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ARTICLE INFO ABSTRACT
Keywords: Objective: To investigate the frequencies and bacterial load of three species of periodontal bacteria
Oropharyngeal cancer in samples from oropharyngeal cancer patients versus healthy individuals.
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Study design: This is a case-control study based on biopsies collected from tumor tissues obtained
from patients with oropharyngeal squamous cell carcinoma between 2016 and 2017 and shed
oral mucosal epithelial cells that were collected from controls using the Cepimax® brush, carrying
out several brushings towards the posterior third edge of the tongue and the cheek. Porphyr-
omonas gingivalis, Tannerella forsythia and Prevotella intermedia detection and absolute quantifi-
cation was determined through q-PCR. Statistical analysis included a U- test, X%, Fisher’s exact
test, odds ratio (OR) and Conditional logistic regression analysis and unconditional regression
analysis (p < 0.05).

Results: A total of 48 donors older than 55 years old participated in this study. The population was
distributed into 24 patients (cases) and 24 controls. A robust association was established in cases
and controls with significance regarding Prevotella intermedia (OR: 15.00) and Porphyromonas
gingivalis (OR:11.00). In the comparison between the amount of each bacteria in the groups,
P. intermedia showed a higher bacterial load in oropharyngeal cancer patients (p = 0.04). How-
ever, multivariate analysis adjusted to the presence of different bacteria and the diverse con-
founding variables did not reveal significant differences for oropharyngeal cancer association.
Conclusion: P. gingivalis and P. intermedia were detected more frequently in the group of patients
with cancer. The bivariate analysis of the bacterial load evidenced significant differences for
Prevotella intermedia, suggesting that it could be associated with oropharyngeal cancer.
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1. Introduction

Head and neck tumors account annually for approximately to 400,000 diagnosed cases, mostly of epithelial type (90%), located
with greater frequency in the oral cavity (40%) and 15% in the pharynx [1]. In 2021 Globocan Colombia reported 914 oral cancer cases
and 378 deaths, and 530 throat cancer cases and 189 deaths [2]. For both oral and throat cancers the principal risk factors are excessive
tobacco and alcohol consumption, recently associated with the processes of oral and pharyngeal microbiota dysbiosis, due to chronic
inflammation and production of carcinogenic agents, such as acetaldehyde and toxins, among others [1].

Over 700 bacterial species have been described in the oral cavity, suggesting high microbial diversity [3], to such an extent that oral
cavity diseases have been associated with dysbiosis [4], whose main outcomes are dental caries and periodontal disease, which is
highly prevalent in adults [5]. In fact, bacteria have been directly associated with this pathology and identified as periodontal
pathogens [6].

Identification of bacteria in patients with oral cancer by pyrosequencing of the 16S rRNA gene revealed that the most prevalent
genera were Streptococcus, Porphyromonas, Fusobacterium and Lactobacillus, and for the control group: Prevotella, Neisseria, Leptotrichia,
Capnocytophaga, Actinobacillus and Oribacterium [7]. In a recent systematic review of the literature we summarized the bacterial genera
and species that have been associated with oral cancer, some of them considered periodontal pathogens such as: Porphyromonas
gingivalis, Tannerella forsythia, Treponema denticola, Aggregatibacter actinomycetemcomitans, Prevotella intermedia, Fusobacterium nucle-
atum, among others [7].

Regarding the oncogenic potential of these periodontal pathogenic bacteria, Porphyromonas gingivalis has been the best described
species. In an animal model, Olsen and collaborators demonstrated that chronic infection with P. gingivalis in addition to the
administration of 4-nitroquinoline-1-oxide (4NQO), an oral carcinogen, favored squamous cell transformation, augmented IL-6 pro-
duction and activated the transcription factor signal transducer and activator of transcription 3 (STAT3), resulting in growth and
increased aggressiveness of the tumor. Furthermore, Binder and collaborators support these results by describing tumorigenesis
stimulation through Toll like receptor activation, Janus kinase survival signaling pathway and glycogen synthase kinase 3 beta
(GSK3p). Additionally, the JAK/STAT signaling pathway is capable of activating indiscriminate cell proliferation in the presence of
gingipains, lipopolysaccharides (LPS) and fimbria present in bacteria [8,9].

