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OBJECTIVES: The aim of this cross-sectional study was
to evaluate the periodontal status and oral microbiolo-
gical patterns of a population with end-stage renal disease
(ESRD), undergoing haemodialysis (HD).

DESIGN: This was a cross-sectional study, involving 52
patients from the Nephrology Department and 52 mat-
ched control subjects.

MATERIALS AND METHODS: The subjects had a peri-
odontal clinical examination; subgingival plaque samples
were taken and analysed using a semiquantitative
polymerase chain reaction (PCR) test to detect Porphy-
romas gingivalis, Tannerella forsythia, Prevotella intermedia,
Prevotella nigrescens and Actinobacillus actinomycetem-
comitans. Subgingival plaque and saliva samples were
studied for Candida and Enterobacteriaceae.

MAIN OUTCOME MEASURES: Most of the 104 subjects
had some degree of loss of periodontal attachment (LPA)
23 mm [I1 (10.5%) had severe LPA; 16 (15.4%) moderate
LPA; and 64 (61.5%) mild LPA]. Only 13 subjects (12.5%)
presented good periodontal health.

RESULTS: No statistically significant differences were
found between the HD patients and the control group
regarding bleeding index, number of teeth, or percentage
of LPA >3 mm. However, a statistically significant dif-
ference was seen in the degree of oral hygiene.
CONCLUSIONS: On the basis of the findings presented
here, we cannot associate ESRD with more severe peri-
odontal destruction. Although HD patients presented a
higher number of periodontopathic microorganisms than
the matched controls, a prolonged duration of HD did
not bear a statistically significant relationship with the
percentage of sites with LPA >3 mm, specific microbiota
or composition of biofilm.

Correspondence: Dr Francisco Mesa, Facultad de Odontologia,
Campus de Cartuja s/n, Universidad de Granada, E-18071 Granada,
Spain. Tel: +34-958240654, Fax: + 34-958240908,

E-mail: fmesa@ugr.es

Received 14 October 2005; revised 16 February 2006; accepted 28
February 2006

Oral Diseases (2007) 13, 198-205

Keywords: periodontal disease; microbiology; PCR; chronic
renal failure; haemodialysis; ESRD

Introduction

Chronic renal failure (CRF) is a progressive and
irreversible loss of functioning nephrons, resulting in a
decline in the glomerular filtration rate. The mechanisms
of progression to end-stage renal disease (ESRD) may
involve glomerular hyperfiltration, high blood pressure
with cytokine induction (mainly angiotensin II and
transforming growth factor-f), sustained proteinuria or
renal ischaemia. ESRD requires renal treatment with
haemodialysis (HD), peritoneal dialysis, or transplant.
The incidence of ESRD in Spain has stabilized over
recent years at 885 cases per 1 million inhabitants. Half
the mortalities among these patients is due to cardio-
vascular diseases, and a quarter is due to infectious
diseases (Lopez et al, 2001; Amenabar et al, 2002).
There is limited information in the scientific literature
on the oral health status of patients receiving HD, and
most studies report a high prevalence of dental and
periodontal diseases (Klassen and Krasko, 2002;
Al-Wahadni and Al-Omari, 2003; Marakoglu et al,
2003). Naugle et al (1998) reported that 100% of
patients on dialysis presented some form of periodontal
disease, most often severe gingivitis or mild periodontitis
with a high index score of oral hygiene. These authors
recommended comprehensive professional oral care and
self-care instruction for the HD population, regardless
of the length of treatment. Moreover, as plaque-related
diseases can prove to be a source of active infection in
these medically compromised individuals, Klassen and
Krasko (2002) recommended active oral treatment.
Different alterations in the periodontal tissues have
been documented in HD-treated patients. A relatively



