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RESUMO

O objetivo deste estudo foi investigar se biomarcadores especificos podem ser
identificados na saliva de criangas com AOS, e se os modos vibracionais
expressos diferencialmente, podem ser preditores de diagndstico para AOS.
Atualmente, o diagnéstico da AOS é realizado através do PSG, que € um
exame caro, dificil de realizar e ndo € uma realidade em um sistema publico de
saude. Consequentemente, a busca por um método de diagndstico mais
barato, mais acessivel e que seja especifico da AOS é de grande interesse.
Para isso, este estudo investigou a aplicagdo potencial da espectroscopia no
infravermelho por transformada de Fourier com refletancia total atenuada (ATR-
FTIR) para discriminar criangas com AOS dos controles usando saliva. Foi
coletada saliva de 40 criangas, sendo 26 criangas com AOS e 14 controles
saudaveis (sem AOS). Os exames clinicos e fisicos e os questionarios OSA-18
e SBQ foram aplicados a todas as criangas. Apenas pacientes com AOS foram
submetidos a polissonografia e todos tiveram suas amostras de saliva
estimuladas coletadas apds o sono noturno. O perfil salivar foi analisado por
espectroscopia ATR-FTIR e os modos vibracionais foram avaliados quanto a
capacidade diagnostica pela curva ROC. O espectro infravermelho salivar de
criangas ndao AOS e AOS apresentou varios modos vibracionais unicos e,
destes, cinco modos vibracionais em 2962, 1670, 1638, 1548 e 1075 cm™
foram pré-validados como biomarcadores de diagnodstico em potencial pela
analise de curva ROC com AUC superior a 0,8 na analise da curva ROC.
Dessa forma conclui-se que os biomarcadores espectrais salivares descobertos
usando analise univariada podem fornecer uma nova alternativa robusta para o

monitoramento da AOS, usando uma tecnologia verde e nao invasiva.

Key Words: ATR-FTIR, Biomarcadores, Criangas, Diagnostico, AOS, Saliva,
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ABSTRACT

The aim of this study was to investigate whether specific biomarkers can be
identified in the saliva of children with OSA, and whether the vibrational modes
expressed differentially, can be predictors of diagnosis for OSA. Currently, the
diagnosis of OSA is performed through PSG, which is an expensive test,
difficult to perform and is not a reality in a public health system. Consequently,
the search for a cheaper, more accessible and OSA specific diagnostic method
is of great interest. To this end, this study investigated the potential application
of Fourier transform infrared spectroscopy with attenuated total reflectance
(ATR-FTIR) to discriminate children with OSA from paired controls using saliva.
Saliva was collected from 40 children, 26 children with OSA and 14 healthy
controls matched (without OSA). Clinical and physical examinations and the
OSA-18 and SBQ questionnaires were applied to all 40 children. Only patients
with  OSA underwent polysomnography and all had their stimulated saliva
samples collected after night sleep. The salivary profile was analysed by ATR-
FTIR spectroscopy and the vibrational modes were evaluated for diagnostic
capacity using the ROC curve. The salivary infrared spectrum of Non-OSA and
OSA children showed several unique vibrational modes and, of these, five
vibrational modes in 2962, 1670, 1638, 1548 and 1075 cm™ were pre-validated
as potential diagnostic biomarkers by the analysis of the ROC curve with AUC
greater than 0.8 in the analysis of the ROC curve. Thus, it is concluded that the
salivary spectral biomarkers discovered using univariate analysis can provide a
new robust alternative for OSA monitoring, using green and non-invasive

technology.

Key Words: ATR-FTIR, Biomarkers, Children, Diagnosis, OSA, Saliva,
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1.INTRODUGAO

Privacdo de sono é um problema generalizado na sociedade de hoje,
que pode levar a diminuicdo do desempenho cognitivo, aumento da sonoléncia
diurna e redugdo da produtividade, trazendo para seus portadores sérios
problemas intersociais. Além disso, aumenta a suscetibilidade a problemas de
saude, incluindo déficits cardiovasculares, diminuicdo na imunidade, entre
outros [1].

Apneia obstrutiva do sono (AOS) é uma potencial causa de morbidade
em adultos (30%) e criangas (2% a 7%). E caracterizada pela obstrugéo total
(apneia) ou parcial (hipopneia) das vias aéreas superiores, 0 que interrompe 0s
padrées normais de ventilacdo durante o sono, levando a micro despertares
noturnos [2]. Hipodxia intermitente e fragmentacdo do sono frequentes,
desencadeiam stress, inclusive nos niveis celulares, prejudicando assim a
homeostasia do organismo [3]. A AOS pode afetar criangas de todas as idades,
com uma maior prevaléncia em pré-escolares, nao reportando diferenca entre
géneros. Apresenta em seus portadores alteracbes comportamentais, pouco
rendimento escolar, hiperatividade, enurese noturna, terror noturno, depressao,
insénia, problemas psicoloégicos e sonoléncia excessiva diurna e, comorbidades
tais como déficits de aprendizado, disfungbes metabdlicas e endoteliais [1].
Sendo, portanto, considerada um problema de saude publica [4].

A investigacado clinica preditora para diagnostico de AOS se baseia
inicialmente na histéria do paciente, na avali¢ao clinica e no exame fisico, mas
a avaliacao polissonografica de laboratério durante noite completa € o método
considerado como padrao ouro de diagnéstico para AOS [5]. Porém, na pratica
clinica € pouco utilizada pois, trata-se de um exame caro, de dificil execucao,
existem poucos leitos disponiveis € ndo € uma realidade nos sistemas publicos
de saude.[6]

Este fato estimulou, entdo, a busca por métodos diagndsticos
alternativos. Recentemente, as proteinas salivares ganharam interesse como

método diagndstico e para avaliacdo de doencas [7]. E facilmente coletada e

-13-



estocada, e é ideal por conter biomarcadores soluveis especificos em sua
composicgao. [8]

Espectroscopia infravermelho por transformada de Fourier (FTIR) € um
dos métodos de anadlise para a determinacdo da estrutura de pequenas
moléculas, que utiliza a interagdo da radiagcéo eletromagnética com a matéria
com a finalidade de obter informacgdes fisicas e quimicas de um determinado
material ou amostra biolégica [9]. Os modos vibracionais de IR de amostras
biolégicas, como a saliva, podem ser consideradas impressdes digitais
bioquimicas que se correlacionam diretamente com a presenga ou auséncia de
doencas além disso, fornecem a base para a determinacdo quantitativa de
varias analises de interesse diagndstico [10,11].

