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RESUMO

Sepse € caracterizada como uma sindrome clinica resultante de uma
resposta inflamatéria sistémica devido a um foco de infecgdo. A hipdtese deste
estudo foi de que a saliva pode ser utilizada como biofluido diagnostico
associada a uma plataforma biofoténica sustentavel e rapida para o diagndstico
da sepse. O objetivo foi desenvolver uma plataforma de diagndstico pela saliva
utilizando espectroscopia de infravermelho com transformada de Fourier com
reflectancia total atenuada (ATR-FTIR) associada com analises univariadas,
multivariadas e inteligéncia artificial. Materiais e Métodos: Ratos Wistar(~2609)
foram divididos em controle (n=7) e sepse (n=7). O grupo sepse foi submetido a
cirurgia de ligadura e puncao cecal (CLP) e os controles a cirurgia SHAM. Apos
24 horas, com o animal anestesiado a saliva foi coletada durante 7 minutos e
analisada no ATR-FTIR. Foi observado por meio da analise de componentes
principais (PCA) uma separagao clara entre controles e sepse. A soma de PC-1
e PC-2 foi responsavel por 95,4% da variancia total explicada entre as amostras.
O modo vibracional CH2 derivado de lipidios reduziu no grupo sepse (2933cm-
1) baseado na analise de segunda derivada, evidenciando possiveis alteracdes
do metabolismo de lipidios em decorréncia da sepse. A analise pelo algoritmo
de maquina de vetores de suporte (SVM) apresentou sensibilidade 0,72%,
especificidade 100% e acuracia 0,87%. A analise pelo algoritmo de Andlise
Discriminante Linear (LDA) apresentou sensibilidade de 0,67%, especificidade
de 0,95% e acuracia de 0,82%. Conclusao: Portanto, a utilizagdo da plataforma
ATR-FTIR acoplada com algoritmos de inteligéncia artificial pode ser uma

ferramenta alternativa para triagem diagndstica da sepse por meio da saliva.

Palavras-Chaves: Saliva, Sepse, Diagndstico, ATR-FTIR, Inteligéncia Atrtificial
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ABSTRACT

Sepsis is characterized as a clinical syndrome resulting from a
systemic inflammatory response due to a focus of infection. The hypothesis of
this study was that saliva can be used as a diagnostic biofluid associated with a
sustainable and rapid biophotonic platform for the diagnosis of sepsis. The aim
of present study was to develop a diagnostic platform using Fourier transformed
infrared spectrometry with total saliva reflectance (ATR-FTIR) associated with
univariate and multivariate equipment and artificial intelligence. Materials and
Methods: Wistar rats (~260g) were divided into control (n=7) and sepsis (n=7).
The sepsis group underwent cecal ligation and puncture surgery (CLP) and
controls underwent SHAM surgery. After 24 hours, with the animal anesthetized,
saliva was collected for 7 minutes and analyzed in the ATR-FTIR. A clear
separation between controls and sepsis was observed through principal
component analysis (PCA). The sum of PC-1 and PC-2 was responsible for
95.4% of the total explained variance between samples. The vibrational mode of
CH2 of lipids was reduced in the sepsis group (2933cm-1) by second derivative
analysis, showing possible alterations in lipid metabolism as a result of sepsis.
Analysis by the Support Vector Machine (SVM) algorithm showed sensitivity of
0.72%, specificity of 100% and accuracy of 0.87%. Analysis using the Linear
Discriminant Analysis (LDA) algorithm showed a sensitivity of 0.67%, specificity
of 0.95% and accuracy of 0.82% Conclusion: Therefore, the use of the ATR-FTIR
platform coupled with artificial intelligence algorithms can be an alternative tool

for diagnostic screening of sepsis using saliva.

