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RESUMO

INTRODUCAO: Alteragdes morfoldgicas e imunoldgicas na cavidade oral de chagésicos tém
sido descritas. No entanto ndo encontramos nenhum estudo que avaliasse a funcdo da lingua e
os niveis de IgA, IgG e IgM totais na saliva de chagasicos comparados aos ndo chagésicos.
OBJETIVO: Avaliar a funcéo da lingua, o fluxo salivar e os niveis de IgA, 1gG e IgM totais
na saliva de pacientes chagasicos comparados aos ndo chagasicos. METODOLOGIA: Foram
selecionados 37 pacientes sendo 17 pacientes chagasicos: 6 na forma cardiaca, 11 na forma
mista com megaesdfago e 20 pacientes ndo chagasicos. Realizou-se 0 exame da funcdo da
lingua por uma técnica fonoaudioldgica. Foi coletada saliva dos pacientes de maneira ndo
estimulada e o fluxo salivar medido por sialometria. Os niveis de IgA, de IgG e de IgM na
saliva dos pacientes foram avaliados pela técnica do ELISA sanduiche. RESULTADOS: Néo
foram encontradas diferencas significativas entre os grupos quanto a funcdo da lingua.
Observou-se maior fluxo salivar nos pacientes chagasicos na forma mista com megaesofago
guando comparados aos demais grupos (p = 0.0302). Nao foram encontradas diferencas
significativas quando comparou-se os niveis de 1gG, de IgM e de IgA totais entre 0s grupos.
CONCLUSAO: Apesar de ndo termos encontrado diferencas significativas quanto a funcgéo
da lingua e quanto aos niveis de imunoglobulinas salivares totais, 0 maior fluxo salivar nos
pacientes chagasicos, com forma mista, provavelmente estaria ocorrendo por alteracdes

esofagicas e/ou por alteracdes de glandulas salivares provocadas pela DC crénica.

PALAVRAS CHAVE: Doenga de Chagas. Immunoglobulinas. Lingua. Saliva.



ABSTRACT

INTRODUCTION: morphological and immunological changes in the oral cavity of chagasics
have been described. However we found no studies that avaluate the function of tongue and
total salivary levels of the IgA, 1gG and IgM in total chagasics compared to non chagasics
patients.OBJECTIVE: To evaluate tongue function, salivary flow rate, and levels of total
immunoglobulin A (IgA), immunoglobulin G (IgG) and immunoglobulin M (IgM) in the
saliva of chronic patients (CP) in comparison to non-chagasic patients (NCP).
METHODOLOGY: Thirty seven patients were selected: NCP (n=20) and CP (n=17). In the
group CP 6 had the cardiac form and 11 had the mixed form with megaesophagus.
Examination of tongue function was performed through phonoaudiological evaluation. Saliva
was collected from the patients, and the salivary flow rate was measured by sialometry. The
levels of total IgA, IgM and 1gG in the saliva of patients were evaluated by sandwich ELISA
assay. RESULTS: There were no significant differences in the function of the tongue among
the groups. Patients with the mixed form of Chagas disease with megaesophagus had a higher
salivary flow rate than patients in the other groups (p = 0.0302). There were no significant
differences in the levels of total IgA, IgM and IgG among the groups. CONCLUSION:
Although there were no significant differences in tongue function and in the levels of total
salivary immunoglobulins, the higher salivary flow in chagasic patients with the mixed form
probably occurred due to esophageal abnormalities and/or changes in the salivary glands

caused by chronic Chagas disease.

KEYWORDS: Chagas disease. Immunoglobulin. Saliva. Tongue.
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1 INTRODUCAO

A doenca de Chagas (DC), descrita por Carlos Chagas (1909), é uma zoonose
potencialmente letal (DUBNER et al., 2008) que afeta milhdes de pessoas na América latina
(PEREZ-AYALA et al., 2011). A DC é causada por infeccdo pelo protozoério parasita,
Trypanossoma cruzi (T. cruzi) (RAMOS et al., 2011) sendo a principal causa de
miocardiopatia e morte por doenga cardiovascular em pacientes com idades entre 30-50 anos
(PEREZ-AYALA et al., 2011). Apesar da doenga ser um sério problema de satde publica
(PRIOTTO et al.,, 2009) ainda ndo sdo esclarecidas completamente todas as alteracdes
morfologicas provocadas pelo T. cruzi (CAROD-ARTAL et al., 2007).

A DC é uma doenca endémica em 21 paises (RAMOS et al., 2011), acometendo
grande variedade de mamiferos silvestres e domésticos além de seres humanos
(KIRCHHOFF, 2011). Historicamente, os triatomineos, mais conhecidos como barbeiros, sdo
0s vetores de transmisséo de T. cruzi. A transmissdo ocorre por transfusdo de sangue,
transplante de dérgdos, via transplacentaria (KIRCHHOFF, 2011) e via oral (TOSO; VIAL;
GALANTI, 2011). A primeira evidéncia de transmissdo oral foi relatada no Brasil em 1965.
A contaminacdo por via oral ocorre pela ingestdo de triatomineos infectados ou de alimentos
contaminados com a urina ou secrecdo anal de marsupiais infectados (TOSO; VIAL,;
GALANTI, 2011).

Nos mamiferos infectados, incluindo humanos, a DC apresenta trés fases
caracteristicas: aguda, indeterminada e cronica. A fase cronica pode apresentar-se nas formas
cardiaca, digestiva ou mista (PRADO et al., 2011). Na fase aguda o parasita encontra-se livre
na corrente sanguinea. Posteriormente os parasitas invadem os tecidos dos hospedeiros, com
predilecdo pelo tecido muscular cardiaco e sistema digestorio, convertendo-se em formas
intracelulares que proliferam podendo atingir qualquer tecido humano (LOPES et al., 2000).