Assim sendo, o objetivo deste estudo foi investigar se biomarcadores
espectrais especificos podem ser identificados na saliva de criangas
diagnosticadas com AOS, e se o0s modos vibracionais expressos
diferencialmente podem ser preditores de diagndstico para AQOS. Para isso
foram avaliados quantitativamente os perfis dos modos vibracionais salivares
de criangas com AOS leve, moderada e grave, e de criangcas sem AOS, e

confrontados com PSG das criancas doentes.
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Abstract
Background and Objectives: Currently the OSA diagnosis is performed

through PSG, which is an expensive exam, difficult to perform, and not a reality
in a public health system. Consequently, the search for a cheaper, more
accessible and OSA-specific diagnostic method is of great interest. This study
investigated the potential application of Attenuated Total Reflectance Fourier t
Transform Infrared (ATR-FTIR) spectroscopy to discriminate children with OSA
than matched-controls using saliva.

Materials and Methods: Saliva was collected in 26 OSA children and 14
matched-healthy controls (Non-OSA). The clinical and physical exams and
OSA-18 and SBQ questionnaires were applied to all 40 children. Only OSA
patients underwent polysomnography and all had their stimulated saliva
samples collected after night's sleep. The salivary profile was analysed by ATR-
FTIR spectroscopy and the vibrational modes were evaluated for diagnostic
capacity using the ROC curve.

Results: The salivary infrared spectrum of Non-OSA and OSA children
displayed several unique vibrational modes and from these, five vibrational
modes at 2962, 1670, 1638, 1548 and 1075 cm™' were pre-validated as
potential diagnostic biomarkers by ROC curve analysis with AUC more than 0.8
in ROC curve analysis (p > 0.05).

Conclusion: Spectral salivary biomarkers discovered using univariate analysis
may provide a novel robust alternative for OSA monitoring using a non-invasive

and green technology.

Mesh Terms: ATR-FTIR, Biomarkers, Children, Diagnosis, OSA
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Introduction

Obstructive Sleep Apnea (OSA) is a respiratory disorder, characterized
by total or partial obstruction of upper airways during sleep, leading to
hypoxemia and awakening. It is estimated that 2% to 7% of preschool-aged [1]
are affected and 936 million adults [2] who may present with or without
symptoms and are accompanied by neurocognitive and cardiovascular
sequalae [3,4,5].

The OSA predictive investigation diagnosis is based on patient’s
history, clinical and physical examinations, even though the full night
polysomnography evaluation (PSG) is the gold standard for this diagnosis [6].
Despite evidence of the increase prevalence and incidence of this disease in
children, routine evaluation in clinical practice is unusual, and one of the
reasons for this, is the difficulty of access and high added value, complex
execution and low availability in the public system health from the PSG exam
[7].

Due to the technological development of the last years, saliva as a fluid
for the diagnosis and monitoring of diseases as well as for the evaluation of the
effectiveness of treatments, presents itself as a great potential for use in
paediatric patients since it is easily collected and stored [8]. Salivary diagnosis
is a dynamic field that has been incorporated as an increasing form of disease
diagnosis, also applied to OSA [9].

The Attenuated Total Reflectance Fourier Transform Infrared (ATR-FTIR)
Spectroscopy is sensitive, non-destructive, reagent-free and highly reproducible
global analytical technique that identifies structural molecules based on its
infrared (IR) fingerprints [10]. It is one of the analysis methods for determining
the structure of small molecules that can be found in saliva [11]. The infrared
vibrational modes of ATR-FTIR can be considered a molecular fingerprint that
can correlate directly with the presence or absence of disease, provide the
basis for multiple quantitative determination applied to diagnostic interest
[12,13].

Therefore, the aim of this study was to investigate whether specific

spectral biomarkers as well as their vibrational modes can be applied in OSA
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diagnosis. For that, the salivary infrared vibrational modes of children with OSA

determined by PSG were compared to matched-healthy control children.

Materials and Methods

This observational study was approved by the Research Ethics
Committee of the Federal University of Uberlandia (#protocol: 1,582,746).40
children between 5 to 11 years old and BMI below 25 were recruited, 26 in the
OSA group and 14 in the Non-OSA group. The patients in the OSA group had a
clinical sign or symptom for OSA (snoring or apnea witnessed) confirmed later
by PSG. The Non-OSA group did not present signs and clinical symptoms of
OSA [14]. The exclusion criteria for both groups were patients who have already
undergone some treatment for OSA, patients with neuromuscular diseases,

patients with genetic syndromes and with craniofacial malformations [15].

The SBQ and the OSA-18 Questionnaires

All patients’ parents completed the SBQ (Sleep Behaviour Questionnaire)
questionnaires [16] to assess the subjective quality of sleep and the OSA -18
(Obstructive Apnea-18), to assess quality of life [17].

The SBQ questionnaire is intended for the assessment of sleep disorders
in children and their influences on behaviour, development, school performance
and family relationships [16]. Each item is numbered in a score of 1 (never) and
5 (always), according to the frequency that each item has presented in the last
6 weeks.

The OSA-18 Questionnaire was developed [18] to assess the impact of
OSA in children and their caregivers based on 18 questions, which asks
caregivers in 5 domains: sleep disorders, physical symptoms, emotional
problems, everyday problems and informant's opinion (showing caregiver
concerns). Each item has a score on a 7-point scale ranging from 1 (never) to 7
(always).

For both, the high score reveals impaired quality of sleep and life,

respectively.
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Polysomnography (PSG)

The polysomnography examination was performed at full night of sleep
and interpreted by trained professionals using ALICE 5 ® equipment
(Alice®/Respironics) Electroencephalogram (EEG) channels (C3 / A2, C4 / A1,
01/ A2, 02 / A1), bilateral electrooculogram (EOG) and submental
electromyography (EMG) for sleep staging. Airflow was assessed using a
pressure transducer nasal cannula, and the thermistor was used for oral and
nasal breathing. Chest and abdominal movements were measured using
uncalibrated inductance plethysmography, oxyhemoglobin saturation was
measured by measuring pulse oximetry and snoring was measured by tracheal
microphone. Sleep position was determined using position sensor.
Electrocardiogram (modified ECG — V2) was also used. Sleep staging was
performed according to the criteria of Rechtschaffen and Sales [19].