Additionally, Tannerella forsythia is a Gram-negative anaerobic bacterium involved in the red-complex conglomerate in peri-
odontitis. It has been associated with oral squamous cell carcinoma by synergizing with other bacteria such as Porphyromonas gingivalis
and Fusobacterium nucleatum. Therefore, it is fundamental to understand how its virulence factors contribute to chronic inflammation
and pathogenicity of multiple clinical diseases, such as, proteins rich in leucine that allow adherence to fibronectin and fibrin among
others, capsular S proteins that allow co-aggregation with Fusobacterium nucleatum and stimulation of IL-8 production [10].

With respect to Prevotella intermedia, it is a Gram-negative anaerobic bacterium associated with multiple pathogenic processes in
the oral cavity, such as periodontal disease, abscesses, cellulitis and squamous cell carcinoma, including systemic diseases such as
diabetes, cardiopathies, rheumatoid arthritis, low birth weight, premature birth, etc. Thus, it is vital to understand how virulence
factors induce high IL-1, -6, and -8, TNF-alpha and interferon levels, produced by epithelial and endothelial cells, macrophages and
fibroblasts. Moreover, it has been shown its capacity to stimulate tyrosine kinase receptors that modulate cell proliferation, migration
and differentiation associated with disease progression [11,12].

To date the role that periodontal pathogens play during carcinogenesis has been delineated. However, studies describing the
prevalence and quantity of bacteria in patients with oropharyngeal cancer are scarce. Hence, the objective of this study was to
determine the prevalence and to quantify the bacterial load of Porphyromonas gingivalis, Tannerella forsythia and Prevotella intermedia in
patients with oropharyngeal cancer in comparison with healthy donors.

2. Materials and methods
2.1. Type of study

This was an analytical-observational study approved by the Ethics Committee of the Pontificia Universidad Javeriana School of
Dentistry (CIEFOUJ 0193 and May 6, 2016), which complements previous studies carried out at the Centro de Investigaciones
Odontolégicas (CIO) at the Pontificia Universidad Javeriana, in compliance with the Helsinki Declaration. Each participant in the
study signed a detailed informed consent form.
2.2. Sample selection

Biopsies were collected from tumor tissues obtained from patients 18 years old or older with primary oropharyngeal squamous cell
carcinoma tumor diagnosed by histopathology, who attended scheduled surgery for tumor resection in hospitals in Bogota, Colombia,
and who had not received previous antineoplastic treatment. Based on age and sex of the patients a group of matched control in-
dividuals was selected to whom oral brush cytology was performed. None of the individuals participating in this study had antimi-
crobial treatment in the previous three months. In addition, pregnancy was an exclusion criterium.

2.3. Sample collection

To collect the biopsies, a surgery was performed using a 6 mm Schumacher biotome to isolate the lesion and facilitate the excision
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of the tumor tissue fragment, which was then preserved in RNA later®. Shed oral mucosal epithelial cells were collected using the
Cepimax® brush, carrying out 5 to 8 brushings towards the posterior third edge of the tongue and the cheek. Subsequently, the brush
was placed in a tube with RNA later® for conservation. All samples were maintained at —20 °C until processed.

2.4. DNA extraction

DNA extraction was performed in all collected samples (biopsy and oral mucosal cytology) using the phenol-chloroform method.
Briefly, an enzymatic proteinase K (Merck, 20 mg/ml) digestion was carried out overnight, followed by phenol-chloroform-isoamyl
alcohol extraction following manufacturer’s instructions (Thermo Scientific). The DNA in the aqueous phase was precipitated with
isopropanol. Two 70% ethanol washes were performed and last the DNA was allowed to air-dry and re-suspended in TE buffer. Samples
DNA concentration was determined in a Nanodrop 1000.