Na forma digestiva da DC existe destruicdo de ganglios intramurais e desnervacao
parassimpatica em todo o trato digestorio, afetando especialmente o es6fago e o
retossigméide (CREMA et al.,, 2011). Estudo realizado em pacientes chagasicos ja
demonstrou mudangas no padrdo normal de degluticdo através da analise do trénsito oral e
faringeo pelo método de cintilografia. Nos individuos chagasicos, na forma digestiva, existe
maior tempo de transito oral e faringeo quando comparados aos individuos saudaveis (dos
SANTOS; CASSIANI; DANTAS, 2011).

No coracdo o processo inflamatorio na DC esta associado com fibrose intersticial,

sendo que nas fases mais precoces da doenga existe predominio de fibronectina, laminina e
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colageno tipo I e tipo 11l (MAGALHAES-SANTOS; LIMA; ANDRADE, 2002). Sabe-se que
0 acometimento cardiaco na fase cronica da DC é caracterizado por apresentar destruicdo de
celulas musculares cardiacas com infiltrado inflamatorio e neoformacéo de tecido conjuntivo
fibroso (ELIZARI, 1999; LOPES et al., 2000). Existe destruicdo progressiva do miocardio em
aproximadamente 30% dos individuos infectados cronicamente pelo T. cruzi (SOARES et al.,
2004). Em um estudo realizado através de autdpsias, foram observados focos de necrose e
degeneracdo no miocardio juntamente com células como fibroblastos, linfécitos T e
macrdfagos (ROSSI, 1998). Assim como no intestino e coragdo, os musculos esqueléticos,
também foram descritos como locais infectados por T. cruzi. Parasitismo em diferentes grupos
musculares foi descrito em camundongos (BIJOVSKY et al., 1983). Dores musculares e
fraqueza ja foram descritas em pacientes chagasicos (KOBERLE, 1968), assim como o
masculo deltéide (CENGET; ROJAS, 1959). Estudo realizado em ratos infectados pelo T.
cruzi analisou os musculos reto abdominal e mdsculos plantares, através de estimulacao
elétrica direta. As propriedades contrateis dos musculos foram significativamente reduzidas
durante a infeccdo (RAMIREZ-ARCHILA et al., 2011). Além disso, em individuos
infectados cronicamente pelo T. cruzi ja foram observadas alteracbes estruturais em
miofibrilas através de biopsias musculares (LAGUENS et al., 1975). H& também evidéncias
de que existem danos na juncdo neuromuscular, fazendo com que haja perda de sensibilidade
e flacidez da estrutura contratil (MIRKIN et al., 1994). No final do periodo de infeccdo a
inflamacdo nos tecidos diminui, porém, o processo de reparo do tecido muscular ocorre por
fibrose, 0 que provoca mais complicacdes na contratilidade muscular (ARAUJO-JORGE et
al., 2008).

N&o encontramos, entretanto, nenhum estudo na literatura que descrevesse alteragdes
clinicas na lingua de pacientes com DC, ou que avaliasse sua espessura e contratibilidade
(FELTON et al., 2007). No entanto ja foram descritas alteracbes morfologicas microscopicas
na lingua de pacientes chagéasicos. Nesses estudos observamos alteragdes vasculares na lingua
dos chagéasicos como maior didmetro vascular, aumento da area da parede vascular, maior
densidade dos vasos sanguineos e aumento da espessura da membrana basal capilar (de LIMA
PEREIRA et al., 2009), maior densidade de tecido conjuntivo fibrose e maior densidade de
mastocitos na lingua de chagasicos quando comparados aos ndo chagasicos (de LIMA
PEREIRA et al., 2007). Desta maneira, a fibrose da lingua poderia estar contribuindo para a
disfagia na doenca de Chagas/forma digestiva. Portanto, acreditamos que a lingua e saliva
desses pacientes possam estar alterados.
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Além de alteracdo vasculares e da matriz extracelular, j& foi descrito, na lingua de
pacientes com DC, inflamacdo, perineurite e aumento do calibre de ductos de glandulas
salivares de Von Ebner (de LIMA PEREIRA et al., 2006). J& foi descrita hipertrofia da
glandula submandibular em ratos infectados pelo T. cruzi, apresentando proteinas idénticas
aquelas produzidas pela estimulacdo adrenérgica beta (ALVES; ALVES; NAITO, 1994).
Porém ndo encontramos estudos que comparasse a intensidade de fluxo salivar em pacientes
chagasicos cronicos, nem que correlacionasse esses achados com as alteragdes morfoldgicas.

A producdo e secrecdo de anticorpos frente a infeccdo por T. cruzi é particularmente
complexa devido ao alto grau de polimorfismo entre as diferentes espécies e clones,
ocasionando as mais diferentes manifestacfes clinicas, sendo que muitas ainda sdo pouco
esclarecidas (PINHO et al., 1999). Porém ndo encontramos na literatura nenhum dado que
comparasse 0s hiveis de anticorpos na saliva entre chagasicos e ndo chagasicos, nem entre as
formas da doenca.

Anticorpos 1gG sdo produzidos ainda na fase aguda da DC (LANA et al., 1991;
CARNEIRO et al., 2007) e reagem principalmente com as moléculas de superficie das formas
tripomastigotas (BRODSKYN et al., 1989; CORDEIRO et al., 2001). Os principais isotipos
de anticorpos envolvidos na eliminacdo de formas sanguineas do parasita e na diminui¢cdo das
taxas de mortalidade séo 1gG1 e IgG2 (BRODSKYN et al., 1989; CORDEIRO et al., 2001).

Estudos mostram que individuos chagésicos produzem no plasma niveis
significativamente mais elevados de IgG do que individuos ndo chagasicos (PISSETTI et al.,
2009; MORGAN et al., 1996) e que individuos com a forma digestiva da DC apresentam
niveis mais elevados de 19gG-4. Além disso, ja foram observados maiores niveis de IL-10 nos
individuos com a forma digestiva, que poderiam contribuir com os niveis elevados de 1gG4
especificos, inibindo, indiretamente, os efeitos de IFN-y, favorecendo um desvio Th2 o que
ajudaria na manutencgdo do parasita e consequentemente desenvolvimento das lesdes de fase
cronica (PISSETTI et al., 2009).