Key words: Saliva, Sepsis, Diagnosis, ATR-FTIR, Artificial intelligence

12



1. INTRODUGAO E REFERENCIAL TEORICO

Segundo Instituto Latino-Americano de Sepse (ILAS), a sepse é uma
resposta sistémica decorrente de infecgdo por bactérias, virus, fungos ou
protozoarios. A sepse pode se manifestar em diferentes estadios clinicos, o que
torna o diagndstico médico complexo e é considerada um grande problema de
saude publica (1). A sepse apresenta alta taxa de mortalidade e gera altos custos
com seu tratamento para os setores publico e privado. Sabe-se que a detecgao
precoce pode favorecer um melhor progndéstico e reduzir custos de tratamento
(2). Dados do ILAS registraram 398.000 casos e 227.000 mortes em 2003
relacionado a sepse no Brasil, gerando cerca de R$17,34 bilhdes ao tratamento,
devido a necessidade de equipamentos sofisticados, medicacbes e equipes
especializadas. Desde o ano de 2020, o conceito de sepse passou a ser
caracterizado por uma disfungéo organica ocasionada por uma resposta alterada
do hospedeiro frente a uma infecgao (3), assim foi estabelecido uma nova
nomenclatura: sepse e choque séptico. Estima-se que a ocorréncia anual de
aproximadamente 670 mil casos por ano de sepse, sendo que em média 50%
vao a obito, o que corresponde a cerca de 30,2% de ocupacao dos leitos em
Unidades de Terapia Intensiva (2). No periodo de 2005-2020 foram registrados
120.166 casos de sepse, ja o ano de 2021 foi notificado 12.458 casos no Brasil
(4).

A sepse pode gerar um dano mitocondrial, 0 que justifica como uma
das principais causas de disturbios do metabolismo celular dos pacientes
infectados. Estes danos acontecem devido as constantes mudangas do
metabolismo de todos macronutrientes afeta também o metabolismo lipidico,
gerando lipdlise na regido adiposa o que pode gerar um aumento no nivel
sanguineo de acidos graxos e ftriglicerideos. Este quadro de infeccao se
desenvolve através de fungos, bactérias, virus ou protozoarios e que pode
resultar a faléncia multiplas dos érgaos ou choque séptico que ocorre devido a
um quadro de hipotensao persistente ou hiperlatactemia independente da

ressuscitagdo volémica (5)
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O processo inflamatdrio € crucial para a eliminagdo de patdégenos e
manutengdo da homeostase tecidual. Mas é importante ressaltar que se a
progressao de eventos patofisiologicos progredir de forma exacerbada, devido a
presenga de estimulos pro-inflamatérios, o processo pode ter uma evolugao para
um estado de inflamacéao crénica associada com secrecao continua de citocinas
e outros fatores que podem gerar uma continua destrui¢gao dos tecidos e do seu
equilibrio (6). Durante o processo inflamatoério/infeccioso da sepse ocorre a
formagao de citocinas pro-inflamatorias relevantes tais como: interleucina 1 (IL1),
interleucina 6 (IL-6) e o fator de crescimento tumoral (TNF).

Os tratamentos para esta infeccdo sao limitados a administracdo de
antibidticos direcionados a fonte infecciosa e cuidados de suporte para a
disfungao organica, o tratamento empregado de antibioticoterapia muitas vezes
pode ser ineficaz devido a ndo especificidade da medicagdo com o seu foco
infeccioso o que pode levar alguns dias para conduta especifica, devido o
diagndstico tardio (7).

Os exames laboratoriais bioquimicos no sangue sao solicitados
tradicionalmente para o diagnostico e monitoramento de diversas doencas
sistémicas, inclusive a sepse. Por outro lado, a saliva tem sido sugerida como
um biofluido promissor como alternativa para diagndsticos e monitoramento de
patologias. A saliva é um fluido biolégico complexo, derivada em sua maior parte
da estimulacdo de ceélulas acinares de glandulas salivares, além dos
contribuintes exdécrinos como: células epiteliais descamadas e proteinas
derivados do plasma sanguineo e fluido gengival crevicular (8). Sendo assim a
utilizagado da saliva como fluido diagndstico apresenta como vantagens sua auto-
coleta indolor, de forma simples, custo reduzido e mais segura ao paciente e
equipe médica. Além disto, a saliva é permite multiplas coletas ao longo dia e
pode apresentar potenciais biomarcadores de doencas sistémicas, o que permite
diagnostico aplicado a medicina e odontologia de precisdo (9). A deteccdo
precoce da infeccdo desempenha um papel crucial no sucesso da terapia.
Quando se trata de sepse quanto antes diagnosticado e iniciado o tratamento
maiores serao as probabilidades de reversao do quadro e assim evitando o 6bito

