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Featured Application: Increased Atopobium parvulum, Enterococcus faecalis, Fusobacterium nu-
cleatum, and Porphyromonas gingivalis can be a high risk for the incidence of postoperative pneu-
monia.

Abstract: Postoperative pneumonia is a serious problem for patients and medical staff. In Japan,
many hospitals introduced perioperative oral care management for the efficient use of medical
resources. However, a high percentage of postoperative pneumonia still developed. Therefore,
there is a need to identify the specific respiratory pathogens to predict the incidence of pneumonia
The purpose of this study was to find out the candidate of bacterial species for the postoperative
pneumonia. This study applied case-control study design for the patients who had a cancer operation
with or without postoperative pneumonia. A total of 10 patients undergoing a cancer operation under
general anesthesia participated in this study. The day before a cancer operation, preoperative oral
care management was applied. Using the next generation sequence, oral microbiome of these patients
was analyzed at the time of their first visit, the day before and after a cancer operation. Porphyromonas
gingivalis and Fusobacterium nucleatum group can be a high risk at first visit. Atopobium parvulum and
Enterococcus faecalis before a cancer operation can be a high risk. Poor oral hygiene increased the
risk of incidence of postoperative pneumonia. Increased periodontal pathogens can be a high risk of
the incidence of postoperative pneumonia. In addition, increased intestinal bacteria after oral care
management can also be a high risk for the incidence of postoperative pneumonia.

Keywords: post operative pneumonia; oral microbiome; perioperative oral care management;
cancer operation

1. Introduction

The oral microbiome contains over 700 species of bacteria in the oral cavity which
comprises diverse anatomic structures [1]. Tooth surface as a hard tissue can be the scaffold
for the biofilm formation. Oral biofilm contains not only commensal oral bacteria, but
external pathogenic bacteria including opportunistic pathogens [2]. Periodontal pocket
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harbors pathogenic anaerobes for periodontal tissue [3]. These pathogens also impact on
respiratory disease [4] by causing inflammatory response to the endotoxin of the periodon-
tal pathogens. Poor oral hygiene causes the dysbiosis of oral microbiome. For dysbiosis,
Porphyromonas gingivalis and Streptococcus mutans are emphasized because of their bacterial
metabolism and virulence, community development, and bacteria—host interactions [5].
Oral microbiome is the main source of lung microbiome [6]. Aspiration of opportunistic
respiratory pathogens can cause pneumonia [7]. Increased anaerobe including periodontal
pathogens in the oral microbiome are suggested to be a risk for the multiple respiratory
diseases. Among the common postoperative complications, incidence of postoperative
pneumonia is the third in all surgical procedures [8]. It is a serious problem for patients
and as well as medical staff. In addition, it increases the hospitalization days and workload
of medical staff. Finally, it increases medical costs. The medical costs increased from
USD12,000 to USD40,000 by the development of ventilator-associated pneumonia [9-12].

Dental intervention can alter the aspiration of oral and respiratory pathogens into
the lungs and prevent inflammatory responses. A systematic review reported an average
of 40% reduction in the incidence of nosocomial pneumonia by dental interventions [13].
Therefore, in Japan, many hospitals introduced perioperative oral care management for the
efficient use of medical resources. However, even by the application of perioperative oral
care management, a high percentage of postoperative pneumonia still developed. This may
be because several times or short terms dental intervention may not alter the dysbiosis of
oral microbiome completely. Therefore, there is a need to identify the specific respiratory
pathogens to predict the incidence of pneumonia. The purpose of this study was to find
out the bacterial species that can be the candidate of postoperative pneumonia by applying
a case control study design.

2. Materials and Methods
2.1. Study Design

This study applied a case-control study design for the patients who had a cancer
operation with or without postoperative pneumonia. Hospitalized patients at Kyusyu
University Hospital from December 2020 to July 2021 who underwent a cancer operation
and visited perioperative oral management center were recruited. The inclusion criterion
was having undergone surgery under general anesthesia with epidural anesthesia All
patients were extubated in the operating room. Edentulous patients were excluded. Among
them, patients who had postoperative pneumonia were selected. Type of cancer was
used for matching. Informed consent was obtained from all the patients. All the patients
underwent chemotherapy after a cancer operation.