pale tone is usually present because of the drop in
haemoglobin levels (anaemia resulting from a deficit in
erythropoietin) and the inflammatory response to bac-
terial plaque is consequently diminished or inadequate
(Jaffe et al, 1986). The usual increase in parathyroid
activity — secondary to altered serum calcium and
phosphate levels — gives rise to craniofacial bone
alterations attributable to secondary hyperparathyroi-
dism (HPT) (Baylink ez al, 1974; Kelly et al, 1980). One
of the oral implications of HPT is the loss of the lamina
dura (Bramley and Dwyer, 1970; Kennett and Pollick,
1971). Dental calculus may form at a greater speed
because of an imbalance in the calcium phosphate in
serum, favouring even ectopic calcifications. Other oral
symptoms described in these patients are an enlargement
of the tongue and a metallic taste before each dialysis
session, related to anaemia and uraemia (Westbrook,
1978). Nonetheless, there are not sufficient data to
establish a positive association between dental, perio-
dontal or mucous membrane disease and ESRD requi-
ring HD (Gavalda et al, 1999; Marakoglu et al, 2003).
Some populations of CRF patients undergoing HD
show no difference in the gingival index, plaque index or
probing depths when compared with the general
population (Marakoglu et al, 2003), and a very small
portion of the population undergoing renal dialysis is
affected by severe forms of periodontitis, although all
such patients should be given oral hygiene education as
a priority (Duran and Erdemir, 2004).

The aim of this cross-sectional study on a population
with ESRD was to determine whether ESRD or the HD
treatment is associated with periodontal disease or
with specific or more complex subgingival or salivary
microbiota when compared with a matched control
group.

Materials and methods

A cross-sectional study was carried out on a population
of patients suffering from ESRD who required HD at
the Dialysis Unit of the Nephrology Department of the
University Hospital ‘San Cecilio’, in Granada, Spain.
The study was conducted according to the Declaration
of Helsinki and approved by the Ethics Committee of
the hospital. Subjects, not fulfilling the exclusion
criteria, were included in this investigation after agreeing
to participate and signing the appropriate consent
forms.

We established a control group by enrolling trauma
patients (mainly from mild traffic or work accidents)
admitted to the Traumatology Department of our hos-
pital (excluding outpatient visits) during the same period.
The sampling procedure involved matching each HD
patient with a control (age + 3 years and sex matched).

The exclusion criteria were: having no teeth; having
undergone periodontal treatment in the previous year or
having received antibiotic treatment during the 72 h
previous to the oral exploration; being seropositive for
the human immunodeficiency virus (HIV), hepatitis C
virus (HCV) or hepatitis B virus (HBV); or patients with
maxillofacial trauma. Of the 110 HD patients with
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ESRD from the Dialysis Unit screened, 18 were edent-
ulous, 22 were seropositive for HIV, HCV or HBV,
eight were under antibiotic treatment and 10 chose not
to participate in the study. The final sample consisted of
52 HD patients and 52 controls.

After gathering information regarding the number of
months of receiving HD, the biochemical parameters
(only HD group), age, sex and a periodontal examina-
tion, the subgingival plaque and saliva samples for
microbiological analysis were collected from all the
selected subjects.

Periodontal examination

Oral examination was carried out by a single calibra-
ted dentist (OG). The calibration was carried out
about 4 weeks before the start of the study in the
Department of Periodontology of the Dental School.
The diagnosis was compared with that of another
author (FM) in 13 adult periodontal patients, obtain-
ing intraclass correlation coefficients (for gingival
retraction and pocket depth) of above 0.71, considered
substantial on the scale of Landis and Koch (1977).
Using the Michigan ‘0’ periodontal probe (Hu-Friedy,
Leimen, Germany) and a number 5 non-magnifying
oral mirror (SE Plus, MFG Precision Dental Int.,
Inc., Canoga Park, CA, USA), the loss of periodontal
attachment (LPA) was measured by adding the pocket
depths and gingival recessions (in mm), evaluating six
sites per tooth (mesiobuccal, buccal, distobuccal,
mesiolingual, lingual and distolingual) for all the teeth
present in the oral cavity. The degree of periodontitis
was defined, after Arbes et al (1999) as the percentage
of sites with a loss of attachment >3 mm, as follows:
0% = absent, 0-32% = mild, 33-66% = moderate
and 67-100% = severe. We evaluated the periodontitis
extension according to the methodology of these
authors, and use the American Academy of Perio-
dontology terminology throughout this paper.

We used the gingival bleeding index of Ainamo and
Bay (1975) and the plaque index of Silness and Loe
(1964) to assess the degree of gingival inflammation and
oral hygiene, respectively.

Biochemical study

At the time of the oral examination, the clinical history
was reviewed and the following serum biochemical
parameters were selected for all HD patients: calcium,
alkaline phosphatase (AP), glucose, albumin and para-
thyroid hormone (PTH).