do paciente, desta doenca que causa tanta mortalidade a nivel mundial.
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A utilizacdo da técnica de espectroscopia infravermelho com
transformada em Fourier (ATR-FTIR) para analise de amostras biolégicas de
tecido € uma area de pesquisa com grande expansao, pois é possivel estudar
composi¢cao molecular das amostras e a proporg¢ao de seus compostos de forma
rapida e com baixa quantidade de recursos em cada amostra (10).

A ATR-FTIR é uma tecnologia sustentavel devido aos processos que
nao utilizam o uso de reagentes, o que proporciona uma abordagem abrangente
que pode ser aplicada para diagndstico e monitoramento de doengas. Os modos
vibracionais espectrais de IR de amostras biologicas como saliva, podem ser
considerados como impressdes digitais bioquimicas que se esta ligada
diretamente com a presenca ou auséncia de doencgas. Ja reflectancia total
atenuada (ATR) é uma técnica de amostragem usada em conjunto com a
espectroscopia de infravermelho que permite a analise das amostras de forma
rapida, com alta sensibilidade e com analise de baixo custo, pois ndo necessita
o uso de reagentes (10).

Desta forma, o presente trabalho buscou desenvolver uma plataforma
biofotbnica sem uso de reagentes, sustentavel, rapida e de adequado custo-
beneficio para o diagnostico da sepse por meio de um biofluido ndo-invasivo por

meio da saliva.
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ABSTRACT

Sepsis is characterized as a clinical syndrome resulting from a
systemic inflammatory response due to a focus of infection. The hypothesis of
this study was that saliva can be used as a diagnostic biofluid associated with a
sustainable and rapid biophotonic platform for the diagnosis of sepsis. The aim
of present study was to develop a diagnostic platform using Fourier transformed
infrared spectrometry with total saliva reflectance (ATR-FTIR) associated with
univariate and multivariate equipment and artificial intelligence. Materials and
Methods: Wistar rats (~260g) were divided into control (n=7) and sepsis (n=7).
The sepsis group underwent cecal ligation and puncture surgery (CLP) and
controls underwent SHAM surgery. After 24 hours, with the animal anesthetized,
saliva was collected for 7 minutes and analyzed in the ATR-FTIR. A clear
separation between controls and sepsis was observed through principal
component analysis (PCA). The sum of PC-1 and PC-2 was responsible for
95.4% of the total explained variance between samples. The vibrational mode of
CH2 of lipids was reduced in the sepsis group (2933cm-1) by second derivative
analysis, showing possible alterations in lipid metabolism as a result of sepsis.
Analysis by the support vector machine (SVM) algorithm showed sensitivity of
0.72%, specificity of 0.86% and accuracy of 0.79%. Conclusion: Therefore, the
use of the ATR-FTIR platform coupled with artificial intelligence algorithms can

be an alternative tool for diagnostic screening of sepsis using saliva.
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INTRODUCTION

Sepsis is inflammatory organ dysfunction related to an excessive and
dysregulated host response to infection (Fleischmann-Struzek et al. 2020). SOFA
score has been used to detect organs dysfunction, and sepsis is confirmed when
is detected in two or more organs. The late diagnosis and absence of therapeutic
management promptly can induce septic shock, systemic organs damage and
death (Cardoso-Sousa et al. 2019; Rudd et al. 2020). The prevalence of sepsis
worldwide is difficult to ascertain, the expected occurrence by year is around ~50
million cases with 11 million deaths caused by sepsis, representing sepsis-related
deaths worldwide, which accounted for up to 20% of all deaths in the world (Rudd
et al. 2020). In this context, it was evidenced a substantial disparity in the regional
incidence and mortality rates with up to 85% of sepsis cases and global deaths
related to sepsis in low- and middle-income countries (Rudd et al. 2020).

