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Red complex periodontal pathogens are
risk factors for liver cirrhosis
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Abstract. Periodontal disease has been associated with
liver disease; however, the identities of the periodontal
disease-causing bacteria in patients with viral liver disease
remain unknown. The aim of the present study was to deter-
mine the counts of the 3 periodontal pathogens that form the
red complex in chronic periodontitis (Porphyromonas gingi-
valis, Tannerella forsythia and Treponema denticola) and
3 other bacteria (Aggregatibacter actinomycetemcomitans,
Prevotella intermedia and Fusobacterium necrophorum) in
patients with liver disease. A total of 47 patients with liver
disease were divided into two groups based on the counts of
the red complex bacteria: group A (high counts of red complex
bacteria) and group B (low counts of red complex bacteria).
The counts of the 6 types of bacteria in saliva and the preva-
lence of P. gingivalis-specific fimA genotype were determined.
In addition, salivary occult blood tests and serological assays
were performed. Univariate and multivariate logistic regres-
sion analyses were used to analyze the risk factors between the
two groups of patients. Hepatitis C virus-related liver disease
was the most frequent (41/47; 87.2%) occurrence followed by
liver cirrhosis (LC; 12/47; 25.5%) and oral lichen planus (32/47,
68.1%). The significant risk factors between the two groups
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were LC, albumin (Alb) level, ratios of each bacteria and
prevalence of the fimA II genotype. The 3 factors identified in
the multivariate analysis to be associated with the red complex
bacteria count were low Alb level (<3.7 g/dl), LC and fimA 11
genotype, with adjusted odds ratios of 6.93, 4.72 and 4.08,
respectively (P<0.05). These data indicated that patients with
LC were at increased risk of presenting with the red complex
bacteria leading to periodontal disease progression. Therefore,
these patients may need to take additional care of their oral
health compared with patients without LC, which may prove
beneficial for the maintenance of their general health.

Introduction

According to the World Health Organization, in 2015
the estimated number of people infected with hepatitis B
virus (HBV) and the number of mortalities reported due
to hepatitis B-related complications such as cirrhosis and
hepatocellular carcinoma (HCC) were 257 and 88.7 million,
respectively (1). In addition, it is estimated that 71 million
people are persistently infected with hepatitis C virus (HCV),
and the number of deaths due to hepatitis C, mostly from liver
cirrhosis (LC) and HCC, is 399,000 annually (2).

In Japan, the annual number of deaths from HCC is
~30,000, 80% of which are caused by HBV and HCV (3). The
HCV-infected patients in Japan are generally older compared
with those in other countries, and a high percentage of them
present with complications such as LC and/or HCC (4,5).

However, in recent years, the incidence of HCC caused
by viral hepatitis has decreased, whereas that of hepatitis
virus-negative HCC, or so-called non-B, non-C HCC,
has increased (6,7). In a nationwide multicenter study by
Tateishi et al (7), the proportion of non-B, non-C HCC had
increased from 10.0% in 1991 to 32.5% in 2010. This has
been attributed to the increase in alcohol consumption and the
incidence of lifestyle-associated diseases, especially diabetes
mellitus (DM) and non-alcoholic steatohepatitis (NASH). The
number of patients with non-B, non-C HCC is expected to
increase in the future.

Patients with HCV-associated liver diseases are known to
have poor periodontal health with a higher incidence of oral
lichen planus (OLP) and oral cancer compared with healthy
people (8-10). Periodontitis is a pathological inflammatory
disease of the gums and supporting bone tissues, which leads
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to tissue destruction and alveolar bone loss in response to
bacterial dental plaque (11). In particular, the so-called ‘red
complex’ bacteria comprising Porphyromonas gingivalis,
Tannerella forsythia and Treponema denticola, is directly
associated with the severity of periodontal diseases (12).
P. gingivalis is a gram-negative oral anaerobe known to have
a number of virulence factors, such as cysteine proteinases
(gingipain), lipopolysaccharide, capsule, and fimbriae (13).
T. forsythia, formerly Bacteroides forsythus, is thought to
exacerbate periodontal disease via symbiosis with the highly
pathogenic P. gingivalis and T. denticola.