Microbiological study

Different samples were processed for microbiological
analysis. For polymerase chain reaction (PCR), subgin-
gival plaque samples were taken from the deepest
probing depth of each quadrant. Once the supragingival
plaque had been removed with a cotton swab, a sterile
paper point was introduced into the bottom of the
pocket and left in place for 30 s (Maillefer Instruments,
Ballaigues, Switzerland). Four samples from each sub-
ject were placed together in an Eppendorf tube contain-
ing 200 ul of distilled water (Sakamoto et al, 2001;
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Takeuchi et al, 2001). Samples were taken immediately
to the laboratory for processing.

PCR analysis

After agitating the vial containing the sample in a vortex
for 10 s, the DNA was extracted following the manu-
facturer’s instructions of the Wizard Genomic DNA
Purification Kit (Promega, Madison, WI, USA). The
DNA extracts were cryopreserved at —20°C until their
use. Table 1 lists the PCR primers used in the study that
have been described previously: Porphyromonas gingi-
valis, Tannerella forsythia, Prevotella intermedia and
Prevotella nigrescens (Ashimoto et al, 1996), as well as
Actinobacillus  actinomycetemcomitans (Garcia et al,
1998).

All primers were synthesized on Tib Molbiol (Berlin,
Germany). We used the following reference strains as
controls: P. gingivalis ATCC 33277, T. forsythia JCM
10827, P. intermedia ATCC 25611, P. nigrescens ATCC
33563 and A. actinomycetemcomitans CCUG 1210.

The PCR mixtures for amplification were prepared
following the steps proposed by the manufacturers of
the primers, using Master Mix 2x (M7502, Promega)
as the base and adjusting the final concentrations of
each of the components. In all cases, 5 ul of the
sample was added to 45 ul of the PCR Master
Mix. The PCR temperature profile of P. intermedia,
P. nigrescens and A. actinomycetemcomitans included
an initial denaturation step at 95°C for 2 min,
followed by 36 cycles of a denaturation step at 94°C
for 30 s, a primer-annealing step at 55°C for 1 min
and an extension step at 72°C for 2 min, with a final
step of 72°C for 10 min. The temperature profile of
P. gingivalis and T. forsythia included an initial step at
95°C for 2 min followed by 36 cycles of 95°C for 30 s,
60°C for 1 min and 72°C for 1 min, and a final step
of 72°C for 2 min. The temperature profile of 4. ac-
tinomycetemcomitans included an initial step at 94°C

Table 1 List of PCR primers used for the investigation of periodontal
pathogens previously described by Ashimoto et a/ (1996) and Garcia
et al (1998)

Amplicon
Primer pairs (5'-3") length in bp
P. gingivalis®
AGG CAG CTT GCC ATA CTG CG 404
ACT GTT AGC AAC TAC CGA TGT
T. forsythia*
GCG TAT GTA ACC TGC CCG CA 641

TGC TTC AGT GTC AGT TAT ACC T
P. intermedia®

TTT GTT GGG GAG TAA AGC GGG 575
TCA ACA TCT CTG TAT CCT GCG T
P. nigrescens®

ATG AAA CAA AGG TTT TCC GGT AAG 804
CCC ACG TCT CTG TGG GCT GCG A
A. actinomycetemcomitansb

CGT GCC AGC AGC CGC GGT AAT ACG 253
CTT TGC ACA TCA GCG TCA

GTA CAT CCC CAA GG

3Ashimoto er al (1996) and "Garcia er al (1998).
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for 10 min followed by 30 cycles of 94°C for 1 min,
70°C for 1 min and 72°C for 1 min, and a final step
of 72°C for 10 min.

The PCR products were analysed by 3% agarose
gel electrophoresis in TBE buffer 1x, with the addition
of an ethidium bromide solution (46067 Fluka,
BioChemika, Steinheim, Switzerland), until a final
concentration of 0.5 ug mlI™' was obtained. In all
cases, a molecular weight marker was included. After
45 min of electrophoresis at 80 V, the agarose gel was
photographed with a Polaroid DS34 camera (Expo-
tech™ Houston, TX, USA) placed over an ultraviolet
light source.