Respiratory events were analysed according the American Academy of
Sleep Medicine (AASM) [20]. Apnea in children was defined as continuous
breathing effort with an absolute termination of air flow through the nose and
mouth, lasting 2 or more consecutive breathing cycles. Obstructive hypopnea
was defined as an abnormal respiratory event with at least 30% reduction in
airflow, together with oxygen stimulation or desaturation 23%from baseline. AHI
(obstructive sleep apnea / hypopnea index) was defined as the total number of
apneas and hypopneas per hour of electroencephalographic sleep and
recorded in the analysis [20]. Patients with mild OSA were considered to have
1<AHI<5 events / hour of sleep, moderate OSA 5<AHI<10 and severe OSA

AHI=10 events / hour of sleep.

Saliva Collection and Processing

The salivary collection was performed in the morning, about 30 minutes
after waking up, in a liquid and solid fast. In the OSA group, it occurred the
following morning, after the PSG exam. [21,22]. Salivary fluid was collected by
means of smooth cylinders, the Salivettes® (Sarstedt AG & Co, Numbrecht,

DEU). Cotton rolls measuring approximately 1cm thick and 3.5cm long are
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contained inside. The rollers absorb saliva, after stimulated collection of 5
minutes, are later introduced into Salivette® and properly closed. After
collection, the salivary sample tube (Salivette®) was stored in a freezer at -80° ¢
(ColdLab® Laboratory Equipment, S.P, BRA) until analysis.

The recovery of the salivary sample absorbed by the cotton roller by
thawing at room temperature and centrifugation (Centribio® Biovera Laboratory
Equipment, RJ, BRA Centrifuge) of Salivette® (STRAZDINS et al.,2005 — [23]).
This process is done at 3000 rpm at 2 minutes. Samples are aliquoted by
pipette (Digipet® Variable Volume Monochannel Micropipette, BRA), with
disposable tips for each sample, and transferred to a 1.5 ml Eppendorf tub
(Eppendorf®, Hauppauge, NY, USA).

Chemical profile in stimulated saliva by ATR-FTIR Spectroscopy

Saliva samples were analysed in the 4000 cm-1 to 400 cm-1 region using
attenuated full-reflection infrared spectroscopy (ATR-FTIR Vertex 70®, Bruker
Optics, Reinstetten, Germany). The infrared ray penetration depth over the
crystal formed films varies between 0.1 e 0.2um and depends on the
wavelength, beam incidence angle and refractive index of the ATR, in this case
a diamond Crystal material. In ATR crystal, the infrared beam is reflected
toward the sample of saliva. 2ul of sample were dried (2 min and 30sec.) on the
ATR crystal, and then the sample spectra were acquired. 32 scans were made

to obtain the profile each sample with a resolution of 4 cm-'.

Spectra data evaluation procedures

The process of evaluating and interpreting spectral data was performed
blindly for the presence or absence of the disease.

The spectra were obtained in Absorbance, normalized by the vector
method and subsequently the baseline was corrected. The profile was obtained
using Opus 6.5 Software (Bruker Optics, Reinstetten, Germany). Original data
were plotted on Origin Pro 9.0 (Origin Lab, Northampton, MA, USA) to perform
second derivative analysis. The second derivate was obtained applying the

Savitzky-Golay algorithm with polynomial order 5. The normalization of the
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second derivates was made by means and the levels were calculated by the
band intensities.

Sensitivity and specificity values were calculated based on the external
test set as follows:

The specificity or true negative rate is characterized as the percentage of
healthy matched control children who are correctly identified as being Non-OSA

subjects:

Specificity =

TN +FP
The quantity 1-specificity is the false positive rate and is the percentage
of subjects that are incorrectly identified as OSA subjects.
The sensitivity or true positive rate is defined as the percentage of

patients who are correctly identified as OSA subjects:

Sensitivity =
TP+FN

Where TP stands for true positives; TN for true negatives; FP for false positives;

and FN for false negatives.

Statistical analysis

Statistical analysis was performed using SPSS software version 24.0.

The evaluation of the data distribution according to the normality curve
was performed according the Kolmogorov Smirnov test. The data that do not
follow the normality curve were standardized by the Z score. The comparison of
continuous data between groups, and the data on bandwidth and peak intensity
were analysed using T-test for independent samples. The comparison of
categorical data was performed using the Chi Square / Fisher's Exact test.
Pearson’s correlation was performed to analyse AHI measurements and quality
of life domains

For all Biomarker candidates, the Receiver Operating Characterisc
(ROC) Curve was obtained with sensitivity and specificity values. All of these
were performed using GraphPad Prism software (GraphPad Prism7.00 for
Windows, GraphPad Software, San Diego, CA, USA).
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Only p values <0.05 were considered significant and the results were
expressed as mean +SD. Continuous data were represented in absolute

frequency and percentage (%).

Results:

TABLE1 - Demographic and Anthropometric Characteristics in the Study Population

OSA Non-OSA p
(n=26) (n=14)
Age, years 8+2 8+1.5 0.22
Gender (M:F) 1:1 9:5 0.16
BMI- Kg/m? 18.1+5 - -
AHI 10.68+7.6 - -

The data are shown as the mean values + SEM.

The study population characteristics (age, gender and BMI) are
presented in Table 1. 50% were women in the OSA group versus 28.6% in the
Non-OSA group. As described in table 1, the age mean was similar (p > 0.05) in
both groups. The BMI of OSA children were 18.1£5 Kg/m?. When comparing

sex, there was no difference between groups (p=0.16).

Subjective Parameters

SBQ and OSA-18 Questionnaires

The final SBQ score was increased (p < 0.05) in the OSA compared to
Non-OSA children. Likewise, patients with sleep apnea had the full impact of
OSA-18, daily problems and the informant's opinion with statistically higher
levels demonstrating that they have a worse quality of sleep and life compared
to Non-OSA children (Table 2).
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TABLE?2 - Comparision of Study population questionnaire Score

Non-Osa Osa

Mean=DP Mean=DP p
SBQ 52.30+11.14 73.15+13.38 <0,001
OSA 18 - Total impact 37.22+19.65 73.19+£23.25 <0.001
OSA 18 - Sleep 6.90+4.40 18.5+6.60 <0.001
OSA 18 - Physical 8.90+5.46 15.03+£9.64 0.063
OSA 18 - Emotional 7.10+3.48 10.73+6.61 0.176
OSA 18 - Daytime 6.20+3.08 11.53+4.46 0.001
OSA 18 - Informant 6.50+4.85 18.30+7.20 <0.001

The data are shown as the mean values + SEM.

Polysomnographic Parameters

In assessing severity, the OSA group had 46.2% (n=12) patients with
severe OSA, 19.2% (n=5) patients with moderate OSA and 34.6% (n=9) with

mild OSA (Table 3). The polysomnography parameters of OSA children are

describe in table 4.