Além de IgG, ja foram descritos, no sangue de pacientes com a forma digestiva da DC,
niveis elevados de anticorpos da isoforma IgA (SA FERREIRA et al., 1983; PRIMAVERA et
al., 1988). Estudo demonstrou aumento dos niveis de IgA na forma digestiva da DC de acordo
com a gravidade do comprometimento esofagico. Os niveis aumentados de IgA poderia ser
provocado por danos na mucosa em consequéncia a irritagdo provocada pela permanéncia do
bolo alimentar no es6fago, o que favoreceria a passagem de antigenos para o conjuntivo
devido a perda de integridade epitelial (WALKER; ISSELBACHER; BLOCH, 1974). Estes
antigenos estimulariam precursores de células produtoras de IgA plasmatico localizados na
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lamina propria do no trato gastrointestinal (WALKER; ISSELBACHER; BLOCH, 1974).
Além disso, sabe-se que reducgdes transitrias nos niveis de IgA salivar estdo associados com
aumento da susceptibilidade a infecc¢Ges do trato gastrointestinal (NOGUEIRA et al., 2005).
Como ja& demonstramos em outros estudos que existem alteracbes morfologicas
microscopicas das linguas dos chagasicos crénicos, e ainda, como até o presente momento,
ndo foram esclarecidas todas as alteracGes clinicas e imunoldgicas da cavidade oral dos
pacientes com DC, surgiu a necessidade de avaliar clinica e macroscopicamente as linguas
dos chagésicos. Esse estudo, somado aos anteriores, poderd contribuir para posterior
elaboracdo de estratégicas terapéuticas que minimizem as dificuldades de degluticdo e de
digestdo desses pacientes. O conhecimento dos niveis de anticorpos produzidos na fase
cronica da DC também ajudaria a explicar a patogénese da doenca e seus possiveis

mecanismos lesivos na cavidade oral.
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2 HIPOTESE

Os pacientes chagasicos cronicos apresentam menor contratilidade da lingua, maiores

niveis de IgA, de IgM e de IgG e maior fluxo salivar quando comparados aos ndo-chagasicos.
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3 OBJETIVOS

1. Realizar avalia¢do funcional da lingua de pacientes chagésicos e ndo chagéasicos cronicos;
2. Avaliar o fluxo salivar dos pacientes chagasicos e ndo chagasicos crénicos, sem
estimulacao;

3. Determinar os niveis de IgA, IgM e IgG em salivas de pacientes chagésicos e ndo

chagasicos cronicos.
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Abstract
Objective: To evaluate tongue function, salivary flow rate, and levels of total

immunoglobulin A (IgA), immunoglobulin G (IgG) and immunoglobulin M (IgM) in the
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saliva of chronic patients (CP) in comparison to non-chagasic patients (NCP).
Methodology: Thirty seven patients were selected: NCP (n=20) and CP (n=17). In the
group CP 6 had the cardiac form and 11 had the mixed form with megaesophagus.
Examination of tongue function was performed through phonoaudiological evaluation.
Saliva was collected from the patients, and the salivary flow rate was measured by
sialometry. The levels of total IgA, IgM and IgG in the saliva of patients were
evaluated by sandwich ELISA assay. Results: There were no significant differences
in the function of the tongue among the groups. Patients with the mixed form of
Chagas disease with megaesophagus had a higher salivary flow rate than patients in
the other groups (p = 0.0302). There were no significant differences in the levels of
total IgA, IgM and IgG among the groups. Conclusion: Although there were no
significant differences in tongue function and in the levels of total salivary
immunoglobulins, the higher salivary flow in chagasic patients with the mixed form
probably occurred due to esophageal abnormalities and/or changes in the salivary

glands caused by chronic Chagas disease.

KEYWORDS: Chagas disease; Tongue; Immunoglobulin; Saliva

1. Introduction

Chagas disease, or American trypanosomiasis, iS a systemic parasitic
infection caused by the flagellated protozoan parasite Trypanosoma cruzi (T. cruzi)
(Bricefio, 2009). In infected mammals, including humans, Chagas disease has three
characteristic phases: acute, indeterminate and chronic, and the latter can occur in
the cardiac, digestive or mixed forms (Prado et al., 2011). Dysphagia, which is

commonly found in chronic chagasic patients with the digestive form of the disease,
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occurs due to esophageal involvement. During swallowing, oral and pharyngeal
transit of the bolus of these patients is slower than in healthy subjects (dos Santos,
Cassiani & Dantas, 2011).

In addition to esophageal involvement, microscopic morphological changes
have also been described in the tongue in chronic chagasic patients, such as:
increased vascular diameter, increased vascular wall area, increased blood vessel
density, thickened capillary basement membrane (de Lima Pereira et al., 2009), and
increased collagen density and higher density of mast cells (de Lima Pereira et al.,
2007). Although the tongue plays an essential role in swallowing and in early
digestion of food (Felton, Gaige, Reese, Wedeen, & Gilbert, 2007), there are no
studies describing clinical changes in the tongue of Chagas disease patients.

The salivary glands are also often affected in Chagas disease. Several
changes have already been described in the salivary glands in Chagas disease, as
increased diameter of the ducts of Von Ebner’s glands in humans (de Lima Pereira et
al., 2006), and hypertrophy of the submandibular gland in rats (Alves, Alves & Naito,
1994). A study showed dilation of the body of the parotid, submandibular and
sublingual glands in 13-33% of patients with chagasic megaesophagus (Vieira,
1961), as well as increased salivary flow rate in chronical Chagas disease (Earlam,
1972; de Oliveira, Bloise & Lopes, 1952; Vieira, 1961).