Saliva contains thousands of peptides due to the action of enzymes
derived from more than 3000 proteins, thousands of mMRNA, dozens of
microRNAs, hundreds of metabolites, carbohydrates, lipids, and more than 600
species of microorganisms, including viruses, bacteria, and fungi. The secretions
of each component can be changed by specific disease reflecting both oral and
systemic pathophysiological conditions (Dawes and Wong 2019; Caixeta et al.
2021). The non-invasive salivary collection is simple, permits self-collection, is
a non-aerosol generating procedure, painless, and, compared to blood,permits a
more sustainable collection, more adequate to store, and no risk of clotting. In
this context, the real-time monitoring of salivary components could be an
attractive alternative for screening and monitoring systemic (Caixeta et al. 2020;
Caixeta et al. 2021).

Attenuated total reflection Fourier-transform infrared (ATR-FITR)
spectroscopy is a valuable analytical approach to measure biological molecules
in biofluids (Ojeda and Dittrich 2012). ATR-FTIR spectroscopy is a accurate and
highly reproducible approach capable to identify molecules based on infrared
absorption (Ojeda and Dittrich 2012). Each biofluid component present a unique

structure, exhibiting a unique infrared spectrum with specific vibrational modes
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profile derived of structural bonds of biofluid components (Severcan et al. 2010;
Ojeda and Dittrich 2012). Among the attractive green technologies, ATR-FTIR is
remarkable by the complete elimination of hazardous elements in the procedure
to detect diseases (Caixeta et al. 2020; Muraoka et al. 2022). The salivary
infrared spectre is able to recognize a biochemical fingerprint that correlate
directly with the presence or absence of specific components or diseases,
allowing the monitoring of systemic diseases (Caixeta et al. 2020; Muraoka et al.
2022).

We hypothesized that biophotonic infrared approach is determine
alteration in vibrational modes of saliva to be used as a screening tool for sepsis.
In the present study, ATR-FTIR was applied coupled with univariate analysis,
chemometrics, and artificial intelligence algorithms to discriminate salivary
spectra of rats with cecal ligation and puncture (CLP)-induced sepsis compared
to Sham control rats to develop a non-invasive and label-free platform for sepsis

screening.

METHODS

Animal procedures

All animal procedures were approved by the Ethics Committee for
Animal Research of the Federal University of Uberlandia (Approval No.
#0034/20). The male Wistar rats with body weight between 230g and 260g
received randomly (i) cecal ligation and puncture surgery (CLP) to trigger
polimicrobial sepsis and (ii) simulated surgery without cecal ligation and puncture
(Siempos et al. 2014; Pereira et al. 2017). Body temperature was maintained at
36.5 = 1°C with heating blanket during subsequent surgical procedures. In the
procedures for sepsis induction by CLP model, rats were anesthetized with
intraperitoneal administration of ketamine (90 mg/kg) and xylasine (10 mg/kg)
(Cardoso-Sousa et al. 2019). Subsequently, an aseptic midline laparotomy was
performed for the exteriorization of a portion of the cecum which was placed

outside of abdominal cavity to a partially ligation without complete intestinal
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obstruction in the region of ileo cecal valve using a 3.0 silk tie(Pinheiro et al.
2020). This region of cecum was perforated 9 times using a 22-gauge needle
associated with a gently squeezed to extrude feces from the induced perforation,
allowing the presence of fecal components in abdominal cavity when cecum
returned to the peritoneal region. A careful suture was performed to close the
previous incision. Sham animals underwent the same procedure; however,
cecum was not ligated and perforated (Walley et al. 1996; Pereira et al. 2017).
After the surgical procedure, both sepsis and sham animals were injected with
tramadol 5mg/300g as analgesic medication, which was reapplied every 12 hours
until euthanasia