TABLE 3- AHI severity (OSA GROUP)

Severity % N
Mild 46.2 12
M oderate 19.2 5
Severe 34.6 9

The data are shown as pecentage
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TABLE 4 - Polysomnographyc Characteristics of Children With OSA

Variables Mean+SD Standard Of Normality
TRT - Total registration time - min 491.42+37.06 Minimun Of 4 Hours
TST - Total sleep time - min 455.40+49.18 -
Sleep efficiency, % 94.41£6.05 >85
Sleep-onset latence, min 13.19+£33.84 <30
REM-onset latence, min 160.15+90.19 70-120
WASO, min 26.05+£27.63 -
Arousal index, enents/night 66.38+£27.82 <10
Micro arousal index, events/hr 9.62+3.65 <10
Stage 1 sleep, % 3.46+3.90 <5
Stage 2 sleep, % 16.28+9.80 50-55
Stage 3 sleep, % 66.00£11.67 >15
REM, % 14.63+6.12 20-25
PMM 1.87+1.04 <5
Arousal mean saturation % 97.344+0.93 90
Minimum saturation % 88.61£7.13 90
Saturation REM % 97.00+1.54 90
Saturation NREM % 96.76+0.99 90
AHI, events/hr 10.68+7.60 <1
AHI REM, events/hr 13.60+11.42 <1
AHI NREM, events/hr 10.61+7.54 <1
AHI TST, events/hr 10.87+7.44 <1
Heart rate mean 82.71£9.91 -
Highest heart rate 97.57£10.18 -

The data are show as the mean values, SD (T RT-total registration time, T ST -total sleep time, REM-rapid

Eye moviment, WASO-wake after sleep onset , PMM-periodic member movements,AHI-apnea’hypopnea

index, NREM-nom rapid Eye moviment)

Correlation between AHI, SBQ and OSA-18 in the OSA Population

The table 5 shows Pearson’s correlation between the AHI with SBQ and

OSA-18 questionnaires. It was observed that the AHI in the OSA children was

positively correlated (p < 0.05) with sleep disorders, daytime problems and the

informant’s opinion on the OSA-18 questionnaire, indicating that the presence

of sleep apnea has an important impact on the quality of life in this population.
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TABLE 5- Correlation Between AHI, SBQ and OSA-18 in the OSA Population

AHI
r p
Age, years 0.173 0.398
BMI- Kg/m? 0.215 0.291
SBQ 0.216 0.290
OSA 18 - Total impact 0.247 0.225
OSA 18 - Sleep 0.408* 0.039*
OSA 18 - Physical -0.225 0.268
OSA 18 - Emotional -0.025 0.904
OSA 18 - Daytime 0.396* 0.045*
OSA 18 - Informant 0.450* 0.021*

Pearson Correlation p<0.05*

Average spectra of saliva

A representative infrared average spectrum of saliva from Non-OSA and
OSA children, which indicates several functional groups derived from proteins,
lipids, glycoproteins and nucleic acid, is demonstrated in Figure 1. These

representative spectra suggest paramount changes among Non-OSA and OSA
children.

1638 cm!
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] : —— OSA
0,10 4 1548 cm""
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Figure 1. Average ATR-FTIR spectra (3000-400 cm™') in saliva of Non-OSA
subjects and OSA patients.
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Spectral bands analyzed by IR spectroscopy

The expression of each molecular component based on their infrared
spectral band areas were analyzed in saliva. Besides, we also showed three
infrared spectral bands (2962 cm-', 1638 cm™' and 1548 cm-"') with significant
potential for salivary OSA diagnostic (Figure 2). OSA induced an increase (p <
0.05) at 2962 cm™', 1638 cm™' and 1548 cm' bands compared with Non-OSA
children (Figure 2.A, 2.C and 2.E). Bearing in mind that sensitivity and
specificity are elementary data to determine the accuracy of diagnostic test, the
OSA potential diagnostic of these infrared spectral bands were tested by ROC
curve analysis. The area under the curve (AUC) was 0.8613 (p: 0.0002) to
2962 cm™ spectral band. To a cutoff value of 0.0185, the corresponding
sensitivity and specificity were 73.08% and 92.86%, respectively (Figure 2.B). In
ROC analysis, the AUC of 1638 cm-! band was 0.8571 (p: 0.0002). To a cutoff
value of 2.561, the corresponding sensitivity and specificity were 76.92% and
85.71%, respectively (Figure 2D). In ROC analysis, the AUC of 1548 cm-" band
was 0.8503 (p: 0.0003). To a cutoff value of 0.5635, the respective sensitivity
and specificity were 88.46% and 71.43%, respectively (Figure 2.F).
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Second derivative is an analysis which enhances the separation of
overlapping vibrational modes. It can perform a practical and more accurate
method than routinely used in infrared absorption spectrum analysis. So, we
also carried out the second derivative of ATR-FTIR spectrum. A salivary
representative second derivative infrared average spectrum from Non-OSA and
OSA children is demonstrated in Figure 3. These representative spectra
suggest paramount changes among Non-OSA and OSA children. The
assignments of each vibrational modes with higher diagnostic potential verified

in figure 3 are indicated in Table 6.

Table 6. Assignments of main wavenumbers of saliva ATR-FTIR spectra.
Assignments based on different references [24,25,26]. Abbreviations: v =

stretching vibrations, s= symmetric vibrations and as = asymmetric vibrations.

Peak (cm™) Proposed vibrational mode Molecular source
2962 v as CH3 Lipids
1670 anti-parallel B-turn of Amide I Protein
1638 B-sheet structure of amide I Protein
1548 Amide II [v (N-H), v (C-N)] Protein
1075 v s PO2- Nucleic acids
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Figure 3. Average ATR-FTIR of a second derivative spectra (3000-400 cm™') in
saliva of Non-OSA subjects and OSA patients.