2.5. P. gingivalis, T. forsythia and P. intermedia quantification through qPCR

Real time quantitative PCR (qPCR) was used to specifically detect and quantify Porphyromonas gingivalis, Tannerella forsythia and
Preyotella intermedia employing Tagman probes for each organism. Probes were designed based on sequences obtained from Genbank
of the 3-deoxy-D-manno-octulosonic-acid gene specific for each microorganism (Table 1). The standardized qPCR contained a final
volume of 10 pL, consisting of 1 pl DNA template (Approx. 50 ng), 1X master mix, 300 nM forward and reverse primers, 200 nM probe
and 3.2 pl water. Sample were quantified in triplicate.

Reactions were performed using the following protocol in a CFX 96 Real Time System BioRad thermocycler: First a 10-min
denaturing phase at 95 °C was carried out, followed by 40 cycles at 95 °C for 1 min and 60 °C for 2 min. As a negative control the
master mix ran without DNA template. Copy number was established as the quantifying unit.

A paired statistical analysis was employed, where relative and absolute frequencies were used for nominal variables. For the
microorganisms of interest quantification data of central tendency and dispersion (median and interquartile range IQR) were calcu-
lated. To determine differences between median values obtained for the microorganisms quantified a U Mann-Whitney test was
performed.

In addition, a X and a Fischer exact test was used to compare clinical, socio-demographic characteristics and presence or absence of
microorganisms between cases and controls to determine the association magnitude between variables an odds ratio (OR) was esti-
mated with a 95% confidence interval.

Last, multivariate conditional and unconditional logistic regression models created by stepwise elimination of variables were
performed. All variables with a marginal association (p < 0.20) were considered for the model. For all analyzes significance was
determined at p < 0.05. For statistical analyses, SPSS Statistics V 22 (IBM SPSS Statistics) and Stata® 14 (StataCorp LLC) software were
employed.

3. Results
3.1. Sociodemographic characteristics of the study population

A total of 48 people older than 55 years old participated in this study. The population was distributed in 24 cancer patients (cases)
and 24 controls. In each group, 17 subjects were male (70.8%) and 19 female (79.2%). The locations of the tumors were: 11 cases of
oropharyngeal (45.8%), followed by the palatine amygdala (4 cases, 16.7%), tongue (2 cases,8.3%) and larynx (2 cases, 8.3%).
Regarding their clinical and socio-demographic characteristics in both populations, significant differences were observed in the
number of sexual partners (greater than 5) and oral sex practice, greater in the patient group. On the other hand, smoking or passive
smoking habits and acid reflux characteristics were grater in the control group. No significant differences were observed for the rest of
the analyzed variables (Table 2). For the analysis using risk measures of clinical and sociodemographic variables, none were
considered a risk factor, on the contrary they could have been considered protecting factors. The OR for oral sex practice was OR: 0.11,
however, it must be taken into account that 3/24 patients and 21/24 in the control group did not respond to this question. The
variables, smoking habits, passive smoker and acid reflux presented ORs of OR: 0.18, OR: 0.07 and OR: 0.18, respectively.

Table 1
Primers and probes used to amplificated Porphyromonas gingivalis, Tannerella forsythia, and Prevotella intermedia with qPCR.
Porphyromonas gingivalis Tannerella forsythia Prevotella intermedia
Primer ATACGACGGCCTTTCATACG TTATTTGCCCTTCGATACGC GACCCGAACGCAAAATACAT
Forward
Primer GCCTCGGGTGTATTGTGAAT TTATTTGCCCTTCGATACGC AGGGCGAAAAGAACGTTAGG
Reverse
Probe Quasar 705-TCCTCCATTTATCGCTACGG CALFLUORGOLD540- FLUOR RED 610-AAAGAAGGAACACCCC-

-BHQ2 CAAATGGTACGGAAGCTGGT-BHQ1 GACT - BHQ2
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Table 2
Comparison between patients and controls for their clinical and sociodemographic characteristics (X? and Fischer exact test).
Patients Controls p value OR 95% CI
n=24 % n=24 %

Sex

Female 7 29.2 7 29.2 1.000 1

Male 17 70.8 17 70.8 1.00 (0.23-4.34)
Age

<55 years old 5 20.8 5 20.8 1.000 1

>55 years old 19 79.2 19 79.2 1.00 (0.07-13.7)
Socio-economic status

Low 12 50.0 5 20.8 0.281 1

Medium 10 41.7 16 66.7 0.29 (0.05-1.41)