Periodontal disease affects up to 50% of the adult popula-
tion worldwide and severe periodontitis has been reported as
the 6th most prevalent disease worldwide (14). Furthermore, it
has been demonstrated to be associated with several systemic
diseases (15,16). Recently, studies indicating the frequent pres-
ence of P. gingivalis in patients with non-alcoholic fatty liver
disease (NAFLD)/NASH have suggested a close association
between periodontitis and NAFLD/NASH (17,18).

We previously reported that the periodontal inflammatory
response may be associated with liver fibrosis and obesity in
patients with HCV and HBV with liver disease (19). However,
studies examining the association between red complex and
liver fibrosis are lacking. Therefore, in the present study, the
proportion of patients with red complex in addition to liver
disease was examined.

Materials and methods

Patients. A total of 47 patients with oral mucous membrane
and liver disease who visited or were screened at the Saga
University and Kurume University between January 2013 and
February 2018 were included in this study. Informed consent
was obtained from the patients, including all those who had
been treated for liver disease by hepatologists, and each patient
was examined by an oral surgeon. Patients on antiviral therapy
[such as interferon (IFN), direct-acting antiviral therapy or
nucleic acid analog for viral hepatitis infection] and antibiotic
treatment were excluded from the study.

Examination of oral mucosal disease. Information regarding
the daily frequency of tooth brushing, smoking habits and
alcohol consumption were collected from the patients.
Mucosal examinations were performed using a headlight
(Welch Allyn, Ltd.) and biopsies were conducted on patients
with OLP, leukoplakia and oral cancer.

Screening by salivary occult blood test. An occult blood test
involves the assessment of the presence of blood, derived
primarily from gingival tissues and released into the saliva.
The presence of periodontal disease was considered as an
indicator of periodontitis and ascertained using the Salivaster®
reagent-based test (Showa Yakuhin Kako Co., Ltd.) (20). The
Salivaster® is a colorimetric test based on a catalytic reac-
tion of hemoglobin in saliva, which induces the formation of
different colors ranging from yellow to dark blue. The occult
blood reaction is classified as follows: Double-positive (++);
positive (+) and negative (-). This method was demonstrated to
have a sensitivity of 75.9% and a specificity of 90.5% for the
detection of gingival inflammation (21).
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Saliva sample collection. Whole saliva (1 ml) was collected
from the patients following chewing a non-flavored gum
for 5 min. All samples were immediately sent to the Health
Examination Laboratory (BML, Inc.) for bacterial testing (22).

Identification of periodontitis bacteria and detection of P. gingi-
valis fimA genotypes. The total number of bacteria in saliva and
the counts of 6 types of periodontal pathogens (Aggregatibacter
actinomycetemcomitans; Prevotella intermedia; P. gingivalis;
T. forsythensis; T. denticol;, Fusobacterium necrophorum)
were quantified using the modified polymerase chain reac-
tion (PCR)-Invader assay as previously described (23). Based
on the ratio of each periodontal pathogen to the total bacte-
rial count, the following criteria were used to assess the risk:
i) A. actinomycetemcomitans; no risk (<0.005%), moderate risk
(0.006-0.009%) and high risk (>0.01%); ii) P. intermedia; no
risk (<0.09%), moderate risk (0.1-0.49%) and high risk (>0.5%);
iii) P. gingivalis; no risk (<0.09%), moderate risk (0.1-0.49%) and
high risk (>0.5%); iv) T. forsythensis; no risk (<0.09%), moderate
risk (0.1-0.49%) and high risk (>0.5%); v) T. denticol; no risk
(<0.09%), moderate risk (0.1-0.49%) and high risk (>0.5%); and
vi) F. necrophorum; no risk (<5%) and high risk (>5%).

The patients were divided into two groups based on the
proportion of the red complex bacteria as follows: Group A
(high bacterial counts) and group B (low bacterial counts).
Group A comprised of patients who presented with increased
proportions of at least one of the 3 types of red complex
bacteria, according to the aforementioned risk criteria, whereas
those who demonstrated no risks for all 3 bacterial types were
categorized into group B. P. gingivalis-specific fimA genotypes
ranging from types I-V was detected in all the patients.

Measurement of obesity. Obesity was defined as a body mass
index (BMI) 225 kg/m?.

