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Abstract

Background: The available evidence suggests that inflammatory responses, in both systemic and oral tissue, contribute to
the pathology of COVID-19 disease. Hence, studies of inflammation biomarkers in oral fluids, such as saliva, might be
useful to better specify COVID-19 features. Methods: In the current study, we performed quantitative real-time PCR to
measure salivary levels of C-reactive protein (CRP) and interleukin-6 (IL-6) in saliva obtained from patients diagnosed with
mild COVID-19, in a diabetic group (DG; n = 10) and a non-diabetic group (NDG; n = 13). All participants were diagnosed
with periodontitis, while six participants with periodontitis but not diagnosed with COVID-19 were included as controls.
Results: We found increases in salivary total protein levels in both the DG and NDG compared to control patients. In both
groups, salivary CRP and IL-6 levels were comparable. Additionally, the levels of salivary CRP were significantly correlated
with total proteins, in which a strong and moderate positive correlation was found between DG and NDG, respectively. A
linear positive correlation was also noted in the relationship between salivary IL-6 level and total proteins, but the correlation
was not significant. Interestingly, the association between salivary CRP and IL-6 levels was positive. However, a moderately
significant correlation was only found in COVID-19 patients with diabetes, through which the association was validated by a
receiver operating curve. Conclusions: These finding suggest that salivary CRP and IL-6 are particularly relevant as
potential non-invasive biomarker for predicting diabetes risk in mild cases of COVID-19 accompanied with periodontitis.
Copyright: © 2024 Bachtiar E et al.

Author Keywords
C-reactive protein; COVID-19; Diabetes; interleukin-6; periodontitis

Index Keywords

biological marker, C reactive protein, interleukin 6, C reactive protein, interleukin 6; adult, aged, area under the

curve, Article, controlled study, coronavirus disease 2019, correlation analysis, diabetes mellitus, diagnostic test accuracy
study, female, human, major clinical study, male, middle aged, mouth tissue, non invasive

measurement, periodontitis, protein expression, quantitative analysis, real time polymerase chain reaction, receiver
operating characteristic, saliva, saliva level, validation process, complication, diabetes mellitus, periodontitis; C-Reactive
Protein, COVID-19, Diabetes Mellitus, Humans, Interleukin-6, Periodontitis

Chemicals/CAS
C reactive protein, 9007-41-4; C-Reactive Protein; Interleukin-6

Funding details
Universitas IndonesiaUINKB-1126 /UN2.RST/HKP.05.00/2022

This study was supported by Universitas Indonesia (Grant NKB-1126 /UN2.RST/HKP.05.00/2022).

References



« Granger, D.A., Johnson, S.B., Szanton, S.L.
Incorporating salivary biomarkers into nursing research: an overview and review of
best practices
(2012) Biol. Res. Nurs, 14 (4), pp. 347-356.
Oct, 22593229, PMC3971903, :

« Engeland, C.G., Bosch, J.A., Rohleder, N.
Salivary Biomarkers in Psychoneuroimmunology
(2019) Curr. Opin. Behav. Sci, 28, pp. 58-65.
Aug, 32215283, PMC7094032, :

« Rathnayake, N., Akerman, S., Klinge, B.
Salivary biomarkers for detection of systemic diseases
(2013) PLoS One, 8 (4), p. e61356.
23637817, PMC3634781, :

« Bachtiar, B.M., Bachtiar, E.W., Kusumaningrum, A.
Porphyromonas gingivalis association with inflammatory markers and exosomal
miRNA-155 in saliva of periodontitis patients with and without diabetes diagnosed
with COVID-19
(2022) Saudi Dent. J, 35, pp. 61-69.
Dec, 36540394, PMC9756571, :

« Elmvon, E., Altman, D.G., Egger, M.
The Strengthening the Reporting of Observational Studies in Epidemiology
(STROBE) Statement: guidelines for reporting observational studies
(2014) Int. J. Surg, 12 (12), pp. 1495-1499.
Dec, :