For the semi-quantitative assessment of the PCR
products obtained from the plaque samples, we devel-
oped an assay based on the standard patterns obtained
from reference strains following the methodology
recommended by Ashimoto et al (1996). After cultiva-
tion of the five reference species, saline solution suspen-
sions with turbidities of 1 and 0.5 on the MacFarland
scale were prepared from the isolates, and a series of
(150 x 10° ufc) 10-fold dilutions was prepared in the
decreasing order (107" to 107®) to obtain a standardized
number of bacteria (Tran and Rudney, 1999). These
samples underwent DNA extraction, amplification with
the corresponding primers, development with ethidium
bromide, and visualization in agarose electrophoresis
gel, as described. The gels obtained were photographed
using a standard procedure to create an image pattern of
PCR product from known numbers of bacteria. The
photographs were digitalized using a scanner (Scanjet
5500c; Hewlett Packard, Palo Alto, CA, USA) on a
256-grey-level scale (black and white) and stored in
TIFF format. The nucleic acid bands were then quan-
tified by means of digital image analysis using Visilog
6.0 software (Noesis S.A., Courteboeuf, France) (Mass-
eroli et al, 1993; Arrebola et al, 2001). We quantified the
mean optic density (MOD) and the integrated mean
optic density (IMOD) of the band, using the formula:
IMOD = CMOD x area, where CMOD is the mean
optic density corrected for the background optic density
(BMOD); i.e. CMOD = MOD - BMOD.

The patterns obtained with the strains of reference
were used to establish the quantity of DNA corres-
ponding to the periodontopathogenic bacteria present in
the samples.

Study of Candida spp. and Enterobacteriaceae

The analysis of these bacteria was performed after
culturing the samples obtained from subgingival scra-
pings, introduced in Eppendorf tubes, in specific media,
with 500 ul of phosphate-buffered solution (PBS), and
from the saliva samples after rinsing with PBS. The
media used were Saboureaud gentamicine agar for
the study of Candida spp. and MacConkey agar for
the study of Enterobacteriaceac. The micro-colonies
obtained were studied quantitatively by the viable cell
count method using dilutions up to 107>. Microbial
identification was performed on the optimal dilution
using the automated Vitek 2 system (Biomerieux, Lyon,
France).



Statistical analysis

The design, coding and debugging of the database and
its statistical analysis were carried out using the SPSS-
PC/Windows version 12.0 software package (SPSS Inc.,
Chicago, IL, USA). The Kolmogorov—Smirnov test was
used to assess the normality of the variables. After the
descriptive analysis, the bivariate associations between
the studied variables were analysed with the appropriate
test for that type of variable (Student’s t-test, Mann—
Whitney U-test, chi-squared test or Pearson’s correla-
tion) to determine statistical significance. The confidence
interval was 95% (P < 0.05).

Results

A total of 52 adult HD patients were evaluated: 24 men
(46.2%) and 28 women (53.8%). The mean age of this
sample was 61.5 years (s.d. 18.04). The HD time ranged
from 4 to 142 months, with a mean of 43.4 months (s.d.
38.96), yet this time was much longer among the women
of our study (56.4 months, s.d. 11.4) than among the
men (26.8 months, s.d. 8.1) (P = 0.046, Student’s 7-test).
When compared with the control group, there were no
significant differences in age (59.8 years; s.d. 10.7,
t =1.3; P =0.1) or gender.

Table 2 gives the distributions, mean values, standard
deviations and statistical significance of the periodontal
variables in this study. No statistically significant
differences were found in the bleeding index, number
of teeth or percentage of LPA >3 mm between the HD
patients and the control group. However, a noteworthy
and statistically significant difference was seen in the
degree of oral hygiene.

When the clinical variables of the HD group [age
(r = 0.259), months of dialysis (r = —0.227), bleeding
index (r = 0.164)] were studied with respect to the
percentage of sites with LPA using the Pearson’s test, no
statistically significant correlations were obtained,
except for the number of teeth (r= —0.610,
P =0.002). When these variables were categorized
according to the time of dialysis treatment (either over
or under 24 months) or by age interval, again there was
no significant association with the LPA. More pro-
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longed dialysis treatment did not have an effect on the
extension of the periodontitis or on gingival bleeding to
a statistically significant degree.

The biochemical profile obtained from the clinical
history of HD patients included glucose, albumin,
calcium, AP and PTH levels, assessed at the time of
the oral examination. Eight patients (15.4%) presented
with  hypocalcaemia, with PTH wvalues (mean
335.26 pg ml™', s.d. 270.4) five times the normal value,
and in association with HPTSs; the mean level of AP was
98.37 UI (s.d. 36.8; range 186—48). Six patients (11.5%)
presented with moderate hypoalbuminaemia. In six
patients for whom the cause of ESRD was diabetic
nephropathy, glycaemia still gave a slightly high value.
None of the analytical data showed a statistical
relationship with periodontal status.