High 2 8.3 3 12.5 0.24 (0.24-2.35)
Number of sexual partners

1to2 9 37.5 17 70.8 0.030 1

3to4 9 37.5 6 25.0 6.99 (0.86-56.8)

>5 6 25.0 1 4.2 2.55 (0.30 - ND)
Oral sex practice

No 9 37.5 3 12.5 0.0001 1

Yes 9 37.5 0 0.0 0.11 (0.02-0.80)

DK/NR 6 25.0 21 87.5
Smoking habit

No 16 66.7 3 12.5 0.0001 1

Yes 8 33.3 21 87.5 0.18 (0.03-0.65)
Passive smoker

No 20 83.3 7 29.2 0.0001 1

Yes 4 16.7 17 70.8 0.07 (0.02-0.32)
Alcohol consumption

No 12 50.0 10 41.7 0.562 1

Yes 12 50.0 14 58.3 0.77 (0.24-2.34)
Acid reflux

No 12 50.0 8 33.3 0.0001 1

Yes 4 16.7 16 66.7 0.18 (0.03-0.50)

DK 8 33.3 0 0.0
Medication in the past 15 days

No 15 62.5 9 37.5 0.099

Yes 9 37.5 15 62.5
Tumor location

Amygdala 4 16.7 - -

Hypopharynx 1 4.2

Lower lip 1 4.2

Larynx 2 8.3

Tongue 2 8.3

Oropharynx 11 45.8

Not reported 3 12.5

Performed using X2 and Fisher exact test.
DK: does not know.
NR: No response.

Table 3
Presence or absence comparison of Prevotella intermedia, Porphyromonas gingivalis and Tannerella forsythia in patients vs. controls. Significance
established using X? and Fischer exact test.

Patients Controls p value OR 95% CI
n=24 % n=24 %
P. intermedia
Absence 4 16.7% 18 75.0% 0.000 15.00 1
Presence 20 83.3% 6 25.0% (2.3-63.0)
P. gingivalis
Absence 8 33.3% 18 75.0% 0.004 11.00 1
Presence 16 66.7% 6 25.0% (1.59-47.0)
T. forsythia
Absence 14 58.3% 21 87.5% 0.023 4.50 1
Presence 10 41.7% 3 12.5% (0.93-42.7)

Performed using X* and Fischer exact test.
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3.2. Comparison between the three bacteria species in the oral cavity

We first determined the presence or absence of the P. intermedia, P. gingivalis and T. forsythia in patients and control individuals
(Table 3). Our results evidenced significant differences for P. intermedia, which was present in 83.3% (20/24) of the patients in
comparison with 25% (6/24) in the control group for a highly significant difference (p = 0.000). Furthermore, P. gingivalis was
identified in 66.7% (16/24) of the patients and 25% (6/24) of control individuals, with a p = 0.004. Last, T. forsythia was present in
41.7% (10/24) of patients with lesions and 12.5% (3/24) in controls with a p = 0.023. These results showed that all three periodontal
pathogens were more prevalent in patients compared with control individuals. Upon association analysis the presence of P. intermedia
and P. gingivalis presented OR: 15 and OR: 11, respectively. Thus, they can be considered risk factors in the analyzed sample.

Next, we performed a quantitative analysis of bacterial load for each species using a logarithm transformation for statistical analysis
(Table 4 and Fig. 1). For P. intermedia a greater CFU for the patient group with a median of 3.70 CFU (interquartile range (IQR): 3.16 to
4.20) in comparison with controls 2.06 CFU (IQR: 1.75 to 2.79), with a p = 0.04 was evidenced, suggesting that, for Prevotella
intermedia, significant changes take place between patients and controls. However, for P. gingivalis, a greater dispersion was evidenced
in patients in comparison with controls with no significant differences. Last, for T. forsythia no significant difference was observed
between groups.