« Papapanou, P.N., Sanz, M., Buduneli, N.
Periodontitis: Consensus report of workgroup 2 of the 2017 World Workshop on the
Classification of Periodontal and Peri-implant Diseases and Conditions
(2018) J. Periodontol, 89, pp. S173-S182.
Jun, 29926951, :

« Bachtiar, E.W., Gusliana, D.S., Bachtiar, B.M.
Correlation between the extent of smoking, salivary protein profiles, and dental
caries in young adult smokers
(2021) Saudi Dent. J, 33 (7), pp. 533-537.
Nov, 34803297, PMC8589578, :

« Bachtiar, E.W., Bachtiar, B.M., Kusumaningrum, A.
ACE2 expression in saliva of patients with COVID-19 and its association with
Candida albicans and Aggregatibacter actinomycetemcomitans
(2022) F1000Res, 11, p. 557.
36112976, PMC9445561

« Bachtiar, E.W., Bachtiar, B.M.
Effect of cell-free spent media prepared from Aggregatibacter
actinomycetemcomitans on the growth of Candida albicans and Streptococcus
mutans in co-species biofilms
(2020) Eur. J. Oral Sci, 128 (5), pp. 395-404.
Oct, 32808302, :

« Koussounadis, A., Langdon, S.P., Um, |.H.
Relationship between differentially expressed mRNA and mRNA-protein
correlations in a xenograft model system
(2015) Sci. Rep, 5, p. 10775.
Jun, 26053859, PMC4459080



« Alwafi, H.A_, Ali, S.S., Kotha, S.B.
Elevated Salivary Inflammatory Biomarkers are Associated with SARS-CoV-2
Infection Severity
(2022) Can. J. Infect. Dis. Med. Microbiol, 2022, pp. 1543910-1543918.
35967091, PMC9363936, :

« Balaji, A., Chandrasekaran, S.C., Subramanium, D.
Salivary Interleukin-6 - A pioneering marker for correlating diabetes and chronic
periodontitis: A comparative study
(2017) Indian J. Dent. Res, 28 (2), pp. 133-137.
Mar-Apr, 28611321, :

« Brocker, C., Thompson, D., Matsumoto, A.
Evolutionary divergence and functions of the human interleukin (IL) gene family
(2010) Hum. Genomics, 5 (1), pp. 30-55.
Oct, 21106488, PMC3390169, :

« Scheller, J., Chalaris, A., Schmidt-Arras, D., Rose-John, S.
The pro- and anti-inflammatory properties of the cytokine interleukin-6
(2011) Biochim. Biophys. Acta, 1813 (5), pp. 878-888.
May, 212961009, :

« Hirano, T.
Interleukin 6 and its receptor: ten years later
(1998) Int. Rev. Immunol, 16 (3-4), pp. 249-284.
9505191, :

« Lima, R.P.E., Belem, F.V., Abreu, L.G.
Effect of Periodontal Therapy on Serum Levels of IL-6 in Type 2 Diabetics: A
Systematic Review
(2019) Int. J. Periodontics Restorative Dent, 39 (1), pp. e1-e10.
Jan, 30543722, /[Feb

« Makki, K., Froguel, P., Wolowczuk, I.
Adipose tissue in obesity-related inflammation and insulin resistance: cells,
cytokines, and chemokines
(2013) ISRN Inflamm, 2013.
Dec, 24455420, PMC3881510, :, : 139239

« Bachtiar, B.M., Bachtiar, E.W., Kusumaningrum, A.
ACE2 gene expression and inflammatory conditions in periodontal
microenvironment of COVID-19 patients with and without diabetes evaluated by
qPCR
(2022) MedRxiv [Preprint],
March, 2022. [accessed 2023 October 7]:32

« Li, W.,, Zhang, C., Sui, J.
Receptor and viral determinants of SARS-coronavirus adaptation to human ACE2
(2005) EMBO J, 24 (8), pp. 1634-1643.
Apr, 15791205, PMC1142572