In figure 4, we depicted a specific salivary representative second
derivative infrared average spectrum from Non-OSA and OSA children (Figure
4.A, 4.D, 4.G, 4.J and 4.M). It is important point out that the expression of each
vibrational mode is calculate by the intensity of valley. The 2962 cm-1
vibrational mode was increased (p<0.05) in the saliva of OSA patients
compared to Non-OSA subjects (Fig. 4.B). In ROC analysis, the AUC of second
derivative 2962 cm-1 vibrational mode was 0.794 (p: 0.0024). To a cutoff value
of -0.0115, the respective sensitivity and specificity were 88.46% and 78.57%,
respectively (Figure 4.C). The 1670 cm-' vibrational mode was decreased
(p<0.05) in the saliva of OSA patients compared to Non-OSA subjects (Fig.
4.E). In ROC analysis, the AUC of second derivative 1670 cm™" vibrational mode
was 0.8022 (p: 0.0018). To a cutoff value of -0.0459, the respective sensitivity
and specificity were 80.77% and 71.43%, respectively (Figure 4.F). The 1638
cm-! vibrational mode was increased (p<0.05) in the saliva of OSA patients
compared to Non-OSA subjects (Fig. 4.H). In ROC analysis, the AUC of second
derivative 1638 cm- vibrational mode was 0.794 (p: 0.0024). To a cutoff value

of -0.0743, the respective sensitivity and specificity were 80.77% and 78.57%,
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respectively (Figure 4.1). The 1548 cm vibrational mode was increased
(p<0.05) in the saliva of OSA patients compared to Non-OSA subjects (Fig.
4.K). In ROC analysis, the AUC of second derivative 1548 cm-' vibrational mode
was 0.8709 (p: 0.0001). To a cutoff value of -0.0713, the respective sensitivity
and specificity were 80.77% and 85.71%, respectively (Figure 4.L). The 1075
cm' vibrational mode was decreased (p<0.05) in the saliva of OSA patients
compared to Non-OSA subjects (Fig. 4.N). In ROC analysis, the AUC of second
derivative 1075 cm-" vibrational mode was 0.761 (p: 0.0071). To a cutoff value
of -0.07728, the respective sensitivity and specificity were 76.92% and 71.43%,
respectively (Figure 4.0).
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modes, band area and ROC curve of vibrational modes at 2962, 1670, 1638,
1548 and 1075 cm" in saliva of Non-OSA subjects and OSA patients. *p < 0.05
vs non-OSA.

Discussion

Bearing in mind that, until now, the potential salivary biomarkers to OSA
diagnosis use costly and non-sustainable reagents, the development of a
reagent free, cost effective, fastly and non-invasive platform for the OSA
diagnosis has the potential to promote leading role on early patient treatment,
which can save resources in health services and improve the quality of life. To
perform it, we measured the clinical applicability of infrared spectral salivary
analysis to OSA based on ATR-FTIR spectroscopy. Five potential infrared
spectral vibrational modes were detected by ATR-FTIR with significant accuracy
to discriminate children with OSA than healthy-matched subjects. These
infrared spectral salivary biomarkers can be considered potential candidates for
diagnose OSA in clinical practice.

Currently, the PSG exam is the gold standard to OSA diagnosis,
however, it has several limitations, such as: costly, potentially stressful, the
evaluation is performed in a unusually patient context (hospital or sleep clinic),
thus, a typical situation is not measured [27]. Although questionnaires validated
in the literature have been used both as predictors of diagnosis and as a tool for
evaluating therapeutic results, its effectiveness remain unknowing comparison
to PSG tests [28,29,16]. As expected, we demonstrated a positive correlation
between the parameters of the questionnaire and the PSG data, stating that
OSA-18 can be a good indicator of disease, but still needing further scientific
validation. The proportion of OSA severity is not established, here the severity
of OSA in our samples indicate 46.2% patients with severe OSA, 19.2%
patients with moderate OSA and 34.6% with mild OSA. The substitution of PSG
and clinical evaluation to a new non-invasive diagnostic technology in this field

with equivalent accuracy can became useful in clinical practice.
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The concentration of the salivary functional groups can be measured by
band area in original data and by the valley intensity of each vibrational mode in
a second derivative analysis [30]. As with other molecular tests, ATR-FTIR is
capable to reveal functional groups present in numerous components of
biofluids, which leads us to the analysis focus in the spectral biomarker
performance over a distinction of specific type of protein/lipid or nucleic acid.
Although salivary a-amylase [31] and salivary cortisol [32] have been described
to OSA diagnosis, they are unlikely to become a clinical reality due to the
potential of several diseases change your expression.

Therefore, OSA promotes increase of vibrational modes at 2962 cm™' in
the original and second derivative data, which is related with a stretching
asymmetric vibration of CHs described in lipidic cellular components. In this
lipid field, the sphingomyelin (SM d18:1/12:0), phosphatidylcholine,
lysophosphatidylcholines,phosphoethanolamine, lysophosphatidylethanolamine,
phosphoserine , lysophosphatidic acids, fatty acids and eicosanoids were also
increased in blood of OSA patients [33,34], which suggest that lipid components
in blood can be transported to saliva. Besides, it was showed that salivary
cortisol may be a useful biomarker of OSA in  pediatric  subjects  [35].
Considering the lipid characteristics of this hormone, it can be related with
changes in 2962 cm! vibrational mode in saliva of OSA children. This salivary
vibrational mode performed more than 80% of accuracy to discriminate OSA
and matched control children in both original and second derivative analysis,
reaching 88.4% in the sensitivity and 92.8% the specificity in the association of
both analyses.

Amide | and amide Il vibrational modes are the most prominents
functional groups of the protein backbone, and it is related to protein secondary
structural components. The amide | spectra provide a reliable method for
determination of chemical changes in proteins and polypeptides. [36]. The
reduction in the intensity of 1670 cm-! vibrational mode that indicates anti-
parallel B-turn of Amide | and the associated increase in the 1638 cm-! that
indicates B-sheet structure of amide I, suggest that OSA can promotes possible

transcriptional, traductional, or post-traductional changes in salivary protein
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constituted by amide |. Considering that saliva can express >3000 proteins [37],
the ATR-FTIR analysis is not able to suggest changes in a specific protein,
however these data can indicate that some salivary proteins or peptides are
changed in OSA. Although it is difficult to interpret, the reduction in amide Il was
identified in aged saliva, indicating degradation of this protein structures [38].
Considering that the expression of 1548 cm™' was increased in OSA children,
this scenario suggests that the enzymatic degradation in salivary proteins upon
their release into the oral cavity [39] are reduced in OSA. Further proteomic
studies are needed to a salivary global protein profile in OSA.

Saliva has been considered a non-invasive attractive biofluid providing
good quality DNA to comprehensive studies about epigenetic mechanisms [40].
Saliva is a rich source of cell-free and exosomal DNA that can monitor the
overall health and discriminate diseases [41]. The lower expression of
vibrational mode at 1075 cm-1 suggests reduction in DNA material in OSA
patients.