A total of 10 patients participated in this study. The diagnosis was stomach cancer for
four patients, esophageal cancer for four patients and pancreatic cancer for two patients.

2.2. Oral Examination and Preoperative Oral Care

One dentist (Y.I) conducted oral examination and preoperative oral care. Number
of remaining teeth, O’Leary plaque control records at initial visit to perioperative oral
management center and the day before cancer operation were recorded. Mel Sage PC
pellets (SHOFU Inc., Kyoto, Japan) was used for staining dental plaque.

For preoperative oral care management, dental plaque was completely removed by
Professional Mechanical Tooth Cleaning until no stained plaque was observed. Dental
plaque was removed by the dentist (Y.I) by using contra-angle handpiece with polishing
paste (MERSSAGE, SHOFU, Kyoto, Japan) until no stained plaque was observed. A sponge
brush was used to clean up the oral mucosa. When dental calculous was detected, scaling
was performed. This procedure was performed at the initial visit and the day before the
cancer operation [14].
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2.3. Sampling

Coat of the tongue was scrapped by mucosal brush (ERAC 541 S: LION., Tokyo,
Japan) 5 times. The tongue coat attached to the mucosal brush was suspended in ice-
cold phosphate-buffered saline and immediately stocked in the freezer (—20 °C) until
the microbiome analysis. Sampling was performed at initial visit for perioperative oral
management center, the day before a cancer operation and the day after a cancer operation.

2.4. Microbial DNA Extraction

Tongue surface samples suspended in PBS were collected by a centrifuge at 3000 rpm
for 10 min. DNA extraction was performed by a Maxwell 16 LEV Blood DNA Kit (Promega
KK, Tokyo, Japan) according to the manufacturer’s instructions. DNA concentration was
measured by a NanoDrop ND-2000 (Thermo Fisher Scientific KK, Tokyo, Japan). Degrada-
tion of DNA was visually checked by electrophoresis on 1% agarose gel. Degradation of
DNA and contamination of RNA were checked by a Qubit dsDNA BR Assay Kit (Thermo
Fisher Scientific KK, Tokyo, Japan). Samples meeting the following criteria were used
for further sequence analysis: conc > 20 ng/uL, volume > 20 uL, A260/280 > 1.8 and
A260/230 > 1.5. In this study, all samples met the criteria.

2.5. Microbial Community Analysis

Extracted DNA was analyzed in a laboratory (Chun Lab, Seoul, Korea). Polymerase
chain reaction PCR amplification was performed using primers specific to the V3-V4 region
pyrosequencing tags of the 165 rRNA gene in the extracted bacterial DNA. Taxonomic classi-
fication of each read was assigned based on a search of the EzBioCloud 16S database [15,16],
which contains the 165 rRNA genes of type strains that have valid published names and
representative species-level phylotypes of both cultured and uncultured entries in the
GenBank database, with complete hierarchical taxonomic classification from the phylum to
species level [17].

2.6. Diagnosis of Pneumonia

Pneumonia was diagnosed by standard criteria: fever (body temperature of >37.5 °C),
high serum C-reactive protein levels and an infiltration shadow on chest computed tomog-
raphy [18].

2.7. Statistical Analysis

Descriptive statistics, ROC analysis and decision analysis were carried out by SPSS
Statistics ver 27.0 (IBM, Tokyo, Japan). Microbiome analysis was conducted by Bioconductor
on free software R ver 4.03. The package used in this study were microbiome, phyloseq,
vegan, ape, knitr and Rtsne [19,20].

For the ordination analysis, tSNE was used. t-SNE is a tool to visualize high-dimensional
data. It converts similarities between data points to joint probabilities and tries to minimize
the Kullback-Leibler divergence between the joint probabilities of the low-dimensional
embedding and the high-dimensional data. It is highly recommended to use another
dimensionality reduction method to reduce the number of dimensions to a reasonable
amount if the number of features is very high. This method suppresses some noise. It plots
the similar data points on the same map as close as possible. Therefore, tSNE is often used
for microbiome analysis as a popular new ordination technique [21-24].