Even though functional alterations of the tongues of Chagas disease patients
have not yet been described, it is known that the parasitism of skeletal muscles of
mice infected with T. cruzi (Bijovsky, Elizari, Muller, Katzin, & Gonzéalez Cappa, 1983)
causes damage to the neuromuscular junction, as well as subsequent loss of
sensitivity and contractile structure stretching (Mirkin et al., 1994). Muscle repair with

replacement of muscle tissue by collagen was observed at the end of the infection
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period, with consequent complications in muscle contractility (Araujo-Jorge et al.,
2008).

The production and secretion of antibodies against T. cruzi infection leads to
several clinical manifestations, many of which are still poorly elucidated
(Pinho, Pedrosa, Costa-Martins, Castello-Branco, 1999). Antibodies of different
classes specific for T. cruzi have been found in the saliva of chagasic patients
(Pinho, Pedrosa, Costa-Martins, Castello-Branco, 1999). Although total antibody
levels are associated with individual immunity, there is no study in the literature
comparing total antibody levels in the saliva of chagasic and non-chagasic patients,
or total antibody levels between the forms of the disease.

Even though clinical changes in the oral cavity of patients with Chagas
disease are still unclear, we believe that there could be changes in tongue muscle
contraction, as well as increased salivary flow rate and changes in total salivary IgA,

IgM and IgG levels in patients with Chagas disease.

2. Materials and Methods

Upon approval by the Research Ethics Committee of the Federal University of
Triangulo Mineiro (UFTM) under protocol number 2256, a cross-sectional study and
analysis of medical records of patients was conducted at the University Hospital of

University of Uberaba (UNIUBE), in Uberaba, in the state of Minas Gerais, Brazil.

2.1. Patient selection

A total of 37 adult patients older than 24 were included in the study. All
participants were aware of the study and signed an informed consent form. They

were homogenized regarding gender, age and ethnicity, and were then subdivided
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into three groups according to the clinical criteria: chronic Chagas disease patients
with the cardiac form (n = 6), chronic Chagas disease patients with the mixed form
with the presence of megaesophagus (n = 11), and non-chagasic patients (n = 20).
As a selection criteria, chagasic patients had to have at least one positive reaction to
T. cruzi and a morphological finding suggestive of Chagas disease, such as
cardiomegaly and/or megaesophagus demonstrated by imaging exams.

Approximately 100 medical records of patients with or without Chagas disease
were analyzed. Patients with other systemic infectious diseases, patients with a
history of craniofacial malformations, with temporomandibular dysfunction, with
malignant neoplasms, patients on medications such as antihistamines or
decongestants, as well as alcoholic or smoker individuals were excluded from the
study. After a review of dental records, patients with caries, gingivitis, periodontitis,
disorders that cause stress or chronic pain in the head and neck, mouth breathers,
patients with allergic rhinitis, patients who suffered cerebrovascular accident (CVA) or

any type of facial paralysis were also excluded.

2.2. Tongue function examination

After anamnesis, clinical examination of the tongue of patients was conducted
by a speech therapist at the Speech Therapy Clinic of University of Uberaba
(UNIUBE). The following were evaluated: muscle tone, mobility, muscle strength with
counter-resistance, muscle strength without counter-resistance, and contraction of
the lingual apex. Sterile gloves and spatulas were used so as to perform this
evaluation (Fig. 1).

For muscle tone evaluation, the patients were asked to open their mouths and

put their tongues up in order to slightly touch the palate. Hence, their ability to



21

maintain the tongue vertically tensioned was evaluated, and the tongue was
considered normal or flaccid (Fig. 1, A). In order to evaluate the mobility, the patients
were asked to move their tongues to the left and to the right with their mouths closed.
After that, the ability of the patients to lateralize their tongues and touch the sides of
the oral cavity was evaluated when they were asked to clearly project their cheeks for
the examiner to observe. Mobility of the tongue was, thus, considered to be normal or
altered (Fig. 1, B and C). Muscle strength against no resistance was analyzed by
protruding the tongue out, followed by free up-and-down movements from one side to
the other for as long as the patients managed to. In this case, we tested whether the
patients had enough strength to perform the procedure (Fig. 1, D, E and F). Muscle
strength against resistance was evaluated by asking the patients to protrude their
tongues out and freely move them up and down from side to side for as long as they
could, while the examiner applied force against the movement of the tongue, and
evaluated whether the patients had strength or not (Fig. 1, G and H). In order to
assess the contraction of the lingual apex, the patients were asked to protrude their
tongues out of the oral cavity with subsequent elevation of the lingual apex. Thus, the

dorsum of the tongue curved upwards and the lingual apex was tapered (Fig. 1, J).

2.3. Analysis of saliva

2.3.1 Collection of saliva

After formation of the groups, saliva collection was performed in a calm
environment between 1 p.m. and 3 p.m. Each patient salivated, in an unstimulated
way, for five minutes in a sterile container two hours after lunch. The patients
themselves held the container in the lower area of the lower lip with maximal mouth

opening, so that the saliva would collect passively into the container, without
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induction (Fig. 2). Later, saliva was withdrawn from the container with the aid of a
5mL graduated disposable vacuum syringe in order to determine the exact volume of
saliva.

2.3.2. Evaluation of salivary flow rate by sialometry

The salivary flow rate was measured by unstimulated whole sialometry
technique. Sialometry was performed in accordance with a method previously
described and used by other authors (Chao et al., 2001; Navazesh & Kumar, 2008).
In order to determine the salivary flow rate, the amount of saliva in mL was divided by
five, and the result was expressed in mL/min. The foam that eventually appeared

during the collection was not discarded because it became fluid after a few minutes.