Although the present data reinforces that ATR-FTIR platforms are
profitable for spectral biomarkers identification for OSA diagnosis using saliva,
this is an innovative exploratory study using ATR-FTIR technology for this
purpose in OSA. Our findings should be interpreted in light of some limitations.
First, although we assessed patients severe, moderate and mild OSA together,
we did not test the accuracy in each sub-group due to dimensions requires
larger samples to capture optimal distributions. Further studies are needed to
evaluate the effect of treatments in these innovative infrared spectral vibrational
modes to diagnose OSA using saliva.

In conclusion, we showed that ATR-FTIR spectroscopy in saliva is
suitable to differentiate OSA from healthy-matched children. Our data suggest
specific fingerprint regions as the salivary infrared spectral modes 2962, 1670,
1638, 1548 and 1075 cm' are suitable to discriminate OSA from healthy-
matched children in univariate analysis. In summary, these salivary results
indicate that ATR-FTIR spectroscopy coupled with univariate analysis has the
potential to provide a novel non-invasive approach to OSA diagnosis, which can

assist clinical decision in health centers.
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ANEXOS

Anexo 1 Questionario OSA-18

A8 Varsdo Portuguess (D28-10-) Date:_ [ ¢

Meome:

Em cada uma das queshies seguintes, faca por favor um circulo & voka do rdmeno gue melhor descreve a freguéncia de cada sindoma ou
problema nas dtimas 4 semanas. Assinala apenas um ndmeno por questio. Obrigado.

Munca

Quase  Pouces  Algumas Sastantes  Guase
Mumca Vezes  Veses wvemes  Sempre

Sempre

Dissiirbic do Sara

Mas (ftimas 4 semanas, com gue frequéncia o seu filho teve...

.. ressonar ato?

.. paragens na respiracEa durante a noie?

.. ENJES]0E OU FespiracEn ofegate enguants dormia?
.. 50ND agiedo ou desperiares fnequentes do sono?

I B

[LET R (U (51

L Lo La L

[ A A 8

Lo R R T ]

oM oo

el

Sinfomas Fisicos

Mas (ftimas 4 semanas, com que frequéncia o seu filho teve. .

.. respiracdn bucal por abstnucio nasal?

.. resfrizdos ou infeccfes das vias afreas superiones?
.. SECrecan & congestao nasal?

_. dificuldade =m =ngolir aimensas?

B

[ T U )

L Ld g

O S S

[ R R o R

mo@m mn

I I

Froblemas =miacionai

Mas Gitimas 4 semanas, com gue frequéncia o seu filho teve...

... aiteragdes do humor cu acessos de raiva?
... COmporEmeno agressivo ou hiperactivoe?

... prablemas disciplinanes?

Froblemas do quotidiano

Mas ditimas 4 semanas, com gue frequéncia o seu fiho teve...

... sonoléncia diuma excessrm”
... episddios de faha d= atenciio ocu concentracia?
... dificuldade 2o levantar da cama de manha?

Dpinifio do Informans=

Mas (itimas 4 semanas, com que frequéncia os problemas acima

.. CEAISAram prescupacas com a sua sadde?

.. preacugaram-na pelo seu flha ndo poder respinar ar suficiente?

.. inkerferiram com as suas actvidades didrias?
.. dearam-no fustrada®

S

B3 B3 B3 R3O

L L da da

O S S

[ & R = T =
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Anexo 2 — Questionario SBQ

QUEITIONARIO 30ERE O COMPORTAMENTO DO 3080

Faipords oom ama da slesrretrrm shaixs = qos oooms roarsarererts oo o wes Ao

1= Hoee 1 - Algponm cem 5 = Smrgw
1 = Poucm caom 4 - Freylarcecans.

Evu filbs:

(=

Wi paea cama disgewie

Adermze: soinhe

e

(=

4 | Adormees na e=ma de pan

"

Aserda | &1 vema por maie

£ | Acsrda ] & d vexm por nane

T | P==asccs asordadn por mensa de 30 minuise

F | P==asccs azordada por =aia de 30 =imien

B ! m dea pain

12 | Agde acorder deramic & ooits vl para & ceme o peia

1§ | Acerda pee=a comer

12 | Mernmenia-sc e caguanin deme

13 | Sus =zin coquarrie dorme

14 | Dervide & quoste oom ou pais [mcrme nds sufes Juger paea. dormer)

15 | Diorme o corme don puia

1% | Comirai-ac zuilo duranic © sm=o ou iguesio ool Socmir

17 | Accrda confino ou desrisstada

13 | Fala deminds

1% | Comnke dorminds

20 | Pangs ca deiza derminds

Lims oa came

kE
-

I | Aceords prtmda c isrrocod s

21 | T== peasdcion

24 | B cagquania derme

25 | P<e manhi scordy eprwnade = com berm buser
% | Fen lerie: da oo ja=da

k3
]

Fies senalemic saquasin assie ovinds

2§ | Fcn sormloris caguenin vt scsiade © comerasade cor alyeem

27 | Adormce: mocsha

B 1. Fecodiqus na dewciia gpeoeta (A= 1) (4=7) (020) =4 susteea £, 1, F a2l
i. Ducore altoy = ol proclemas de aoris
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PARECER CONSUBSTANCIADO DO CEP

DADOS DO PROJETO DE PESQUISA

Titulo da Pesquisa: Marcadores salivares em criangas portadoras de distirbios respiratorios do sono

Pesquizador: Paulo Cézar Simamoto Junior

Area Tematica:

Versao: 1

CAAE: 53671716.6.0000.5152

Instituigdo Proponente: Universidade Federal de Uberandial UFILY MG
Patrocinador Principal: Financiamento Proprio

DADOS DO PARECER

Mimero do Parecen: 1.582 746

Apresentagio do Projeto:

sequndo o2 pesquisadores: A Sindrome da Apneia Obstrufiva do Sono (SACS) & um distirbio respiratario
relacionado ao sono que acomete individuos de todas as idades, desde neonatos até idosos. E
caracterizada por episddios recomentes de obstrugéo total (apneia) ou parcial (hipopneia) da via aérea
superior (VAS) simultaneaments ao esforgo respiratdrio durants o sono levando a hipdxia intermitente e
despertares (Kim et al., 2004; Udwadia et al., 2004, AASM 1999). Trata-se de uma doencga crdnica,
progressiva e incapacitante, apresentando uma alta taxa de mortalidade e morbidade cardiovascular
{Yamashiro & Kryger, 1994; Marshall et al., 2008; Young et al., 2008) sendo portanto considerada um
problema de salde plblica {Lavie et al., 2005).