All rats were caged and allowed with free access to standard diet for
rodents (Nuvilab CR-1; Nuvital, Curitiba, Brazil) and water. The rats were
checked every six hours for 24 hours after the CLP (24h-Sepsis) or Sham
procedures. Twelve hours after the CLP or Sham procedures all rats received a
subcutaneous injection of Tramadol 5 mg/kg allowing ethical procedures and
aiding analgesia. Both CLP and Sham rats were studied 24 hours after induction
of sepsis (Cardoso-Sousa et al. 2019; Pinheiro et al. 2020). During the analysis
of the behavior of the animals after the surgery, we checked if the animal
presented 2 or more signs of suffering as hunched posture, vocalization, ataxia,
tremor, cyanosis or piloerection. In case of presence of suffering, a humane
endpoint should be considered. However, we did not detect any signal of suffering

in both 24h-Sepsis and Sham animals (Cardoso-Sousa et al. 2019).

Saliva and Blood Collection

Twenty-four hours after CLP and Sham procedures, 7 rats from 24h-
Sepsis and Sham groups were anesthetized with ketamine and xylasin (90mg/kg
and 10 mg/kg, respectively) and subsequently stimulated saliva was collected
under a muscarinic receptor agonist stimulation with pilocarpine (2mg/kg). The
parasympathetic-stimulated saliva was collected directly from the oral cavity into
polypropylene flasks for 7 min. Thus, saliva was stored at -80yC for further

processing and analysis (Sabino-Silva et al. 2013).
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Subsequently, the blood was collected under cardiac puncture and
pro-inflammatory cytokines were performed to identify the severity of sepsis in

each animal. (Cardoso-Sousa et al. 2019).

Cytokine analyses

Plasma samples were simultaneously measured to reduce variation in
different assays. Pro-inflammatory cytokines TNF-a, Interleucin 1-beta (IL-1()
and IL-6 of plasma were measured. Ten microliters of plasma were placed in a
microplate and the absorbance after the immunoassay was performed in a
GENESYS 10S UV-VIS spectrophotometer in a wavelength of 595nm. Enzyme-
linked immunosorbent assay (ELISA) kits were used to measure TNF-a, IL-13
and IL-6 (BD Biosciences, San Jose, CA, USA) in plasma according to the
manufacturer’s protocol. Results were interpolated from a standard curve using

recombinant cytokines (pg/mL).

Chemical profile in stimulated saliva by ATR-FTIR spectroscopy

Salivary spectra were recorded between 3700 cm-' to 800 cm
regions using a portable ATR-FTIR Cary 630 spectrophotometer (Agilent
Technologies) and the MicroLab software (Agilent Technologies) coupled to
attenuated total reflectance (ATR) component. In the ATR-crystal the infrared
beam is reflected at the interface toward the sample. Stimulated saliva was dried
in room temperature on the crystal for 6 min until the measurement of salivary
spectra. The spectra of the air were used as a background in infrared analysis.
Both salivary and the background was collected with 4 cm™' of resolution and 32

scans (Rodrigues et al. 2019; Ferreira et al. 2020).

Spectra data evaluation procedures

Each original spectrum was normalized by mean vector and applied

baseline using using Origin 9.1 software. To perform the second derivative, the
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Savitzky-Golay filter (with polynomial of second order and eleven-point window)
was applied using Origin 9.1 software. The second derivative parameters were
set as 2 for polynomial order and 20 for points of window. In this context, the
second derivative provide valleys (negative peaks) related with bands in original
spectrum. The intensity of each component was calculated based on the height
of valleys with respective ROC curve in the second derivative. To perform
principal component analysis (PCA), principal component was calculated with
scores (deviation in sample orientation) and loadings (variance in the
wavenumber direction) using Origin Pro 9.1 (OriginLab Corporation,
Northampton, United States). The Linear Discriminant Analysis (LDA) and
Support Vector Machine algorithms were applied with different pre-processing to

discriminate salivary samples of 24h-Sepsis from controls.
Statistical analysis

All other analyses were realized using the software GraphPad Prism
(GraphPad Prism 7.00, GraphPad Software, San Diego, CA, USA) using Student-
T test. Only values of p<0.05 were considered significant and the results were
expressed as mean = S.D.