Serological assays. All subjects were assessed for red blood
cell, white blood cell (WBC), and platelet (Plt) counts,
hemoglobin (Hb), fasting blood glucose (FBS), and HbAlc
levels; additionally, the following liver function tests were
realized: Serum alanine aminotransferase (ALT); aspartate
aminotransferase (AST); lactate dehydrogenase (LDH);
alkaline phosphatase (ALP); prothrombin time (PT); total bili-
rubin (T. Bil); total cholesterol (T. cho); total protein (T. pro);
and albumin (Alb). All the biochemical parameters were
measured by standard clinical methods using venous blood
samples taken the morning after 12 h overnight fast.

Evaluation of liver diseases. Anti-HCV was measured using
a chemiluminescent enzyme immunoassay kit (Lumipulse 1T
HCYV; Fujirebio). HCV RNA in the serum was analyzed
by using the standardized automated quantitative PCR
(COBAS AMPLICOR HCV MONITOR v2.0 Test; COBAS®
AmpliPrep/COBAS® Tag-Man® HCV Test; Roche Molecular
Diagnostics) as reported previously (24,25). Similarly, HCV
genotype was determined by PCR as reported previously (26).

Ultrasonographic examinations were performed on all
patients in order to investigate the shape of the liver and to
identify the lesions in the organ. Computed tomography were
performed on all patients. Liver biopsies were performed on
patients without bleeding tendencies (i.e., those who did not
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Table I. Oral mucosal disease among the patient cohort in the
present study (n=47).

Characteristics N

17/30
70.2+8.8

Sex (male/female)

Age, years

Diagnosis of oral diseases
OLP
OLP, oral cancer (SCC)
OLP, post op of laryngeal cancer (SCC)*
Leukoplakia, post op of tongue cancer (SCC)
Sjogren's syndrome
Sjogren's syndrome, traumatic ulcer of tongue
Burning mouth syndrome
Cheilitis
No abnormality in screening for oral cancer

|98
=)

O = = e = DD =

Data are presented as n or the mean + SD. “History of laryngeal
cancer treated operatively 8 years previously. OLP, oral lichen planus;
SCC, squamous cell carcinoma; SD, standard deviation.

present with low platelet counts). Other potential predictors of
the progression of LC, including serum Alb, T. Bil, PT and
Plt were also used. The fibrosis-4 (FIB-4) index, a biomarker
that has been demonstrated to be effective in assessing liver
fibrosis and LC, was calculated using the following formula:
Age (years) x AST (U/D)/[Plt (10°1) x ALT (U/1)'?] (27). An
FIB-4 index =2.67 indicated the presence of liver fibrosis (28).

Evaluation of extrahepatic diseases. The diagnosis of type 11
DM was based on the criteria adopted by the American
Diabetes Association in 2011 (29). Hypertension was defined
as a systolic blood pressure of =140 mmHg or diastolic blood
pressure of 290 mmHg.

Statistical analysis. All data are expressed as n or mean =+ stan-
dard deviation. Differences between the two groups were
analyzed using the Mann-Whitney U, Wilcoxon's and Fisher's
exact tests, as appropriate. Adjusted odds ratios were calcu-
lated using logistic regression analysis. All statistical analyses
were conducted using JMP v.13 (SAS Institute, Inc.). P<0.05
was considered to indicate a statistically significant difference.

Results

Characteristic of the patients. Patient characteristics are
summarized in Tables I and II. The 47 patients (17 males and
30 females) ranged in age from 49-89 years, with an average
age of 70.2+8.8 years. The most common oral mucosal disease
was OLP (32/47; 68.1%), while the other oral diseases observed
were head and neck squamous cell carcinoma (4/47; 8.5%) and
Sjogren's syndrome (2/47; 4.3%).

The rates of anti-HCV antibody and HBsAg positivity were
87.2% (41/47) and 2.1% (1/47), respectively. The most common
liver disease observed was chronic hepatitis C (CH-C; 16/47,
34.0%; Table II). In addition, 12 patients [LC and post-HCC
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(n=8); LC (n=3); and primary biliary cholangitis (PBC) (n=1)]
were diagnosed with cirrhosis. Biopsies were not obtained
from 3 out of 12 patients with LC, due to low platelet counts.