3. Results
3.1. Clincal Parameters of the Patients Who Paticipated in This Study

In this study, a total of 10 patients were analyzed. Five patients with postoperative
pneumonia as a case and five patients without postoperative pneumonia as a control
participated. Clinical data of these patients were shown in Table S1. No statically significant
difference was observed except for O’Leary plaque control record.
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3.2. Sequence and Adiversity

From 30 tongue coat samples obtained from the 10 subjects, 895,680 reads (minimum,
4273; maximum, 49,714) passed quality control. Sequences were clustered to 22 phyla, 51
classes, 87 orders, 137 families, 298 genera and 682 species. All 682 species are visualized
using a heatmap in Supplementary Materials Figure S1. Indexes concerning « diversity are
shown in Table S2. The rarefaction curve is presented in Figure S2.

3.3. Changes in Oral Microbiome Composition at Phylum and Genous Level

The changes in oral microbiome compositions at baseline, before and after a cancer
operation at the phylum and genius level were shown in Figure 1. For phylum levels of oral
microbiome, Firmicutes was decreased in all cases after a cancer operation when compared
with baseline.

Proteobacteria and Bacteroides were increased after operation. For genius level, Strepto-
coccus was decreased, and Neisseria was increased in the control groups. Pseudomonas and
Fusobacterium were higher in patients with a fever after operation.

The taxa prevalence at baseline, before and after a cancer operation were shown in
Figure S3. The results of canonical correspondence analysis (CCA) were shown in Figure
S4. The results of network analysis were shown Figure S5.
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Figure 1. Cont.
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Figure 1. Composition of oral microbiome of the patients with or without fever after a cancer
operation. (a): Phylum level changes in oral microbiome, patients with pneumonia after a cancer
operation, (b): Phylum level changes in oral microbiome, control, (c): Genius level changes in oral
microbiome, patients with pneumonia after a cancer operation, and (d): Genius level changes in oral
microbiome, control.

3.4. Prediction of Incience of Pneumonia by Oral Bacterial-Specific Species
3.4.1. ROC Analysis for the Prediction of Incidence of Pneumonia

To find out the specific species which can predict the incidence of pneumonia after
a cancer operation, ROC analysis was performed separately by oral microbiome of base-
line and before operation. The species that had more than 0.75 AUR were selected. In
these species, periodontal pathogens (Porphyromonas gingivalis, Tannerella forsythia, and
Fusobacterium nucleatum) were included. The results were shown in Table 1.
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Table 1. Sensitivity and specificity of species levels of oral bacteria for the incidence of fever after
operation; (a) Baseline; (b) Before cancer operation.

(@)

Species Cut Off (%) Sensitivity Specificity Likelihood Ratio AUR
AM420132_s 0.002 0.600 1.000 - 0.800
Atopobium parvulum 1.163 0.800 0.600 2.000 0.760
CAGY_s 0.076 0.800 0.400 1.333 0.760
Campylobacter gracilis 0.002 0.800 0.800 4.000 0.800
Dialister invisus 0.019 1.000 0.800 5.000 0.920
Dialister pneumosintes 0.007 0.800 1.000 - 0.840
Fusobacterium nucleatum group 0.103 0.800 0.800 4.000 0.880
Porphyromonas endodontalis 0.010 0.800 0.800 4.000 0.780
Porphyromonas gingivalis 0.005 1.000 0.800 5.000 0.960
Prevotella oris 0.002 0.800 0.800 4.000 0.840
Shuttleworthia satelles 0.002 0.800 0.800 4.000 0.800
Streptococcus anginosus group 0.003 1.000 0.800 5.000 0.960
Tannerella forsythia 0.008 0.600 1.000 - 0.760

(b)

Species Cut Off (%) Sensitivity Specificity Likelihood Ratio AUR
Actinomyces oris 0.006 0.600 1.000 - 0.760
Actinomyces_uc 0.111 0.800 0.800 4.000 0.840