The microbiological PCR study (Figure 1) revealed
only six HD patients (11.5%) to harbour all the five
periodontal pathogens analysed. Tannerella forsythia
was the most prevalent, isolated in 46 patients, followed
by P. nigrescens (in 44 patients), P. gingivalis (in 40
patients) and P. intermedia and A. actinomycetemcom-
itans (in 18 patients). In two patients the PCR study did
not reveal any of the species studied. In the control
group, P. nigrescens was the most prevalent, isolated in
50 subjects, followed by T. forsythia (in 12 patients),
P. intermedia (in 10 patients) and P. gingivalis and
A. actinomycetemcomitans (in four patients), but no
statistical differences were found between the composi-
tion of biofilm (the number of different periodontopath-
ogenic species) in the HD patients and the control group
(4 = 0.333, P = 0.564) (Table 3); there were, however,
differences in the quantity of periodontopathogens
(P < 0.001, Student’s t-test) (Table 3). The highest
concentration of the microorganisms studied correspon-
ded to T. forsythia, and the lowest to A. actinomyce-
temcomitans in HD patients, whereas in controls the
highest concentration corresponded to P. nigrescens,
and the lowest to A. actinomycetemcomitans
(P < 0.001, Student’s t-test) (Table 3).

The LPA showed no statistical relationship with the
number of periodontopathogenic species studied. In
subjects with no LPA or <32% of sites, the mean total

Table 2 Comparison between oral status in haemodialysis patients and controls

Index values

Plaque” Gingival bleeding® (%)
HD group (n = 52) 2.0 + 0.7¢ 199 + 6.2
Control group (n = 52) 1.2 £ 0.6 182 £ 5.2
t=57° t=12
P < 0.001 P=02

Patients with sites LPA >3 mm®

No. of teeth 0% 0-32% 33-66% 67-100%
19.8 + 8.5 4 36 8 4
210 + 7.6 9 28 8 7
r=1.1 =374, P =029

P=023

LPA, loss of periodontal attachment (gingival retraction + pocket depth); HD, haemodialysis group.

“Silness and Loe (1964).
®Ainamo and Bay (1975).
“Arbes et al (1999).

9Mean + standard deviation.
‘Student’s z-test.
{Chi-squared test.
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Patients in haemodialysis

Prevotella nigrescens
804 bp -

Tannarella forsythia

641bp -
Prevotella intermedia

515bp -
Porphyromonas gingivalis

404 bp -

A. actinomycetemcomitans
253bp

MWm

Prevotella nigrescens
804 bp

Tannarella forsythia
641bp
Prevotella intermedia
515bp
Porphyromonas gingivalis
404 bp

A. actinomycetemcomitans
253bp

MG DC FC FLEG AO AOs PU JE AM AGDMAR FF NP IC CC JA RP MS JCDM RE CP ET AM

PG AC FG ED LE TODO AU RJ AA DD FM AJ MD JJ JP IA FF PP DJ RT DS ES JE MR MB

_

Mc Farland scales P.n. T.f.

1010410102101 0.5 1  10°10*10°102107" 0.5 1

10°10#10°102%10" 05 1 10°10%10°10210" 05 1

10°10#10°10%107" 0.5 1

Figure 1 Electrophoresis in agarose gels of the PCR products used to detect the presence of the periodontopathogenic bacteria. Each column
corresponds to a single patient. Note that only in four patients it was possible to demonstrate the presence of all five periodontopathogens. Below,
different PCR patterns (MacFarland) obtained with the strains of reference to establish the quantity of DNA corresponding to the

periodontopathogenic bacteria present in the samples

Table 3 Comparison of the mean number of

Pathogen Control group (n = 52) HD group (n=52) t-value” P-value  periodontopathogens, by digital image analy-
sis of agarose gel electrophoresis DNA bands,

Aa 33E+3 £ 14E+3 69E+3 £+ 308E+3 1.53 0.127  of HD patients and controls

Pg 179E+4 + 1184E+3 204.5E+4 + 3928E+3 3.27 0.001

Pn 34E+4 + 373E+3 97E+4 + 1094E+3 391 <0.001

7 0.34E+8 + 83223E+3 14E+8 + 15962E+3 4.22 <0.001

Pi 0.05E+7 + 18982E+3 6.8E+7 + 125038E+3 3.570 0.001

The values of the different periodontopathogens correspond to the extrapolation of data from

strains of reference, expressed as mean + standard deviation.