Univariate analysis of factors associated with the two red
complex groups (high vs. low). A total of 15 patients in group A
exhibited high numbers of red complex bacteria, while 32 patients
in group B had low numbers of the bacteria. Univariate analyses
demonstrated significant associations between groups A
and B (Table II). The significant factors associated with red
complex bacteria count were the presence of LC (P=0.0229) and
Alb levels (P=0.0399). No significant differences in the levels
of AST, ALT, T. cho, FBS, HbAlc, WBC, Hb, Plt, AFP and
FIB-4 index were observed between the two groups. Similarly,
no differences in the presence of extrahepatic manifestations,
such as OLP, DM, hypertension, heart disease, thyroid disease
and past history of extrahepatic cancer, BMI, smoking habits,
alcohol intake, daily frequency of tooth brushing, and salivary
occult blood test results were identified.

Identification and characteristics of periodontitis bacteria.
Table III demonstrates the total number of bacteria in the
saliva, the counts of the 6 types of periodontal bacteria, the
ratios of each bacteria and the prevalence of the fimA II geno-
type of P. gingivalis. The presence of the fimA genotype II was
a significant factor associated with red complex bacteria count
(P=0.0310).

Multivariate analysis of factors associated with high counts of
red complex bacteria. All variables in the univariate analyses
were included in the multivariate analysis (Table IV). Three
factors were associated with a high number of red complex
bacteria: Alb level <3.7 g/dl; presence of LC; and P. gingivalis
fimA genotype II. The adjusted odds ratios for these factors
were 6.93, 4.72 and 4.08, respectively, and each was statisti-
cally significant.

Discussion

Periodontal disease is closely associated with general health:
The chronic inflammatory burden of periodontal infec-
tion and the host response is associated with cardiovascular
disease (30,31), type II DM and insulin resistance (32),
gastrointestinal and colorectal cancer (33), low term birth
weight in newborn babies (34), chronic obstructive pulmonary
disease (35) and Alzheimer's disease (36).

Patients with viral liver disease have poorer periodontal
health compared with healthy people (8). In particular, it
has been demonstrated that patients with LC tend to exhibit
significant amounts of clinical attachment loss (37) and poor
periodontal status (38,39) when compared with healthy people.
The results of a systematic review by Grgnkjer (40) indicated
that an increased number of patients with LC exhibited poor
oral health; in addition, periodontal disease was reported in
25-69% and apical periodontitis was diagnosed in 49-79% of
the patients with LC (40).

Red complex bacteria, composed of P. gingivalis, T. forsythia
and T. denticola, serve a major role in the pathogenesis of peri-
odontal disease (12). These bacteria are found in high numbers in
periodontal lesions and deep pockets in adults (41). Recently, the
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Table II. Univariate analysis of factors associated with red complex bacteria.