Atopobium parvulum 1.365 0.800 1.000 - 0.920
Bacteroides coprocola 0.001 0.600 1.000 - 0.800
Bifidobacterium longum group 0.011 0.600 1.000 - 0.800
CAGY_s 0.122 0.800 0.600 2.000 0.800
Enterococcus faecalis 0.004 0.800 0.800 4.000 0.780
Fusobacterium nucleatum group 0.078 0.800 0.800 4.000 0.800
Prevotella denticola 0.005 0.800 0.800 4.000 0.800
Prevotella_uc 0.024 0.800 0.600 2.000 0.760
Porphyromonas gingivalis 0.007 0.800 0.800 4.000 0.860
Prevotella oris 0.007 0.600 1.000 - 0.760
Shuttleworthia satelles 0.001 0.600 1.000 - 0.800
Slackia exigua 0.004 0.600 1.000 - 0.760
Streptococcus anginosus group 0.012 0.600 1.000 - 0.780
Streptococcus mutans 0.004 0.600 1.000 - 0.760

Periodontal pathogens and Enterobacteriaceae were included. Likelihood ratio was calculated by Sensitivity /(1-
Specificity). Likelihood ratio could not calculate when Specificity was 1. ”-” indicated that specificity was

3.4.2. Decision Analysis for the Prediction of Incidence of Pneumonia

By using selected species, decision analysis was carried out to find out the rules to
predict the fever after operation. The results were shown in Figure 2.

To predict the incidence of pneumonia after operation, Porphyromonas gingivalis and
Fusobacterium nucleatum group at baseline can be a high risk, Atopobium parvulum and
Enterococcus faecalis before a cancer operation can be a high risk.
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Figure 2. Decision tree for the prediction of incidence of pneumonia by specific species; (a): Baseline;
(b): Before cancer operation. “+”: incidence of pneumonia, “-“: without incidence of pneumonia.

o

3.5. Ordonation Analysis of the Oral Pathogenic Species for the Pnumonia

To find out the correlations of the species listed in Table 1, tSNE analysis was car-
ried out. The results were graphically illustrated in Figure 3. In the baseline micro-
biome, pathogenic bacteria for pneumonia were closely located; however, before operation,
pathogenic bacteria for pneumonia were separately located. The correlation heatmaps of
the pathogen for pneumonia against other oral microbiomes are shown in Figure Sé6.
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Figure 3. tSNE analysis of the oral microbiome; (a) Baseline; (b) Before cancer operation.

4. Discussion

In this study, we investigated the pathogenic bacteria for the postoperative pneumonia
after cancer surgery under general anesthesia. By decision analysis, pathogens that can be
predict the incidence postoperative pneumonia were presented.
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Figure 1 shows the changes in the proportion of oral microbiome. At the phylum
level, Bacteroides and Proteobacteria were major components of Gram-negative bacteria
and Firmicutes and Actinobacteria were major components of Gram-positive bacteria. The
proportion of Gram-positive bacteria were decreased, and Gram-negative bacteria were
increased. However, a clear difference between the two groups was not observed. The
changes may be derived from the effect of lung dysbiosis by mechanical ventilation. A
previous report had shown that mechanical ventilation was associated with changes in
the respiratory microbiome [25]. The component of respiratory microbiome was different
between patients with or without ventilation-associated pneumonia [26]. A “microbial shift”
occurred in dental plaque, with colonization by potential VAP pathogens and reverted
back to having a predominantly normal oral microbiota after extubation [27,28]. At the
genus level, Streptococci and Veillonella were decreased, and Neisseria was increased after
cancer operation in the control group. Streptococci and Veillonella congregate and promote
the formation of early biofilm [29-31]. Neisseria increase at the stage of dental biofilm
re-development [32].

The plaque control record was lower in the control group. The amount of biofilm
before a cancer operation may reflect on the results. Neisseria and Granulicatella were
decreased in pneumonia group after a cancer operation. Most of the species belong to
these two genera are commensal bacteria of oral microbiome [32-34]. MALDI-TOF mass
spectrometry made it possible to identify the pathogens in biofilm [35].