A Classificag&o Internacional dos Distlrkios do Sono descreve gque o diagndstico da SAOS necessita de
questionarios especificos, histdria clinica, exame fizico e polissonografia (PSG) classica (AASM, 2005). O
uzo da PSG em laboratorio especializado com acompanhamento de profissionais treinados permite avaliar o
registro do eletroencefalograma (EEG), do eletro-oculograma (ECQG), da eletromiografia (EMG) ndo invasiva
do mento e des membros inferiores, das medidas do fluxe oronasal, do movimento tordcico-abdominal, do
eletrocardiograma (ECG), da oximetria de pulsoc e da posigio corporal. Com esses registros, podemos
calcular o 1AH {indice de apneia e hipopneia por hora de sono), a dessaturago da oxi-hemoglobina, as
porcentagens dos estagios do sono, a
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eficiéncia e a fragmentagio do sono, gue podem ser atribuidas aos eventos respiratérios. Pode-ge afimar
que a polissonografia € o principal método objetive de diagnostico da SAOS (Kushida et al., 2005). A
gravidade da SAQS & em criangas s classifica como leve guando o paciente apresenta de 1 a 5 eventos
respiratorios por hora de sono (ERFHS), moderada quando apresentarem entre 5 e 10 ER/HS e grave
quando mais de 10 ER/HS forem registrados em polissonografia (AASM, 1999).

Em criangas na idade pré-escolar, a incidéncia da SAOS & estimada em 2%, enquanto que o ronco primario
& mais comum e estima-se que ocorma entre & e 9% (Brunetti et al., 2001). Além disso, criangas com SAOS
apresentam ativagdo mantida do sistema nerveso simpatico, inflamagdo sistémica e alteragio no
metabolismo da glicose e dos lipideos, levando ao inicio e propagagio de processos de aterogénese.
(Capdevilla, 2008).

Considerando o alto custo para realizagio do diagnostico da SAOS atualmente, & evidente que a construgao
de plataformas de diagnostico de baixo custo tera grande relevancia para sociedade, pois permitira um
diagnéstico para uma parcela mais significativa da populagdo e possibilitard um diagnostico precoce
evitando complicagbes advindas da SAOS. Nos ditimos anos, a utilizagio da saliva como fluido diagndstico
para diagnosticar doengas e para avaliar a efetividade do tratamento tem sido empregada como
possibilidade de exame complementar. A simplicidade da coleta e o custo reduzido, facilidade de estogue e
transporte, possibilidade de coleta sem dor & com menor risco de contaminag&o demonstram gque esta &
uma técnica promissora para rotina médica e odontoldgica, inclusive no dmbito do Sistema Unico de Salde
(SUS). Devido &s caracteristicas de sua coleta, esta andlise poderd permitir andlises rapidas por tempos
prolongados e com estresse bastante reduzido em criangas. Os diagnosticos salivares sdo atualmente uma
ciéncia sofisticada que pode ser usada para um grande numero de diagnosticos moleculares, agora
reconhecidos com papel central em areas basicas, biomadicas, translacionais e clinicas. (Malamud &
Chavez, 2011).

Foi demonstrado que o cortisol salivar e a amilase salivar so biomarcadores promissores para SAOS (Park
et al_, 2013; Park et al., 2014). No entanto, ainda apresentam fatores limitantes como custo, ritmo cicardiano
& niveis glicEmicos. Caso ocorma uma correlagdo significativa entre os biomarcadores salivares gue serfo
avaliados com pardmetros de avaliagio da severidade da SAQS poderemos propor inovagdo com a
utilizago da saliva como fluido diagndstico. Deste modo temos a expectativa de gue os biomarcadores e
processos a serem investigados nesta proposta possam refletir a presenca e a sevendade da 5A0S em
criangas.

Qg pacientes com SAQS freguentements apresentam periodontite, o gue estd associada ao aumento do
nimero de bactérias na placa dental (Mizam et al_, 2015). Outro estudo demonstrou

Enderego: Av. Jodo Naves de Awila 2121- Bloco 14", sala 224 - Campus Sta. Mbnica

Bairro: Santa Manica CEP: 33403144
UF: MG Municipio: \JBERLANDIA
Telefone: [34)3239-4131 Fax: (3432304335 E-mail:  cep@propp.ufu.br

Pagina 2 d= 06

- 46 -



@ U FU UNIVERSIDADE FEDERAL DE Plotaformo
_ UBERLANDIA/MG %ﬂﬂ
Comite e Eticn cm Posguisa

Confinuac3o do Parecer 1.562 746

que auséncia de comelagdo enfre o indice de CPOD (total de dentes cariados, perdidos e obturados) com a
severidade da SAQS e comelacdo significativa entre o tempo de ronco com o indice de CPOD (Acar et al.,
2015). Desta forma, percebe-se o impacto da salde oral nos pacientes com SAOS ainda precisa ser melhor
desvendado, especialmente na populagio brasileira. Apesar da indicagdo de xerostomia (sensagio
subjetiva de boca seca) aumentada em pacientes com SAQS (Acar et al., 2015), ndo evidenciamos na
literatura estudos gue avaliem o fluxo salivar basal e estimulado nestes pacientes. Desta forma, & possivel
perceber gque muite pouco & conhecide sobre a fungdo das gldndulas salivares em individuos com SAQS.

Obijetive da Pesguisa:

Identificar biomarcadores salivares para implementar a utilizagio da saliva como fluide diagnéstico e de
maonitoramento da apnéia obstrutiva do

SON0.

Ohbjetivo Secundario:

O presents projeto pretende descrever a relago da salde oral com o fluxo & a composicio salivar em
pacientes portadores de apnéia obstrutiva do

gono. Além disso, buscaremos identificar biomarcadores salivares para implementar a utilizac8o da saliva
como fluido diagnostico e de

monitoramento da apneia obstrutiva do sono.