+ Alonso, G.C., Pavarina, A.C., Sousa, T.V.
A quest to find good primers for gene expression analysis of Candida albicans from
clinical samples
(2018) J. Microbiol. Methods, 147, pp. 1-13.
Apr, 29454005, :

« Xu, H., Zhong, L., Deng, J.
High expression of ACE2 receptor of 2019-nCoV on the epithelial cells of oral
mucosa



(2020) Int. J. Oral Sci, 12 (1), p. 8.
Feb, 32094336, PMC7039956

« Sakaguchi, W., Kubota, N., Shimizu, T.
Existence of SARS-CoV-2 Entry Molecules in the Oral Cavity
(2020) Int. J. Mol. Sci, 21 (17).
Aug, 32825469, PMC7503451

« Finsterer, J., Stollberger, C.
Causes of hypogeusia/hyposmia in SARS-CoV2 infected patients
(2020) J. Med. Virol, 92 (10), pp. 1793-1794.
Oct, 32311107, PMC7264588, :

« Elangovan, S.
Taste Disorders and Xerostomia Are Highly Prevalent in Patients with Covid-19
(2022) J. Evid. Based Dent. Pract, 22 (1).
Mar, 35219464, PMC8702654;, (,): 101687. Epub 20211224

« Kumar, H., Nishat, R., Desai, A.
A review on oral manifestations of COVID-19 disease
(2022) J. Family Med. Prim. Care, 11 (10), pp. 5879-5886.
Oct, 36618227, PMC9810878, :

« Marouf, N., Cai, W., Said, K.N.
Association between periodontitis and severity of COVID-19 infection: A case-
control study
(2021) J. Clin. Periodontol, 48 (4), pp. 483-491.
Apr, 33527378, PMC8014679, :

« Pay, J.B., Shaw, A.M.
Towards salivary C-reactive protein as a viable biomarker of systemic inflammation
(2019) Clin. Biochem, 68, pp. 1-8.
Jun, 30995442, :

« Santa Cruz, A., Mendes-Frias, A., Oliveira, A.l.
Interleukin-6 Is a Biomarker for the Development of Fatal Severe Acute Respiratory
Syndrome Coronavirus 2 Pneumonia
(2021) Front. Immunol, 12, p. 613422.
33679753, PMC7930905

+« Fernandez-Botran, R., Miller, J.J., Burns, V.E.
Correlations among inflammatory markers in plasma, saliva and oral mucosal
transudate in post-menopausal women with past intimate partner violence
(2011) Brain Behav. Immun, 25 (2), pp. 314-321.
Feb, 20888902, PMC3025073, :

« Minetto, M., Rainoldi, A., Gazzoni, M.
Differential responses of serum and salivary interleukin-6 to acute strenuous
exercise
(2005) Eur. J. Appl. Physiol, 93 (5-6), pp. 679-686.
Mar, 15778897, :

« Ohara-Nemoto, Y., Nakasato, M., Shimoyama, Y.
Degradation of Incretins and Modulation of Blood Glucose Levels by
Periodontopathic Bacterial Dipeptidyl Peptidase 4
(2017) Infect. Immun, 85 (9).
Sep, 28630069, PMC5563571;, Epub 20170818

« Deacon, C.F.
Physiology and Pharmacology of DPP-4 in Glucose Homeostasis and the Treatment
of Type 2 Diabetes



(2019) Front. Endocrinol (Lausanne), 10, p. 80.
30828317, PMC6384237, :;, :, Epub 20190215

« Papanicolaou, D.A., Wilder, R.L., Manolagas, S.C.
The pathophysiologic roles of interleukin-6 in human disease
(1998) Ann. Intern. Med, 128 (2), pp. 127-137.
Jan, :

« Nethravathy, R.R., Alamelu, S., Arun, K.V.
Evaluation of circulatory and salivary levels of heat shock protein 60 in periodontal
health and disease
(2014) Indian J. Dent. Res, 25 (3), pp. 300-304.
May-Jun, 25098984, :