High counts of red complex Low counts of red
Factors Total bacteria (group A) complex bacteria (group B)  P-value
No. subjects 47 15 32
Sex (male/female) 17/30 6/9 11/21 NS
Age, years 70.2+8.8 72.949.7 69.0+8.2 NS
Smoking history (yes) 16 (34.0) 6 (40.0) 10 (31.3) NS
Alcohol intake (yes) 19 (40.4) 7 (46.7) 12 (37.5) NS
Diagnosis of liver diseases
CH-C 16 4 12 NS
CH-C SVR 8 1 7 NS
CH-C, post HCC 4 2 2 NS
CH-C SVR, post HCC 1 0 1 NS
CH-C, fatty liver 1 0 1 NS
LC, post HCC 8 4 4 NS
LC 3 2 1 NS
Fatty liver 3 1 2 NS
PBC following liver transplantation 1 1 0 NS
Asymptomatic HBV carrier 1 0 1 NS
Polycystic liver disease 1 0 1 NS
Liver cirrhosis 12 (25.5) 7 (46.7) 5(15.6) 0.0229
OLP 32 (68.1) 10 (66.7) 22 (68.8) NS
Diabetes mellitus 13 (27.7) 6 (40.0) 7(21.9) NS
Hypertension 19 (40.4) 6 (40.0) 13 (40.6) NS
Heart disease 5(10.6) 1(6.7) 4 (12.5) NS
Thyroid disease 6(12.8) 1(6.7) 5(15.6) NS
Past history of extrahepatic cancer (%) 11 (23.4) 4(26.7) 7(21.9) NS
BMI, kg/m? 23.2+3.2 24.0+3.1 22.8+3.2 NS
Obesity (BMI =25) 14 (29.8) 5(@333) 9(28.1) NS
AST, U/l 39.7+£23.1 49.0+279 35.3+19.6 NS
ALT, U/ 35.6£27.9 45.3+36.6 31.1£22.1 NS
LDH, U/l 205.6+51.1 221.1£574 198.6+47.3 NS
ALP, U/l 306.1+193.9 330.3£149.3 294.4+213.4 NS
T.pro, g/dl 7.28+0.51 7.31+£0.65 7.26+0.45 NS
Alb, g/dl 3.95+0.48 3.74+0.46 4.05+0.46 0.0399
T. Bil, mg/dl 0.82+0.31 0.89+0.35 0.79+0.28 NS
Fasting glucose, mg/dl 114.4+47.2 110.4+£31.1 116.5£53.9 NS
HbAlc, % 59+10 59+10 6.0+£1.0 NS
T. cho, mg/dl 168.6+33.4 178.5+37.6 163.6+£30.6 NS
RBC, 10%/ul 422.3+46.2 424.9+37.0 421.1+50.7 NS
Hb, g/dl 13.1£1.6 13.5+1.3 13.0+£1.8 NS
WBC, 10%/ul 440140 453+16.0 43.4+132 NS
Plt, 10*/ul 13.9+£5.6 12.6+£5.2 14.5+£5.8 NS
AFP, ng/ml 23.9+68.9 28.2+66.7 22.0+71.0 NS
FIB-4 index 4.397+3.03 5.23+2.89 4.00+3.07 NS
Daily frequency of tooth brushing 7(14.9) 2(13.3) 5(15.6) NS
(=1 per day)
Positive salivary occult blood test 38 (80.9) 13 (86.7) 25(78.1) NS

Data are presented as n (%) or the mean + SD. CH-C, chronic hepatitis C; SVR, sustained virological response; LC, liver cirrhosis; HCC, hepa-
tocellular carcinoma; HBV, hepatitis B virus; PBC, Primary biliary cholangitis; OLP, oral lichen planus; BMI, body mass index; AST, aspartate
aminotransferase; ALT, serum alanine aminotransferase; LDH, lactate dehydrogenase; ALP, alkaline phosphatase; T. pro, total protein;
Alb, albumin; T. Bil, total bilirubin; T. cho, total cholesterol; RBC, red blood cell; Hb, hemoglobin; WBC, white blood cell; PlIt, platelet;
AFP, alpha-fetoprotein; NS, not significant; SD, standard deviation.
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Table I'V. Multivariate analysis of factors associated with high
counts of red complex bacteria.

Odds 95% confidence
Factor ratio interval P-value
Albumin <3.7 g/dl 6.93 1.74-31.30 0.0059
Presence of liver cirrhosis  4.72 1.20-20.27 0.0263
Porphyromonas gingivalis 4.08 1.12-15.96 0.0336

JfimA genotype II

association between P. gingivalis and digestive system cancer,
including oral squamous cell carcinoma, esophageal squamous
carcinoma and pancreatic cancer, has been demonstrated in
several clinical and experimental studies (42-44).

A cross-sectional study analyzing the association between
oral bacteria and BMI in a healthy Japanese population demon-
strated that BMI and waist circumference were independently
associated with the number of red complexes (45). However,
in the present study, the BMI was not significantly associated
with red complex counts in both univariate and multivariate
analyses. This discrepancy in results may be due to differences
in the backgrounds of the subjects between the two studies.
The subjects in the present study comprised elderly people
with liver disease (average age, 70.2 years), and the associa-
tion was analyzed by dividing the number of subjects in each
group by the quantity of the red complex bacteria. Conversely,
Matsushita et al (45) used the multivariate analysis of cova-
riance to calculate the effect size of BMI for the number of
components of red complex (0-3) in the healthy population
(average age, 52.0 years).