3.3. Multivariate analysis

The conditional logistic regression model (Table 5) adjusted to the different bacteria species and confounding variables, did not
demonstrate significant differences for the presence of oropharyngeal cancer correlating with any of the microorganisms evaluated. In
Table 5 a trend of P. intermedia towards an increased risk of oropharyngeal cancer is highlighted. However, no possible association
between bacterial presence and oropharyngeal cancer could be established (p > 0.05).

4. Discussion

Most pathogenic bacteria in the oral cavity are Gram negative anaerobes, whose presence is evident in widely known diseases, such
as cellulitis, abscesses, pericoronitis, alveolitis, periodontitis (periodontal pathogens), among others. There is evidence that oral
microbiota disequilibrium can favor pathogenic bacterial growth, at the same time that eubiotic bacteria, related to healthy processes,
become diminished; thus, favoring development of systemic diseases such as diabetes, elevated blood pressure and cancer, associated
with virulence factors and subsequent chronic inflammation [13,14].

Socransky et al. (1998) proposed an oral-microbial complexes model associated with periodontal disease, proposing six bacterial
complexes: 1. Yellow complex (Streptococcus species) associated with periodontal health. 2. Purple complex (for example Veillonela
parvula and Actinomyces odontolyticus), 3. Green complex (for example Eikenella corrodens, Capnocytophaga gingivalis, C. sputigena, C.
ochracea) 4. Blue complex (Actinomyces spp), 5. Orange complex (for example Fusobacterium, Prevotella and Campylobacter) and 6. Red
complex (for example Porphyromonas gingivalis, Treponema denticola, Tannerella forsythia). Bacteria in complex 5 and 6 are associated
with periodontal disease [15].

Such description has been verified by other studies such as Pérez Chaparro et al., 2014, who associated Porphyromonas gingivalis and
Tannerella forsythia to the red complex. Moreover, Prevotella intermedia, Parvimonas micra, Fusobacterium nucleatum, Eubacterium
nodatum and Aggregatibacter actinomycetemcomitans were associated with the orange complex, related to the etiology of different
periodontal conditions [15]. According to Aruni and collaborators (2015), bacteria that initially adhere to the tooth surface are Gram
positive, facultative anaerobes, such as Actinomyces spp and oral streptococci. These bacteria interact with other primary colonizers
and allow secondary colonizers, such as Prevotella intermedia, P. loescheii, Capnocytophaga spp and Fusobacterium nucleatum, forming the
biofilm’s matrix. Last, late colonizers are attracted, such as Porphyromonas gingivalis, Treponema denticola, and Tannerella forsythia [16].

Concerning oral or oropharyngeal cancer, bacteria in the oral cavity such as Porphyromonas gingivalis, Fusobacterium nucleatum,
Tannerella forsythia and Prevotella species have been associated with the initiation, promotion and progression of this neoplasia. It has
been described in studies on P. gingivalis that virulence factors such as fimbriae and LPS stimulate pro-inflammatory cytokine pro-
duction, such as, IL-1, IL-6, IL-8, TNF-alpha, and activation of the JAK2/STAT3, signaling cascade blocking apoptosis and thus pro-
moting cancer development [3,8,9].

With regard to Tannerella forsythia, scientific evidence points out this bacterium possess proteins rich in leucine that allow it to
adhere to fibronectin and fibrin in the extracellular matrix of connective tissues. Additionally, the S protein stimulates IL-8 production

Table 4
Colony forming units (CFU) comparison between patients vs. controls.
Patients Controls p value
Median IQR Median IQR
P. intermedia log. 3.70 3.16 4.20 2.06 1.75 2.79 0.0431
P. gingivalis log. 2.36 0.57 6.55 2.92 2.30 3.31 0.3454
T. forsythia log. 4.39 3.95 5.15 3.37 3.20 3.68 1.000

Performed by Wilcoxon rank-sum test. Median evidence and interquartile ranges for each bacterium.
IQR: interquartile range.
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Fig. 1. Copy number comparison between patients (cases) and controls for the different evaluated microorganisms.

Table 5
Conditional logistic regression model for the presence or absence of the different bacteria objective of this study with
respect to presence of oropharyngeal cancer.