2.3.3 Analysis of total salivary levels of immunoglobulins IgA, IgM and

The total levels of IgA, IgM and IgG in the saliva were determined by Enzyme-
Linked Immuno Sorbent Assay (ELISA) 96-well polystyrene plates with high affinity
for proteins (Costar 3590, USA). Plates were sensitized with 100 pl of affinity purified
goat anti-human IgA or IgM or IgG antibody solution (Zymed, USA), diluted in buffer |
(sodium bicarbonate, pH 9.6) to a concentration of 2 pug/mL per well. The plates were
sealed and incubated at 37°C for two hours, and then kept at 4°C for 16 hours. After
sensitization, the plates were washed twice with buffer Il containing NaCl (0.9%),
Tween 20 (0.05%), and sodium azide (0.02%). Blocking of non-specific binding was
performed using 100 pl of bovine serum albumin solution (BSA) at 0.02% buffer Il
(phosphate-buffered saline — PBS-BSA, pH 7.5) under shaking at room temperature
for one hour. The plates were then subjected to further washes with buffer Il. One

hundred microliters of saliva samples diluted 1:200 in buffer Il were added per well in
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duplicate, and the plates were then incubated for two hours under shaking at room
temperature. Serial dilutions of purified human IgA, IgM and 1gG (Sigma and Zymed)
were performed at concentrations of 2.0, 1.0, 0.5, 0.25 and 0.125 pg/mL in order to
determine a concentration curve for human IgA, IgM or IgG, and for assay
reproducibility control. Moreover, 100 pl of adult control saliva sample were applied in
a 1:200 dilution in duplicates for control purposes.

After incubation with saliva and purified IgA, IgM and IgG, the plates were
washed twice with buffer Il. Then, 100 ul/well of a mouse anti-human IgA or IgM or
IgG antibody solution was added and diluted in buffer Il at a concentration of 1:500.
After application, the plate was covered and incubated for one hour under stirring at
room temperature. The plates were then washed twice with buffer Il and incubated
with 1:10.000 goat anti-mouse IgG biotinylated antibody (Sigma, USA) for one hour
under shaking at room temperature. The plates were subsequently washed as
previously described, and incubated overnight at room temperature with streptavidin-
alkaline phosphatase conjugate (Sigma, USA) diluted 1:500 in buffer Ill. The
following day, after further washings, ELISA reactions were developed by incubation
with p-nitrophenyl phosphate substrate (Sigma, USA) at a concentration of 1mg/mL
diluted in buffer IV (0.2M Na2CO3, 0.2 M NaHCO3 and 0.02% MgCl) pH 9.8 (Sigma,
USA). The reaction with the substrate was developed for 30 minutes at room
temperature, and the intensity of the reactions was measured at a wavelength of
405nm using ELISA reader (VersaMax, Molecular Devices). Non-sensitized wells of
the same plates and sensitized wells which had not been incubated with saliva were
used as negative controls. The mean absorbance values of the negative controls
were discounted from the absorbance values of the samples tested, and the latter

was expressed as ELISA units. A concentration curve for IgA, IgM and 1gG by ELISA
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unit was determined from reaction samples of purified IgA, IgM and IgG so as to
check the linearity of ELISA. This curve was used to determine immunoglobulin
levels in saliva samples. After plotting of final results, immunoglobulin levels in the

saliva were expressed in mg/dl.

2.3.4 Quantification of total protein using the Bradford method

Determination of total protein concentration was performed using the Bradford
method (Bradford, 1976) with bovine albumin in serial dilutions as the standard for
plotting the sample analysis results. Saliva samples were diluted in distilled water at
a ratio of 1:200. After dilution, 1 mL of Bradford reagent was added, and the samples
were incubated for 15 minutes at room temperature, and were then read in a
spectrophotometer (Synergy HT, BioTek, USA). The spectrophotometer used to
measure the reaction was previously reset by a sample containing only water and
reagent in a ratio of 1:1, which acted as the negative and blank control. The
absorbance was read at 595 nm and the results were expressed in mg/dl.

All data were recorded in an electronic spreadsheet, and the amount of IgA,

IgM and IgG was divided by the amount of total proteins.

2.4 Statistical analysis

GraphPad Prism 4.0 statistical software was used for statistical analyses. The
Shapiro-Wilk normality test was performed in all groups. The Fisher's exact test was
used to compare genders and ethnic groups, and the ANOVA test was used to
compare ages. All qualitative variables of tongue function analysis were transformed
into quantitative variables, and then the Kruskal-Wallis test with Dunn’s post-test was

used. The ANOVA and Tukey’s post-test were used to compare the salivary flow rate
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between groups. In order to evaluate tongue function and the levels of IgA, IgM and
IgG, the Kruskal-Wallis test with Dunn’s post-test was used. The differences were
considered significant when the probability of rejecting the null hypothesis was lower

than 0.05 (5%).

3. Results

The number of chagasic patients with the cardiac form of the disease, patients
with the mixed form of Chagas with presence of megaesophagus, and non-chagasic
patients was, respectively, as follows: Caucasian (5/ 11/ 19), non-Caucasian (1/0/
1), male (4 / 7 / 8), and female (2 / 4/ 12). There was no significant difference
regarding gender, ethnicity and age between the groups, hence showing a
homogeneous distribution between the three groups (Table 1).

There were no statistical differences between the groups concerning the
following parameters: muscle tone, mobility, muscle strength with resistance, muscle
strength without resistance, and contraction of the lingual apex (Table 2).

Chagasic patients with the mixed form of the disease with the presence of

megaesophagus had a higher salivary flow rate than non-chagasic patients (p

0.0302) (Fig. 3).