Aa, A. actinomycetemcomitans; Pg, P. gingivalis; Pn, P. nigrescens; Tf, T. forsythia; Pi,

P. intermedia.
“Student’s t-test.

number of microorganisms was 3.1 x 10° (s.d. 0.25) as
opposed to 3.5 x 10° (s.d. 0.56) in the cases of 33-100%
of LPA (P = 0.47, Student’s t-test) (Table 4).

In 14 HD patients (27%), the salivary samples showed
strains of Candida albicans, as did 10 (20%) from the
control group. This presence was significantly higher
among males than females (P = 0.038, Mann—Whitney
U-test). Serratia marcescens was isolated from saliva
samples in two HD patients, while Klebsiella oxytoca
was identified in another two. In the control group, two
cases with Escherichia coli were identified. In no case
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Enterobacteriaceae were identified from the subgingival
scraping of HD patients; and C. albicans was isolated in
four patients, but in no control cases.

Discussion

Many systemic diseases and conditions such as CRF can
have direct oral manifestations or cause an indirect
effect by modifying the host inflammatory or immune
response and by changing the host—parasite interaction
balance. This is crucial in the pathogenesis of the two
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Table 4 Comparison of the densitometric values of the DNA bands of the different periodontopathogens according to LPA in haemodialysis

patients

A: £33% with 23 mm of LPA (n = 40) Optic density Integrated optic Total bacteria 95% Confidence P-value

B: >33% with 23 mm of LPA (n=12) (mean + s.d.)® density (mean + s.d.)* (mean + s.d.)’ interval (Student’s t-test)

P. gingivalis
A 168.55 £ 114.55 564.58 + 483.91 2.69 £ 4.59 -1.73 to 6.14 0.42
B 152.79 + 102.89 319.88 + 381.30 0.492 £+ 0.76 —-0.02 to 4.43

A. actinomycetemcomitans
A 45.62 + 93.75 41.37 + 133.62 0.0008 £ 0.01 —-0.002 to 3 0.44
B 78.30 + 121.30 88.40 + 141.77 0.0003 £ 0.001 —-0.001 to 2

P. intermedia
A 73.72 £ 115.56 150.18 £+ 289.38 60.27 £ 11495 —147.88 to 96.93 0.88
B 82.13 £ 127.27 210.92 + 409.5 85.75 £ 166.47 —200.02 to 149.07

P. nigrescens
A 158.19 £ 119.27 370.71 + 479.76 0.57 £ 0.94 -2.17 to (-0.16) 0.05
B 208.25 + 102.11 1110.54 + 845.58 1.73 + 1.38 -2.61 to 0.28

T. forsythia
A 198.15 + 101.88 751.46 + 644.87 140.30 + 169.4 - 0.9
B 24499 + 8.18 830.88 + 633.15 149.18 + 174.7 -

“The values are expressed as arbitrary units of optic density obtained by digital image analysis.

PNumber of bacteria x10°.

most prevalent oral infections — caries and periodontal
diseases (Kesavalu et al, 2002).

Previous authors have reported that the oral health of
HD patients is worse than that of the general population
in terms of caries, gingivitis, periodontitis, plaque
buildup and general oral health status (Locsey et al,
1986; Naugle er al, 1998; Klassen and Krasko, 2002;
Al-Wahadni and Al-Omari, 2003). A recent study that
evaluated the periodontal status of 45 patients in HD
demonstrated some degree of oral pathology in 100% of
the patients, with noteworthy percentages of gingivitis
and periodontitis (36% and 28% respectively) (Naugle
et al, 1998). In our case, the mean value seen for gingival
bleeding was 20% of the sites examined. We, however,
believe that this finding may be biased. As Cohen (1994)
explains, these patients may present bleeding and
prolonged coagulation time, with episodes of sponta-
neous gingival haemorrhage. That would explain why
the mean percentage of bleeding in our study bears no
relation with the extension of the periodontitis: 19.64%
(s.d. 3.21) in the cases of no or mild periodontitis, yet
only 20.83% (s.d. 6.38) in the moderate and severe cases.
When we compared this index with the number of sites
with a periodontal lesion (clinical loss of attachment),
we obtained a very low and non-significant correlation.
Similar findings are reported elsewhere (Gavalda et al,
1999; Klassen and Krasko, 2002; Rahman et a/, 2002).