OR 1C 95% p value
P. intermedia
Absence 1 0.056
Presence 8.43 (0.94-73.6)
P. gingivalis
Absenc 1 0.333
Presence 3.11 (0.31-31.0)
T. forsythia
Absence 1 0.749
Presence 1.41 (0.17-11-6)

that allows it to co-aggregate with Fusobacterium nucleatum. In fact, this microorganism can act synergistically with other bacteria, such
as Porphyromonas gingivalis and Fusobacterium nucleatum, contributing to chronic inflammation [10].

Furthermore, virulence factors, such as fimbriae that aid in bacterial adhesion and co-aggregation have been described for Pre-
votella intermedia. Moreover, its capacity to degrade immunoglobins, and its toxic action against fibroblasts and fibrinolytic activity
have been described. The pathogenic significance for the rest of the species is not well known; thus, they are related with other
bacteria, with a synergistic and polymicrobial characteristic [15]. Results in the present study evidenced that P. gingivalis was detected
through qPCR in 16 out of 24 patients with oropharyngeal cancer, corresponding to 66.7% of the patient group.

On the other hand, P. gingivalis was identified in the control group in 6 out of 24 individuals, corresponding to 25% of the pop-
ulation assayed. A significant difference was observed between patients and controls. Kawasaki and collaborators performed a study
with 58 cases and 51 controls that aimed to detect periodontal pathogens in esophageal cancer through PCR. Three types of samples
were collected: bacterial plaque, saliva and tumor tissue. P. gingivalis detection evidenced a greater presence in patients in comparison
with controls, mainly in bacterial plaque, with values of 65.5% (38/58) in patients and 37.5% (18/51) in controls. In saliva samples
78.6% of the patient population was positive for this bacterium and it was detected in 79.03% of the controls. P. gingivalis was detected
in 35.13% (13/37) of the samples collected from the patient’s tumor, without a control for this last sample group [17]. In addition,
Peters et al., 2017, elaborated a study whose objective was to evaluate P. gingivalis in patients with esophageal squamous cell carci-
noma. Their results collected from brushing of oral mucosal revealed 32% (9/28) positivity for cancer patients and 20% (10/50) for
controls [18]. These results are in agreement with our study, where 66.7% of the patients were positive for this bacterium. Our results
are similar and even report a higher prevalence in cancer patients. In is noteworthy that for the Kawasaki study, results between
patients and controls were similar, suggesting saliva is not the best sample source to compare cases and controls [17].

Other studies detecting P. gingivalis in samples from cancer patients, contrasting them with a control group were Yuan et al., 2017,
who demonstrated presence of this bacterium in 48% (24/50) of the samples collected from esophageal tumors. The authors also
performed this analysis in dysplastic tissue with 23.3% (7/30) detections. In contrast, in normal esophageal mucosa only one person
was positive 3.3% (1/30) [19]. Gao et al., 2021 detected this bacterium in 71% (71,/100) of patients with esophageal cancer and 3.3%
(1/30) in controls from healthy esophageal mucosa [20]. Our results are in agreement with Yuan et al. and Gao et al. It should be noted
that our patients had a percentage very similar to that reported by Gao et al. with an approximate 5% discrepancy [20]. However, it is
clear the trend that P. gingivalis is more prevalent in patients than controls remains. Nevertheless, our controls presented a higher value
(25% vs. 3.3%) in comparison with Yuan and Gao studies.

Other authors, such as Kang et al., 2009, described saliva in healthy individuals contained a greater number of periodontal
pathogens in comparison with that of cancer patients, due to a variety of factors, such as the patient’s health status or cancer therapy
[21]. This was corroborated by Na et al., 2013, who found that age, diet and disease had an effect on the presence of different bacterial
species [22].
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Another hypothesis suggests the higher prevalence of pathogenic bacteria in controls (44%) in comparison with cancer patients
(12%), may be due to the diverse P. gingivalis genotypes. Monier et al., 2020, established a relationship between ATCC 33277, W83,
W50, ATCC 49417 strains with oral cancer, which presented higher virulence factors. In the present study, P. gingivalis genotype was
not determined; hence, in future studies this microorganism must be genotyped. Moreover, Monier et al. noted the importance of
evaluating bacteria associated with oral cancer in tumor tissue rather than saliva, since the microbiome composition can be due to
particular characteristics of the tumor’s microenvironment [23]. Furthermore, Chen et al. described the aforementioned strains
associated with other pathologies, such as periodontal disease [24].

