* - animais com alteragdo microscopica
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4, CONCLUSOES

Este desenho experimental usando camundongos Swiss permite concluir
que a associagdo de métodos diagnosticos como hemograma, citometria de fluxo e analise
histologica em camundongos infectados fornece subsidios para a melhor compreensao do
processo infamatorio da AA.

O método de citometria ¢ um sistema que pode avaliar muitas moléculas de
uma s6 vez, além de nos permitir compreender a cinética na produ¢do de citocinas

envolvidas na patologia do A.costaricensis até¢ o 21° dia de infecgao.
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5. CONSIDERACOES FINAIS

Atualmente, epidemias causadas por agentes zoondticos tém representado
cerca de 70% das infec¢des emergentes e re-emergentes mundiais, fazendo-se necessario
um avango no estudo dos vetores e hospedeiros para a melhor compreensdo do processo
de adaptacdo biologica entre os mesmos.

O uso de ferramentas diagnosticas devem ser usadas tanto de forma
preventiva, ou seja, no inicio da infec¢do e até mesmo na fase cronica. Entre estas
ferramentas destacamos a citometria de fluxo usada de forma eficiente neste trabalho.

A partir dos resultados deste experimento, achamos necessario que em um
proximo trabalho o delineamento experimental utilizando camundongos Swiss, esteja

mais proximo da realidade dos pacientes humanos acometidos com a AA.
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