« Shojaee, M., Fereydooni Golpasha, M., Maliji, G.
C - reactive protein levels in patients with periodontal disease and normal subjects
(2013) Int. J. Mol. Cell Med, 2 (3), pp. 151-155.
Summer, :

« Redman, R.S., Kerr, G.S., Payne, J.B.
Salivary and serum procalcitonin and C-reactive protein as biomarkers of
periodontitis in United States veterans with osteoarthritis or rheumatoid arthritis
(2016) Biotech. Histochem, 91 (2), pp. 77-85.
26800284, PMC4802963, :

« Luan, Y.Y,, Yao, Y.M.
The Clinical Significance and Potential Role of C-Reactive Protein in Chronic
Inflammatory and Neurodegenerative Diseases
(2018) Front. Immunol, 9, p. 1302.
29951057, PMC6008573

+ Rajab, I.M., Hart, P.C., Potempa, L.A.
How C-Reactive Protein Structural Isoforms With Distinctive Bioactivities Affect
Disease Progression
(2020) Front. Immunol, 11, p. 2126.
33013897, PMC7511658

« Eisenhardt, S.U., Thiele, J.R., Bannasch, H.
C-reactive protein: how conformational changes influence inflammatory properties
(2009) Cell Cycle, 8 (23), pp. 3885-3892.
Dec, 19887916, :

« Thiele, J.R., Habersberger, J., Braig, D.
Dissociation of pentameric to monomeric C-reactive protein localizes and
aggravates inflammation: in vivo proof of a powerful proinflammatory mechanism
and a new anti-inflammatory strategy
(2014) Circulation, 130 (1), pp. 35-50.
Jul, 24982116, :

+ Diez-Quevedo, C., Iglesias-Gonzalez, M., Giralt-Lopez, M.
Mental disorders, psychopharmacological treatments, and mortality in 2150 COVID-
19 Spanish inpatients
(2021) Acta Psychiatr. Scand, 143 (6), pp. 526-534.
Jun, 33792912, PMC8250711, :

« Vai, B., Mazza, M.G., Delli Colli, C.
Mental disorders and risk of COVID-19-related mortality, hospitalisation, and
intensive care unit admission: a systematic review and meta-analysis
(2021) Lancet Psychiatry, 8 (9), pp. 797-812.
Sep, 34274033, PMC8285121, :



+« Sommer, |.E., Bakker, P.R.
What can psychiatrists learn from SARS and MERS outbreaks?
(2020) Lancet Psychiatry, 7 (7), pp. 565-566.
Jul, 32437680, PMC7234779, :

« Patrick, D.M., Van Beusecum, J.P., Kirabo, A.
The role of inflammation in hypertension: novel concepts
(2021) Curr. Opin. Physio, 19, pp. 92-98.
Feb, 33073072, PMC7552986, :

« Salvi, G.E., Yalda, B., Collins, J.G.
Inflammatory mediator response as a potential risk marker for periodontal diseases
in insulin-dependent diabetes mellitus patients
(1997) J. Periodontol, 68 (2), pp. 127-135.
Feb, 9058329, :

« Bachtiar, E.W.
(2023) The utility of salivary CRP and IL-6 as a non-invasive measurement evaluated in
patients with COVID-19 with and without diabetes,
January

Correspondence Address
Bachtiar E.; Department of Oral Biology and Oral Sciences Research Center, Indonesia; email: endang04@ui.ac.id

Publisher: F1000 Research Ltd

ISSN: 20461402

PubMed ID: 38269064

Language of Original Document: English
Abbreviated Source Title: F1000 Res.
2-s2.0-85183576452

Document Type: Article

Publication Stage: Final

Source: Scopus

ELSEVIER Copyright © 2024 Elsevier B.V. All rights reserved. Scopus® is a registered
trademark of Elsevier B.V. G_RELX Group™