RESULTS

TNF-a, IL-1B and IL-6 levels in plasma of 24h-Sepsis rats were higher

(p < 0.05) compared with control Sham rats.

22



A B c IL-6

TNF-a IL-18
50— 2500 500+
40+ — 2000- - 400+
z E g
= 304 = 1500 £ 300
2 g £
¥ 20- @ 1000 @ 200
Z D =
F 404 = 5004 100
0- 0- 0-
N o o & o el
«© o & & & &
& 5;‘? & (‘,‘f'q ¢ &
o N o

Figure 1. TNF-a (A), IL-1B (B) and IL-6 (C) measured by Elisa in

plasma samples of 24h-Sepsis and Control rats.

The mean infrared original spectrum of saliva in region (3800 — 800
cm') from 24h-Sepsis and control Sham rats depicted the superposition of
several salivary components as lipids, proteins, DNA/RNA, and carbohydrates
(Figure 2.A.). The mean second-derivative spectrum of saliva in region 3000 —
800 cm-' (representing lipid components) from 24h-Sepsis and control Sham rats

is presented in Figure 2.B.
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Figure 2. Representative average ATR-FTIR original spectra (3800—
800 cm™') (A) and second derivative mean spectra (3000 — 800 cm™') (B) in saliva

of 24h-Sepsis and control Sham rats.

The average of second derivative infrared spectrum of saliva in 24h-
Sepsis and control Sham rats is represented in Figure 3A. The height of valleys
(amplitude) in saliva samples were reduced (p < 0.05) in 2933 cm™' in 24h-Sepsis
compared with control Sham rats (Figure 3B). The ROC curve of 2933 cm™'
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vibrational mode presented 83.3% sensitivity and 71.4% specificity for animal

with sepsis compared to control Sham rats. The AUC of this vibrational mode was
0.809 (Figure 3C).
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Figure 3. Representative average ATR-FTIR second derivative
spectra (2950-2900 cm™) in saliva of 24h-Sepsis and control Sham rats (A).
Amplitude of second derivative at 2933 cm-'. (B). ROC curve analysis at 2933
cm™' in the second derivative spectra (C). Results are mean = SEM of 7 24h-

Sepsis rats and 7 control Sham rats.
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Figure 4. Represents the analysis of the PCA (Principal Component
Analysis), which demonstrated the separation of the sepsis groups from the sham

group in a very effective way

The classification of LDA and SVM algorithms indicated discrimination
of salivary ATR-FTIR spectra applied in 24h-Sepsis rats compared to Sham rats.
The best discrimination of the LDA algorithm was obtained using the 1800-900
cm-' with 67% of sensitivity, 95% of specificity, and 82% of accuracy. The best
discrimination of the SVM algorithm was also obtained using 1800-900 cm™"! with

72% of sensitivity, 100% of specificity, and 87% of accuracy (Table 1).
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Table 1. Machine learning algorithms are applied in salivary spectra to

classify samples from rats with sepsis and controls Sham rats.

Algorithm  Rubberband+Amida1l Accuracy Sensitivity Specificity

4000-650 cm™ 0,61 0,61 0,62
Linear
o 1800-900; 3050-2800
Discriminant P 0,72 0,72 0,71
cm
Analysis
1800-900 cm’ 0,82 0,67 0,95
4000-650 cm™ 0,74 0,72 0,76
Support
1800-900; 3050-2800
Vector ; 0,82 0,72 0,90
cm’
Machine
1800-900 cm’ 0,87 0,72 1,00
DISCUSSION