These previous studies used different PCR techniques, which without doubt could have influenced the results. Monier and col-
laborators consider PCR to be the ideal technique for bacterial detection, since it is a specific, sensitive and reproducible technique and
widely available, which is not influenced by microorganism growth as observed in culture [23].

In our study Tannerella forsythia was detected in 41.7% (10/24) of the patients and in 12.5% (3/24) of the control individuals.
Kawasaki and collaborators (2021) demonstrated its presence in bacterial plaque samples collected from patients 79.3% (46/58) and
in controls 25.4% (13/51). In saliva its presence was (57/61) for patients and (57/62) for controls, 93.44% and 91.93%, respectively.
Whereas for tumor tissue its presence was 16.21% (6/37), this group did not have a corresponding control [17]. Peters and collab-
orators (2017) designed a similar study to those previously described, whose objective was to evaluate the presence of the microor-
ganism in patients with esophageal squamous cell carcinoma. They evidenced 52% (15/28) for patients and 58% (29/50) for controls
in samples collected by brushing of oral mucosa [18]. Findings from the Peters study are different than ours for both populations
collected, this could be attributed to the technique used to detect the microorganism. Peters et al. performed conventional PCRs
without significant differences, whereas our study employed qPCR with a significant p value. In regard to the Kawasaki study no
control was assayed for the tumor tissue [17]. Thus, it is not entirely comparable with our investigation.

Concerning Prevotella intermedia, its presence was detected in 83.3% (20/24) of the patients in comparison with controls 25% (6/
24). According to Kawasaki, this bacterium was detected in bacterial plaque samples in 60% (35/58) of the patients and 39.9% (20/51)
of the controls. In saliva it was detected in 68.8% of the cases and 59.9% of the controls. Last, in 35.13% of the tumor tissue evaluated
[17]. In our study this microorganism prevails with higher presence in patients in comparison with control individuals.

Due to the lack of case-control studies that associated periodontal pathogens with oropharyngeal carcinoma, other similar studies
were taken into account that aimed to establish an association between periodontal pathogens and esophageal carcinoma, because
both structures possess a squamous stratified mucosa of the head and neck region. Therefore, more studies investigating oropharyngeal
carcinoma are required [25].

From the quantitative point of view, the present study collected brushings of oral mucosa from tumor tissue (patients/cases) and
controls. Microorganisms were quantified through qPCR and evidenced for P. intermedia log a median of 3.70 CFU in patients and 2.06
CFU in controls (p = 0.0431), suggesting that an increase in this microorganism could be considered as a poor prognosis marker. For
P. gingivalis log medians between cases and control were similar 2.36 and 2.92 CFU, respectively, as well as for T. forsythia log medians
of 4.39 CFU in patients and 3.37 CFU in controls.

Kawasaki and collaborators performed qPCR and evidenced low levels (<1 CFU) of P. intermedia, P. gingivalis and T. forsythia in
subgingival bacterial plaque for patients as well as controls. For F. nucleatum the quantifications were 100 CFU in patients and 200 CFU
in controls. For saliva samples the authors evidenced for patients and controls the following results F. nucleatum 6.5-7 CFU, P. gingivalis
5-5.5 CFU, P. intermedia 3-4 CFU and T. forsythia. 3.2-3.5 CFU, none of these results presented significant differences [17].

The study by Chen and collaborators quantified P. gingivalis through qPCR in patients with esophageal carcinoma and controls
finding values of 7.5 CFU for patient samples and less than 2 for controls [26]. Sawant and collaborators performed a case and control
study, where P. gingivalis was quantified through qPCR obtaining 4.01 x 10° BGE/ml (bacterial genomic equivalent) in patients with
oral cancer in comparison with controls (8.45 x 10* BGE/ml). 120 subjects participated in the study, divided in 40 cases and 40
controls and 40 heavy smokers [27].