In another large-scale cross-sectional study involving
997 Japanese adults, the detection rates of P. gingivalis,
T. denticola, and T. forsythia were demonstrated to be 46.3,
76.4 and 61.1%, respectively (46). P. gingivalis fimA fimbriae
are classified into 6 genotypes (types I-V and Ib), based on the
diversity of the fimA genes encoding the fimbrial subunits (47);
they promote the adhesion of the bacteria to the gingival sites
and their invasion into the tissues. It has been suggested that
bacterial clones with types II/IV/Ib fimA are invasive, whereas
those with types I/III/V fimA are non-invasive (48).

To the best of our knowledge, the detection rate of the red
complex in patients with liver disease has not been evaluated
so far. In the present study, the presence of LC, hypoalbumin-
emia and P. gingivalis fimA 11 type were associated with high
detection rates of the red complex bacteria. Hypoalbuminemia
is a feature of chronic and advanced LC; therefore, it is highly
likely that liver fibrosis is associated with the severity of
periodontal disease. No association between the number of
red complexes and HCC was observed in the present study.
Although the prevalence of diabetes and extrahepatic cancer
was increased in group A when compared with group B, no
statistically significant difference was noted. In addition, no
statistically significant differences in the levels of AST, ALT,
T. cho, FBS, HbAlc, WBC, Hb, Plt, AFP and FIB-4 index,
BMI, smoking habits, alcohol intake, daily frequency of tooth
brushing, and salivary occult blood test results were observed
between the two groups.

NAGAO and TANIGAWA: LIVER DISEASE AND PERIODONTITIS

Certain limitations of the present study include the small
sample size and the fact that the presence of periodontitis was
not evaluated by determining the probing depth and bleeding
on probing. Additional studies using increased numbers of
patients are required.

We have previously reported the association between peri-
odontitis and the progression of liver disease in patients infected
with HCV and/or HBV (19); the 5 factors associated with
periodontal disease in the study were: Decreased platelet count;
tooth brushing only once a day; current IFN treatment; =65 years
of age; and obesity. Furthermore, the prevalence of P. gingivalis
JfimA genotype II was increased in patients with cirrhosis (50%)
when compared with those with non-cirrhotic CH-C (21.4%).

Patients with LC have increased risk of developing bacte-
rial infection and sepsis leading to sepsis-induced organ failure
and mortality (49). Spontaneous bacterial peritonitis (SBP)
is an infection characterized by the presence of LC. SBP
pathogenesis in patients with cirrhosis is considered to be
the primary consequence of bacterial translocation due to
decreased intestinal peristalsis, overgrowth of enterobacteria,
impaired intestinal barrier, decreased bile acid and diminished
IgA levels (50). Ashare et al (51) demonstrated that 94% of the
cirrhotic subjects in the study population developed bacteremia
following tooth brushing; whereas the control subjects were
able to overcome this condition, the subjects with cirrhosis had
prolonged periods of bacteremia, indicating that patients with
cirrhosis may be more susceptible to sepsis.

Oral bacteria can survive in the bloodstream and may adhere
to non-oral organs and tissues, including the heart valves,
carotid atheromatous plaque, brain, spleen, pancreas, liver and
bone (52,53). There have been a series of studies suggesting an
association between oral and intestinal flora (54,55). In 2014,
it was demonstrated that a large proportion (54%) of bacteria
derived from the oral cavity were frequently detected amongst
the intestinal flora in patients with LC, and the ratio was corre-
lated with the severity of the disease, suggesting an invasion of
the gut from the mouth in LC (54).

The problems with oral hygiene that patients with viral liver
disease suffer include decreased salivary flow, elicitation of peri-
odontal disease by insulin resistance, prolonged bleeding, poor
hygiene due to pain from OLP, and medical discrimination and
prejudice (9,19,56,57), which may hinder radical dental treatment
in patients with liver disease. In Japan, the most common place
where 1,705 individuals with hepatitis felt discrimination or prej-
udice was the dental clinic (39.3%) followed by the hospital and
other clinics (26.3%), nursing homes (8.7%), community (7.5%)
and beauty salons (7.3%) (58). However, information disclosure
and education about hepatitis to the dental personnel are not
sufficient. It is necessary for dentists to raise awareness about
oral diseases in patients with HCV/HBYV infection.

In conclusion, the red complex bacteria involved in the
pathogenesis of periodontal disease was associated with LC
in the present study. These data indicated that maintenance
of oral hygiene is important in patients with LC in order to
prevent the occurrence of periodontal disease, thereby leading
to improved general health.
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