Propomos o8 seguintes objetivos especificos:

1) Avaliar o nivel de higiene oral simplificado, indice CPOD (total de dentes cariados, perdidos & obturados)
& Periograma;

2) Mensurar o fluxo salivar basal e estimulado;

3) Awaliar a concentragio de proteinas totais na saliva;

4) Avaliar uma série de componentes salivares por meio de espectrémetro de infravermelho com
transformada de Fourier-FTIR (glicose, lipidios,

tiocianato);

5) Mensurar a concentraggo de cortisol salivar por meio de Elisa

6) Avaliar a atividade da amilase salivar

T) Comelacionar pardmetros de salde oral com pardmetros de caracterizago da severidade da apneia
obstrutiva do sono;

8) Correlacionar bismarcadores salivares e fluxo salivar com parSmetros de caracterizagBo da severidade da
apneia obstrutiva do sono;

9) Correlacionar biomarcadores salivares e fluxo salivar com parémetros de salde oral.
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Avaliagdo dos Riscos e Beneficios:

Durante o processo de seleco dos pacientes e publicag@o dos resultados as criangas poderdo ser
identificadas. Devido a este risco, colheremos o

termo de consentimento livre e esclarecido dos responsaveis e ocultaremos a identidade da crianga, bem
como seu rosto nos artigos publicados. Os

riscos, da participagdo do (a) menor na pesquisa, consistem em esperar o tempo para fazer o exame de
sono antes de realizar qualguer tratamento

para a apneia obstrutiva do sono.

Beneficios:

as criangas fario um exame de polissonografia em clinica especializada de sono, caso seja confimado o
diagnostico de apneia elas serdo

encaminhadas para o ambulatdrio de otominoe-pediatria para remog8o de amigdalas & adencides ou para a
faculdade de odontologia para expansdo

rapida da maxila, dependendo do tipo de fratamento necessario mais indicado para cada paciente. Os
beneficios serdo a realizagio do exame de

s0No s2m nenhum custo.

Comentarios & Consideragdes sobre a Pesquisa:

O CEP/UFU considera o trabalho bem descrito e relevante. Apresenta forte relevancia cientifica pois aborda
um campo pouco explorado e com dificuldade de abordagem devido a populagdo estuda.

Consideragoes sobre os Termos de apresentagio obrigatoria:

Todos os termos estéo cometos

Recomendagies:
nenhuma

Conclusdes ou Pendéncias e Lista de Inadequagdes:

De acordo com as atribuiges definidas na Resolugdo CNS 466/12, o CEP manifesta-se pela aprovagio do
protocolo de pesguisa proposto.

O protocolo ndo apresenta problemas de ética nas condutas de pesguisa com seres humanos, nos limites
da redacio e da metodologia apresentadas.

Consideragdes Finais a critério do CEP:
Data para entrega de Relatario Final a0 CEP/UFL: outubrof2016
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OB5.: O CERUFU LEMBRA QUE QUALQUER MUDANCA NO PROTOCOLO DEVE SER INFORMADA
IMEDIATAMENTE AQ CEP PARA FINS DE ANALISE E AF’HG‘«."M;E.O DA MESMA.

O CEP/UFU lembra que:

a- sequndo a Resolugio 466/12, o pesquisador devera arquivar por 5 anos o relatdrio da pesguisa e os
Termos de Consentimento Livre e Esclarecido, assinados pelo sujeito de pesquisa.

b- podera, por escolha aleatdria, visitar o pesgquisador para conferéncia do relatorio e documentago
pertinente ao projeto.

¢- a aprovagio do protocolo de pesquisa pelo CEPFUFU da-se em decoméncia do atendimento a Resolugio
CHS 466/12, ndo implicando na qualidade cientifica do mesmao.

Orientagdes ao pesquisador :

* O sujeito da pesquisa tem a liberdade de recusar-se a participar ou de retirar seu consentimento em
qualquer fase da pesguisa, sem penalizagio alguma e sem prejuizo ac seu cuidado (Res. CNS 466/12 ) e
deve receber uma via original do Terme de Consentimento Livre e Esclarecido, na integra, por ele assinado.
* O pesquisador deve desenvolver a pesquisa conforme delineada no protocolo aprovado e descontinuar o
estudo somente apos andlise das razfes da descontinuidade pelo CEP que o aprovou (Res. CHNS 466/12),
aguardando seu parecer, exceto quando perceber risco ou dano ndo previsto ao sujeito participante ou
quando constatar a superioridade de regime oferecido a um dos grupos da pesquisa que requeiram agio
imediata.

* O CEP deve =er informado de todos os efeitos adversos ou fatos relevantes que alterem o curso nomnal do
estudo (Res. CNS 466/12). E papel de o pesquisador assegurar medidas imediatas adequadas frente a
evento adverso grave ocorrido (mesmo que tenha sido em outro centro) e enviar notificagéo ao CEP e &
Agéncia Nacional de Vigildncia Sanitaria — ANVISA — junto com seu posicionamento.

* Eventuais modificagdes ou emendas ao protocolo devem ser apresentadas ao CEP de forma clara e
sucinta, identificando a parte do protocolo a ser modificada e suas justificativas. Em caso de projetos do
Grupo | ou |l apresentados anteriormentes & ANVISA, o pesquisador ou patrocinador deve enviad-las também
a mesma, junto com o parecer aprobatorio do CEP, para serem juntadas ao protocolo inicial (Res.251/97,
item 11l.2.2).
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Este parecer foi elaborado baseado nos documentos abaixo relacionados:

Tipo Documento Arquivo Postagem Autor Situagio
Informagbes Basicas|PB_INFORMACOES_BASICAS DO_P | 01032016 Aceito
do Projeto ROJETO BETED0.pdf 10:55:42
Qutros curriculo_docx 01/03/2016 |Paulo Cézar Aceito

10:54:31 | Simamoto Junior
TCLE/ Termos de | consentimento.doc 01/03/2016 |Paulo Cézar Aceito
Assentimento / 10:53:24 | Simamoto Jonior
Justificativa de
Auséncia
Projeto Detalhado ! | Introducac.docx 01032016 |Paulo Cezar Aceito
Brochura 10:52:51 | Simamaoto Jonior
Investigador
Folha de Rosto Doc3.docx 01/03/2016 |Paulo Cézar Aceito
10:51:50 | Simamato Jonior
Qutros MODELO docx 28/02/2016 |Paulo Cézar Aceito
15:25:27 | Simamuoto Jonior
Declaragso de 20180225 161044 jpg 25/022016 |Paulo Cézar Aceito
Instituigdo & 16:14:06 | Simamoto Jonior
Inf‘raestm"tura i
Declaragao de 20160224 172329 jpg 240212016 [ Paulo Cezar Aceito
Instituicio e 17:25:26 | Simamoto Jinior
Infraestruturs _
Declaragao de 20160108_090405 jpg 23022016 |Paulo Cezar Aceito
Pesquisadores 11:30:02 | Simamoto Jinior

Situagio do Parecer:
Aprovado

Mecessita Apreciagio da CONEP:
Mo

UBERLANDIA, 09 de Junho de 2016

Assinado por:
Sandra Terezinha de Farias Furtado
(Coordenador)
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