There was no statistical difference between the groups when total IgA (p
0.3881), IgM (p = 0.1558) and IgG levels (p = 0.6492) were compared to total

salivary proteins (Table 3).
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4. Discussion

It has been reported that during the chronic phase of Chagas disease, T. cruzi
can invade and parasitize different cell types, including muscle cells in the tongue
(Barbosa Jr & Andrade, 1984). The role of T. cruzi in the destruction of muscle cells
in the tongue likely results in local fibrosis by a repair mechanism similar to that
described in the heart of chagasic individuals (Chapadeiro, 1967). Cell destruction
could be due to the adsorption of T. cruzi antigens (Ribeiro Dos Santos & Hudson,
1980) and/or cross-reactivity between the parasite and the muscle cells in the tongue
(Santos-Buch & Teixeira, 1974), as described in other organs of chronic chagasic
patients (de Lima Pereira et al., 2007).

A study on rats infected with T. cruzi showed decreased muscle contractility
during infection (Ramirez-Archila et al., 2011). Damaged myofibrils were observed in
biceps brachial muscle biopsies of humans chronically infected with T. cruzi
(Laguens et al., 1975), thus compromising skeletal muscle contractile function. This
is due to damage to the neuromuscular junction of skeletal muscle cells, which
causes loss of sensitivity and contractile structure stretching (Mirkin et al., 1994).

There is less tissue inflammation over the course of T. cruzi infection; even so,
muscle repair and replacement of muscle tissue by collagen are triggered, leading to
more complications associated with muscle contractility (Aradjo-Jorge et al., 2008).
However, there are no studies on Chagas disease describing functional changes in
the tongue. In this study, changes in muscle tone, mobility, muscle strength with
resistance, muscle strength without resistance, and contraction of the lingual apex
were not observed in the tongues of chagasic patients. Perhaps the microscopic
changes in the tongues of chagasic individuals, previously described before (de Lima

Pereira et al., 2006; 2007; 2009), were not sufficient to cause functional changes.
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In the present study, a higher salivary flow rate was observed in chagasic
patients with megaesophagus compared to other groups, which corroborates other
studies that observed a higher salivary flow rate in Chagas patients (de Oliveira,
Bloise & Lopes, 1952; Earlam, 1972; Vieira, 1961). We believe that individuals with
megaesophagus undergo changes in the salivary glands, such as duct dilatation,
which is likely caused by the typical neuronal destruction of Chagas disease (de Lima
Pereira et al., 2006; Vieira, 1961). This would be an inductive stimulus that would
lead to increased saliva secretion in the oral cavity (de Lima Pereira et al., 2006).
Moreover, increased capillary filtration due to the increase in the number and
diameter of blood vessels (de Lima Pereira et al., 2006) may also lead to an increase
in salivary flow rate in patients with chronic Chagas disease. In Chagas disease,
persistent inflammation may cause progressive vasodilatation, increasing blood
demand and, hence, increased production of saliva.

Furthermore, it is known that pharyngeal transit time is longer in patients with
Chagas disease than in normal individuals, especially with a bolus of pasty
consistency (dos Santos, Cassiani & Dantas, 2011). Therefore, the permanence of
bolus in the pharynx may also contribute to higher salivary flow rate in chagasic
patients with megaesophagus (Earlam, 1972).

There were also no significant differences regarding salivary IgA levels
between the groups. IgA is an immunoglobulin present mostly in mucosal surfaces
that represents the first line of defense of the adaptive immune system against
infectious diseases. Reduced levels of IgA have been associated with more episodes
of gastrointestinal tract infection (Nogueira, Alves, Napimoga, Smith, & Mattos-
Graner, 2005). The identification of antigens with a high level of virulence in the oral

cavity may help to investigate the mechanisms of antigenic stimulation and to better
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understand the immune response of the oral mucosa (Borges et al., 2015). Increased
levels of total IgA isoform antibodies in the blood of chagasic patients have been
related to digestive forms of the disease (Sa Ferreira, Galvao-Castro, Macedo, &
Castro, 1983). A study showed higher levels of IgA anti-amastigotes in the blood in
the chronic digestive form of Chagas disease, especially in patients with severe
esophageal involvement (Primavera et al., 1988), hence suggesting that IgA levels
could be used as markers for the early diagnosis of esophageal lesions in Chagas
disease. This is believed to occur due to local mucosal damage caused by
esophageal content retained in the area with altered motility, which would allow for
food and bacterial antigens that do not usually cross the epithelial barrier to
eventually enter the circulation (Walker, Isselbacher, & Bloch 1974). These antigens
would stimulate the precursors of IgA-producing plasma cells located in the lamina
propria of the gastrointestinal tract (Walker, Isselbache & Bloch, 1974). Nonetheless,
as there were no differences in IgA levels between chagasic and non-chagasic
patients in the present study, we believe that the saliva was not responsible for the
blood disorders found in other studies, perhaps due to the fact that IgA is more
diluted in saliva than in blood.

There was not a significant difference in salivary IgM and IgG levels between
the groups, which is in consonance with previous studies on blood (Freitas, Costa,
Pereira, Quintdo, & Souza, 1976; Marsden, Seah, Mott, Prata, & Platt, 1970).
However, other authors have reported increases in blood 1gG levels in chronic
chagasic patients (Lelchuk, Dalmasso, Inglesini, Alvarez, & Cerizola, 1970; Vattuone,
Szarfman, & Gonzklez-Cappa, 1973). These contradictory results may be attributed
to methodological differences associated with samples from control patients used in

the experiments (Brener, 1980; Sa Ferreira, Galvao-Castro, Macedo, & Castro,
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1983), as many of these studies had not been performed in endemic areas of
Chagas disease (Sa Ferreira, Galvao-Castro, Macedo, & Castro, 1983).

It is known an experiment with dogs, there was increased production of blood
IgM in the acute phase of T. cruzi infection only until day 28 (Coura-Vital et al., 2008).
When Chagas disease becomes chronic, specific IgM immunity is terminated and
induction of T. cruzi-specific IgG production is triggered (Coura-Vital et al., 2008).
High levels of specific IgGs are thought to be important for the elimination of blood
forms of the parasite and for the reduction of mortality rates (Brodskyn, Silva,
Takehara, & Mota, 1989; Cordeiro et al., 2001). Even though there are no studies in
the literature assessing the levels of total salivary immunoglobulin in Chagas
disease, the results of this study indicate that the levels of salivary immunoglobulin
do not play an important role in the pathogenesis of Chagas disease.