In the present study it was evidenced acid reflux (OR = 0.18 95% CI (0.03-0.50) p = 0.001) could be considered a protecting factor,
present in 20% patients and 80% in controls. El-Serag et al., 2001, performed a case study with hospitalized and ambulatory laryngeal
and pharyngeal cancer patients and controls, including hospitalized and ambulatory patients without cancer. In their multivariate
logistic regression analysis controlled by age, sex, ethnicity, smoking habits and alcohol consumption, acid reflux was associated with
an adjusted odds ratio OR of 2.40 (95 %CI of: 2.15-2.69, p = 0.0001) for the laryngeal cancer and 2.38 (95 %CI 1.87-3.02, p = 0.0001)
for pharyngeal cancer in comparison with controls [28]. In contrast to the present work the results obtained by El-Serag et al.
demonstrated acid reflux was considered a risk factor for laryngeal and pharyngeal cancer.

Additionally, smokers and passive smokers obtained ORs of 0.18 with a 95% CI (0.02-0.80) and OR of 0.07 with a 95% CI 95
(0.02-0.32), respectively, a contradictory result for cancer risk when compared with that presently reported in the literature. Ac-
cording to Gowda et al., 2020, smokers at some point demonstrated a 2.5-fold risk of oral cancer (95%CIL: 1.6342, 4.026) without
adjusting to any probable risk factor. After adjustment for chewing tobacco and alcohol consumption the risk increased by 3.4-fold
(95% CI: 1371, 8475) [29]. The contradictory results in the present study could be accounted by the fact that the number of ciga-
rettes smoked per day, the type of cigarette (with and without filter), vaping system, among others were not considered.

In this study the oral sex practice results should be carefully analyzed, since 22% of the case group and 77% of the control group did
not respond to this question in the questionnaire. Thus, it is not possible to determine whether it is associated or nor to oropharyngeal
cancer.

Concerning our logistic regression analysis, we observed for P. intermedia (OR = 8.43 (95% CI 0.94-73.6), P. gingivalis (OR = 3.11
(95% CI 0.31-31.0), and T. forsythia (OR = 1.41 (95% CI 0.17-11.6) results that did not demonstrate significant differences between
patients and controls. This could be accounted by a limited sample size. However, it is noteworthy to highlight for the three bacteria
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evaluated that our logistic regression model revealed a tendency towards increased oropharyngeal cancer risk.

Studies such as the one performed by Kawasaki et al. demonstrated for the bacteria evaluated in the present study ORs of: OR =
4.46 (95% CI 0.79-25.40) p = 0.09 for P. gingivalis, OR = 79.70 (95% CI 4.34-1460.00) p = 0.003 for T. forsythia and an OR = 0.16
(95% CI 0.02-1.60) p = 0.12 for P. intermedia.'” Therefore, it could be suggested T. forsythia presence could be associated with cancer.

Peters et al. in their regression logistic model were also unable to find an association between P. gingivalis (OR = 1.30 95%CI
(0.96-1.77) and T. forsythia (OR = 0.95 95% CI (0.58-1.55) and esophageal cancer (19). They highlighted P. gingivalis is the most
relevant periodontal pathogen associated with esophageal cancer, even though no significant differences were determined [18].

Collectively, available evidence is not sufficient to demonstrate an association between oropharyngeal cancer and the presence of
bacteria. However, this study does highlight the importance of quantifying mainly P. intermedia, where high levels were observed in
the patient group in comparison with controls.

5. Conclusions

In this case-control study a significant difference in the prevalence and bacterial load of Prevotella intermedia was observed in
oropharyngeal cancer patients, suggesting that this bacterial strain could be associated with the development of this malignancy.

6. Limitations of the study

This study did not include a comparison of the biopsies taken from patients with tissue obtained from the control group. Moreover,
tissue adjacent to the tumor was not included. It was not possible to identify the clinical stage of the disease at the time of sampling.

Statement of clinical relevance

Increase in Prevotella intermedia count is predominantly higher in patients with oropharyngeal cancer compared to the control
group, which suggests the importance of oral health care in patients with this diagnosis and as far as possible detect and quantify them.
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