At the initial visit, Porphyromonas gingivalis and Fusobacterium nucleatum were a
high risk for the incidence of postoperative pneumonia. These species were periodon-
tal pathogens. Effect of the Porphyromonas gingivalis on the pneumonia has been intensively
studied. Human respiratory epithelial cell lines induced proinflammatory cytokines [36].
Gingipains, which is known as proteolytic enzymes produced by Porphyromonas gingi-
valis manipulate innate immune responses and induce TNEF, IL-6, IL-17 and C-reactive
protein [37]. Outer membrane vesicles produced by induced cell death in lung epithelial
cells [38]. However, when comparing infectious pneumonia and noninfectious pulmonary
disease, the proportion of periodontopathic bacterial DNA did not differ between the two
groups [39]. Periodontal pathogens may play an indicator for the prediction of postop-
erative pneumonia. Further study is necessary to detect periodontal pathogens directly
from the inflated respiratory tissue. As the O’Leary plaque control records at both initial
visit and after preoperative oral care management, remaining dental plaque may contain
increased pathogens. For cases included in our study we did not take into consideration
the possible associated pathology of respiratory allergies and asthma that can modify the
commensal flora at the level of the aerodigestive tract and increase the risk of postoperative
pneumonia [40]. In addition, we could set up the medical history completely. Diabetes is a
risk for postoperative pneumonia [41]. It is one of the limitations of this study.

A previous report had shown that Fusobacterium nucleatum, which is periodontal com-
mensal and pathogen, can occasionally cause remote infections [42]. Human bronchial and
pharyngeal epithelial cells induce proinflammatory cytokine production by exposure to an
increased number of Fusobacterium nucleatum [43]. Colonization of oropharynx or lower
respiratory tract led to the risk of ventilator-associated pneumonia [44]. In addition, it was
significantly increased in COVID-19 patients [45]. Therefore, increased Fusobacterium nu-
cleatum in oral microbiome may be the pathogen responsible for postoperative pneumonia
at both initial visit and after preoperative oral care management.

After oral care management, Atopobium parvulum and Enterococcus faecalis were a high
risk for the incidence of postoperative pneumonia. These pathogens were enterobacteria.
Atopobium parvulum and Fusobacterium nucleatum are suggested to be associated with
the tumorigenesis and stage of colorectal cancers. A transition to a lung microbiome
enriched with gut flora is found in patients with acute respiratory distress syndrome with
an increased inflammatory response [26,46].

Continuous elevated Fusobacterium nucleatum in human gut microbiome is associated
with the stage from intramucosal carcinoma to more advanced. To control these species,
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antimicrobials or probiotics should be applied [47,48]. At the stage of multiple polypoid
adenomas and/or intramucosal carcinomas, increased co-occurred Atopobium parvulum
and Actinomyces odontolyticus were observed [49]. In addition, Atopobium parvulum was
commonly detected from oral cavities of older adults [24]. Even though the patients
who participated in this study did not have colorectal cancers, the patients had cancers
associated with the digestive system. Increased enterobacteria can be a high risk for the
incidence of postoperative pneumonia.

The high similarity between the microbiomes of dental plaque, non-directed bronchial
lavages and endotracheal tube biofilms in mechanically ventilated patients [50]. In this
study, we could not determine the causative agents of pneumonia. Sampling from bronchial
lavage or aspirates is necessary to determine the causative agents. However, pathogenic
bacteria in oral microbiome can be a risk for postoperative pneumonia after cancer surgery.

5. Conclusions

Poor oral hygiene increased the risk of incidence of postoperative pneumonia. In-
creased periodontal pathogens can be a high risk for the incidence of postoperative pneu-
monia. In addition, increased intestinal bacteria after oral care management can also be a
high risk for the incidence of postoperative pneumonia.

Supplementary Materials: The following supporting information can be downloaded at: https:
/ /www.mdpi.com/article/10.3390 /app12062920/s1, Figure S1: Heatmap of the oral microbiome
from 30 samples obtained by 10 patients; Figure S2: Rarefaction curve; Figure S3: Taxa prevalence;
Figure S4: Canonical correspondence analysis (CCA); Figure S5: Network plot; Figure S6: Correlation
heatmap of the pathogen for pneumonia; Table S1: Summary of the clinical data of the patients who
participated in this study; Table S2: Indexes of adiversity. File S1: All the data analyzed in this study.
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