Although there were no significant differences regarding tongue function and
total salivary immunoglobulin levels, the highest salivary flow rate in patients with the
mixed form of Chagas disease with presence of megaesophagus may likely occur
due to esophageal abnormalities and/or changes in salivary glands caused by

chronic Chagas disease.
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Figure Legends
Fig. 1 - Analysis of tongue function through speech therapy evaluation.
Fig. 2 - Collection of saliva.
Fig. 3 - Comparison of salivary flow rate between cardiac chagasic individuals,
chagasic individuals with the mixed form of the disease with the presence of
megaesophagus, and non-chagasic individuals. ANOVA, post-test (Tukey'’s test), p =

0.0302.
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Table 1
Click here to download high resolution image

Table 1 - Data demographics of groups: chagasics cardiac form, chagasics mixed form with megaesophagus and non-
chagasics.

Chagasics Chagasics mixed form with Non-chagasics
cardiac form (n =6) megaesophagus (n=11) (n =20)
Ethnicity * (C/NC) 5:1 11:0 19:1
Gender** (M/F) 4:2 74 8:12
Age*** 69.2+4.4 65.7+ 10.7 66.4+ 10.7

C= Caucasians; NC=Non-Caucasians; M= Male; F= Female; *Exact of Fisher Test, p=0.6419; ** Exact of Fisher
Test, p=0.4256; *** ANOVA Test, p=0.7837 groups values about age expressed in mean + standard deviation.
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Table 2
Click here to download high resolution image

Table 2 - Analyses of tongue function.

Chagasics Chagasics mixed form with Non-chagasics
cardiac form megaesophagus (n=11) (n=20)
(n =6)

Muscletone (normal/flaccid)* 1:5 4:7 8:12
Mobility(normal/amended)** 3:3 7:4 13:7
Muscle strength with counter-resistance  2:4 3:8 7:13
(yes/no)***

Muscle strength without counter- 5:1 11:0 19:1
resistance (yes/no)****

Apex lingual tapered 5:1 10:1 16:4

(with/without)*****
*Kruskal Wallis test p=0.5819; **Kruskal Wallis test p=0.4436; ***Kruskal Wallis test p=0.9090; ****Kruskal

Wallis test p=0.3560; *****Kruskal Wallis test p=0.7386.
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Table 3

Click here to download high resolution image

Table 3 - Total salivary levels of IgA, IgM, and IgG for total salivary protein of groups: chagasics cardiac
form, chagasics mixed form with megaesophagus and non-chagasics.

Chagasics Chagasics mixed form Non-chagasics
cardiac form with megaesophagus (n = 20)
(n =6) (n=11)
IgA/total protein (mg/dl)* 1.9 3.6 2.4
IgM/total protein (mg/dl)** 1.4 2.1 1.4
IgG/total protein (mg/dl)*** 0.8 1 1

*Kruskal Wallis test p=0.3881; **Kruskal Wallis test p=0.1558; ***Kruskal Wallis test p=0.6492.
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Click here to download high resolution image
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ANEXO A

TERMOS DE ESCLARECIMENTO E DE CONSENTIMENTO

MINISTERIO DA EDUCACAO
UNIVERSIDADE FEDERAL DO TRIANGULO MINEIRO - Uberaba-MG

Comité de Etica em Pesquisa- CEP

TERMO DE ESCLARECIMENTO

A doenca de Chagas tem como um dos principais 6rgdos afetados, os 6rgdos do sistema
digestdrio. Sendo a lingua parte desse sistema, e antes nunca pesquisada em humanos com a
doenca, 0 presente estudo “avaliacdo da funcdo da lingua, do fluxo salivar e dos niveis de
IgA, IgM e de IgG na saliva de pacientes chagasicos cronicos” tem como objetivo avaliar a
funcdo da lingua, utilizando método clinico e verificar componentes da saliva de pacientes
com a doenga. Como 0s avancos na area da saude ocorrem através de estudos como este, sua
participacdo € importante. Caso vocé participe, serd necessario fazermos coletas de saliva,
exames clinico, perguntas sobre sua saude geral e odontoldgica. Este estudo permitird
identificar se vocé tem reducédo da contratilidade da musculatura lingual bem como alteragdes
na saliva. Nao serd feito nenhum procedimento que traga risco a sua vida ou maior

desconforto, além da coleta da saliva e exame clinico.

Vocé podera ter todas as informagdes que quiser e poderé ndo participar da pesquisa ou retirar
seu consentimento a qualquer momento, sem prejuizo no seu atendimento. Por sua
participacdo no estudo, vocé ndo receberad qualquer valor em dinheiro, mas tera a garantia de
que todas as despesas necessarias para a realizacdo da pesquisa ndo serdo de sua
responsabilidade. Seu nhome ndo aparecera em qualquer momento do estudo, pois vocé sera

identificado com um ndmero.
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MINISTERIO DA EDUCACAO
UNIVERSIDADE FEDERAL DO TRIANGULO MINEIRO - Uberaba-MG

Comité de Etica em Pesquisa- CEP

TERMO DE CONSENTIMENTO LIVRE, APOS ESCLARECIMENTO

Eu, , li e/lou ouvi o esclarecimento acima e

compreendi para que serve o estudo e qual procedimento a que serei submetido.A explicacdo
que recebi esclarece os riscos e beneficios do estudo. Eu entendi que sou livre para
interromper minha participacdo a qualquer momento, sem justificar minha decisao e que isso
ndo afetara meu tratamento. Sei que meu nome ndo sera divulgado, que néo terei despesas e

n&o receberei dinheiro por participar do estudo. Eu concordo em participar do estudo.