Many of the patients in our sample (45.5%) presented
PTH levels over 450 pg ml™', indicative of high remod-
elled bone activity; 22% had values between 60 and
450 pg ml™'; and 22.5% presented PTH values that
would be normal for the general population. Contra-
dictory results about the effect of HPTs and osteodys-
trophy on periodontal tissues have been published.
Some authors describe an accelerated process of perio-
dontal destruction (Spolnik ez al, 1981; Bras et al, 1985;
Carl, 1987; Grossi et al, 1995; Khocht, 1996), while
others find no influence on periodontal attachment
(Grossi et al, 1994; Frankenthal ef al, 2002; Llodra

et al, 2002). The fact that the PTH levels monitored in
our patients were consistently within an acceptable
range may explain the very low incidence of bone lesions
in our study.

Possibly because of the low number of patients who
smoked (n = 8) or had diabetes (n = 6), these factors
were not correlatable in the statistical analysis with any
of the periodontal variables. Likewise, the medication
administered to the patients had no manifest effect on
the statistical study (except the cases where it was the
grounds for exclusion).

The oral cavity may harbour different microbial
microenvironments of heterogeneous compositions.
More than 300 different bacterial species have been
described together with other microorganisms, such as
viruses, fungi, mycoplasmas, etc. The subgingival bio-
film is a complex bacterial community adhering to the
root surface separated from the oral cavity by the soft
tissue pocket wall. Under these conditions, many
bacterial species with a high potential virulence, such
as A. actinomycetemcomitans and P. gingivalis, are able
to colonize, grow and cause periodontal tissue damage
(Kesavalu et al, 2002). Systemic diseases, which may
influence the microenvironment of periodontal pockets,
could potentially affect the composition of this subgin-
gival biofilm. However, there are no evaluations in the
literature of the microbial composition of the subgingi-
val microflora in the patients undergoing HD. Our study
did not find any specific microbial pattern, although the
five analysed periodontal pathogens assayed were found
regularly in the pockets from these subjects when
compared with the control group. When we attempted
to correlate the composition and quantity of these
pathogens in relation with the extension of disease, we
observed a statistical difference only for P. nigrescens,
the incidence and quantity of which significantly corre-
lated with a higher LPA. Other authors similarly report
a high prevalence of these pathogens in mild periodon-
titis cases (Fukui et al, 1999). Although some authors
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have observed a high prevalence of species such as P.
nigrescens and T. forsythia associated with oral health
(Maeda et al, 1998; Choi et al, 2000; Tan et al, 2001),
others report this association only with cases of different
types of periodontitis (Colombo et al, 1998; Mullally
et al, 2000). In this study we detected P. nigrescens in
low amounts in comparison with other species (Table 3).

A recent study of the prevalence and amount of six
targeted species harboured by subjects with periodonti-
tis, compared with using real-time PCR assay, gives the
percentages of incidence in putative periodontopatho-
gens similar to our results (Kuboniwa et al, 2004). These
authors found high amounts of P. intermedia and low
quantities of A. actinomycetemcomitans, with minor
variation in the other three species we included in our
study; yet they found the periodontal pathogens to be
more prevalent and in a significantly greater proportion
in diseased pockets. We observed no significant associ-
ations between the amount of periodontopathogen and
the extension of periodontitis; this may be attributed to
the fact that we studied only pockets with a loss of
attachment greater than 3 mm (considered pathologi-
cal). The two patients who had no DNA of the species
studied were 75 and 77 years old with mild LPA, where
the loss of attachment was mainly caused by gingival
recession and not by true periodontal pockets.

In our sample, there was no significant difference in
the presence of C. albicans in saliva of the two groups.
Four of the HD patients also demonstrated C. albicans
isolates in cultures from subgingival plaque, which
might be due to the degree of immunocompetence of
these patients. In the two cases presenting K. oxytoca,
which metabolizes in urea, the explanation might be the
levels of urea in the saliva of HD patients (Klassen and
Krasko, 2002).

On the basis of the findings presented here, we cannot
associate ESRD with more severe periodontal destruc-
tion. The prolonged duration of HD treatment did not
bear a statistically significant relationship with the
percentage of sites with LPA >3 mm, specific microbiota
or composition of biofilm. However, the HD patients
presented a higher number of periodontopathic micro-
organisms when compared with the matched control
subjects.
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