The advances in the implementation of innovative, fast, and non-
invasive approaches for the precision diagnosis of sepsis are critical to avoid the
pitfalls of late diagnosis and false-positive sepsis diagnosis. Although the clinical
examination of the patient is associated with some clinical tests in blood, liver or
kidney function, and imaging tests can indicate the presence of sepsis fastly, the
confirmation of the diagnosis frequently requires a lengthy and invasive process
with blood cultures to identify the pathogen that caused infection (Iregbu et al.
2022). In this context, a novel non-invasive approach based on the rapid analysis
of infrared spectral salivary constituents would allow a more precise,
reproducible, affordable, and fast diagnosis in clinical units. Both univariate
analysis and learning machine algorithms were able to discriminate sepsis based
on salivary spectra using ATR-FTIR spectra, the best discrimination of the SVM
algorithm reached 72% of sensitivity, 100% of specificity, and 87% of accuracy.
Although additional studies are needed to assess the screening diagnostic
relevance in humans, the present study is a pioneer to indicate the potential of

ATR-FTIR to detect sepsis, specially using a non-invasive fluid as saliva.
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Inflammatory cytokines can modulate host immunological response to
infection. The host immune response is pathogen-dependent and also related
with the infected tissue (Commins et al. 2010). Proinflammatory cytokines include
TNFa, IL-2, IL-6, IL-8, IL-12, IL-17 and interferon-gamma. The diagnostic
potential of IL-6 has been widely investigated in sepsis. The B and T lymphocytes
are stimulated to produce IL-6 in the acute phase of infection (Hodge et al. 2004).
However, these cytokines are also increased in several other inflammatory
diseases. In saliva of inpatients with sepsis. As expected in the sepsis state, here
we showed higher levels of TNF-a, IL-13 and IL-6 levels in plasma in rats with
sepsis compared with control Sham rats. These inflammatory data, confirm the
presence of sepsis in the classic CLP model for in vivo studies in animal models
in accordance with other research groups (Rittirsch et al. 2009; Pereira et al.
2017; Guo et al. 2022 Jun 30) and with our previous studies using CLP model
(Cardoso-Sousa et al. 2019; Pinheiro et al. 2020). In saliva of inpatients with
sepsis, C-reactive protein (CRP), procalcitonin (PCT), and nitric oxide (NO) were
unchanged, however, IL-6 levels were higher in saliva in patients with sepsis
(Galhardo et al. 2020).

Activated endothelial cells can trigger disruption of permeability
barrier, leukocyte production, and platelet adhesion. Besides, both coagulation
and anticoagulant factors are activated and also occur a propagating of
proinflammatory signaling. These changes lead to the release of toxic leukocyte-
derived proinflammatory biomarkers (Opal and van der Poll 2015). Changes in
lipid metabolism are critical in microvasculature inflammation in sepsis. Some of
these lipids can reflect systemic alterations in a septic patient, thus can be used
as a early biomarker in sepsis (Amunugama et al. 2021).

Alteration of lipid metabolism in sepsis infection and activation of lipid
signaling pathways are components of underlying sequelae of the
pathophysiology of sepsis, and lipid mediator play an important role in anti-
inflammatory, pro-inflammatory and counter-regulatory changes in the

microsvasculature in sepsis (Amunugama et al. 2021).
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In this context, the vibrational mode at 2933 cm™' was reduced in
animal with sepsis, with an intermediate accuracy as a diagnostic test (83.3%

sensitivity and 71.4% specificity).

CONCLUSION

More robust discrimination techniques based on learning machine
algorithms are required to identify unique features in complex datasets as salivary
infrared spectrum. An ATR-FTIR platform is of great interest, as if it was possible
to detect sepsis at an early stage in rapid, reagent-free, and non-invasive manner.
The implementation of this method can also be cost-effective for the private and
public health services. Both LDA and SVM algorithms were effective to
discriminate sepsis in biofingerprint region with accuracy with levels higher than
80%.

Here, we showed that salivary ATR-FTIR spectroscopy could
discriminate sepsis from control rats. The best discrimination of the LDA algorithm
was obtained using the 1800-900 cm™" with 82% of accuracy, 67% of sensitivity,
and 95% of specificity. The best discrimination of the SVM algorithm was also
obtained using 1800-900 cm-"with 87% of accuracy, 72% of sensitivity, and 100%

of specificity.
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