Uberaba, / /

Assinatura do voluntério ou seu responsavel legal Documento de identidade

Assinatura do pesquisador responsavel Assinatura do pesquisador orientador

Telefone de contato da pesquisadora: Sanivia: 9113-8830

Em caso de duvida em relacdo a esse documento, vocé pode entrar em contato com o Comité
Etica em Pesquisa da Universidade Federal do Triangulo Mineiro, pelo telefone 3318-5854.



ANEXO B
APROVACAO DO COMITE DE ETICA EM PESQUISA

MINISTERIO DA EDUCACAO
UNIVERSIDADE FEDERAL DO TRIANGULO MINEIRO — Uberaba (MG)
COMITE DE ETICA EM PESQUISA - CEP .
Av. Frei Paulino, 30 (Centro Educacional e Administrativo da UFTM) — 2° andar — Bairro Nossa Senhora da Abadia
38025-180 - Uberaba-MG - TELEFAX: 34-3318-5854

E-mail: cep@pesqpg.uftm.edu.br

IDENTIFICAQAO
TITULO DO PROJETO: AVALIACAO DA FUNCAO DA LINGUA, DO FLUXO SALIVAR E DOS NIVEIS DE
IGA, IGG E DE TGF-B NA SALIVA DE PACIENTES CHAGASICOS CRONICOS
PESQUISADOR (A) RESPONSAVEL: SANIVIA APARECIDA L. PEREIRA
' INSTITUICAO ONDE SE REALIZARA A PESQUISA: UFTM
DATA DE ENTRADA NO CEP/UFTM: 07/03/2012
PROTOCOLO CEP/UFTM: 2256

PARECER

De acordo com as disposi¢des da Resolugdo CNS 196/96, o Comité de Etica em Pesquisa
da UFTM considera o protocolo de pesquisa aprovado, na forma (redagio e metodologia) come foi
apresentado ao Comité.

Conforme a Resolugdo 196/96, o pesquisador responséavel pelo protocolo deverd manter
sob sua guarda, pelo prazo de no minimo cinco anos, toda a documentagio referente ao protocolo
(formulério do CEP, anexos, relatorios e/ou Termos de Consentimento Livre e Esclarecidos —
TCLE assinados, quando for o caso) para atendimento ao CEP e/ou 4 Comissdo Nacional de Etica
em Pesquisa — CONEP.

Toda e qualquer alteragdo a ser realizada no protocolo deverd ser encaminhada ao CEP,
para andlise e aprovag¢io.

= O relatério anual ou final devera ser encaminhado um ano apés o inicio da realizagdo do
projeto.

Uberaba, 18 de maio de 2012.

Prof®. Ang Palmifa\Soares dos Santos

CoZr"yK brsdo CEP/UFTM
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ANEXO C

ANAMNESE
- Dados de Identificag&o:
Nome:
Datade nascimento: /[ ldade: Sexo :
Telefone:
Data da anamnese: / /

2- Queixas a respeito de cavidade oral

3- Historico do caso (Tratamentos)

4- Aspectos respiratorios :

() Rinite alérgica (  )Asma () Bronquite

() Hipertrofia de Adendide () Hipertrofia de amigadalas
() Resfriados constantes () Ronco

() Baba no travesseiro () Respiragdo oral diurna
() Respiracdo oral noturna () Outros:

Tratamentos realizados: () Homeopatia () Alopatia () Vacina
() Cirurgia de amigdala () Cirurgia de adendide
() Outros:

) Fumante ( ) N&o-fumante
) Faz uso de bebidas alcodlicas? Frequéncia:

) Hipertenséo () Diabetes

) Esta em tratamento médico?

5
(
(
() Paralisia facial () Acidente Vascular Cerebral
(
(
(

) Faz uso de medicamento de uso continuo?

) Doencas psiquiatricas

) Problema neuroldgico:

) Histérico de malformacdes craniofaciais

) Doencas infecciosas

) Alergia Qual (s)

) Outros:

(o) R N N N W W N

- Habitos viciosos e posturais:

() Bruxismo () Onicofagia ( ) Morder alingua
() Apoiodebragos ( ) Apoio de maos
Frequéncia:




Quando ocorre?

() Outros

7- Aspectos alimentares :

Alimentacéo atual :

Apresenta dificuldade na mastigagdo?

Engasgos na degluticdo?

Sensacdo de boca seca?

() Mastigacdo com labios fechados ( ) Mastigacdo com labios abertos
Mastigagdo () lenta () réapida () ruidosa
Preferéncia de lado para mastigar () direito ( )esquerdo () ndotem

Ingere liquidos durante as refeicdes ?

Outros :

8- Dores orofaciais
Qual regido:

Frequéncia:

O que provoca o0 aumento da dor:

O que faz para melhorar:

Como é a dor:

9- Tratamento Odontoldgico :
Faz ou ja fez uso de algum tipo de aparelho ortopédico ou ortoddntico ?

Qual ?

Quando iniciou o tratamento?

Quando acabou o tratamento?

Apresenta Disfungdo Temporomandibular?

Dentista:
Outras informagdes :

10- Problemas posturais :

11- Informagdes adicionais :
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ANEXO D

AVALIACAO ESTRUTURAL E FUNCIONAL (MIOFUNCIONAL) DA LINGUA

1) Postura e morfologia

( )posicéo (dorso elevado; regido alveolar inferior; assoalho bucal; entre os dentes)
() marcas

() alargada

() normal

( )espessura (grossa, fina, normal):

() simetria

2) Tonus (Estado de tensdo)

() normal
() flacida
3) Mobilidade:

Movimentos basicos: protrusdo, retracdo, elevacao, abaixamento, estalo, vibracao, rotacédo e
lateralizag&o

() normal
() alterada

4) Forga:

- forca com contra-resisténcia: ( )sim () ndo
- forca sem contra-resisténcia: ( )sim () ndo

5) Apice lingual afilado:

( )com

()sem



