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Abstract

Background: The objective was to qualitatively and quantitatively describe the subgingival cultivable bacteria in
Albanian subjects and to compare it with a similar Spanish population.

Materials and methods: Consecutive patients, diagnosed as periodontitis in stages I-Il or lll-IV, and as periodontally
healthy or with gingivitis, were studied clinically and microbiologically by means of microbiological culture, including
total anaerobic counts, proportions, and frequency of detection of target species. Outcome variables were analysed
by Mann-Whitney, Kruskal-Wallis, ANOVA, ANCOVA and Chi-square tests.

Results: In this cross-sectional study, 83 (Albania) and 90 (Spain) subjects were included. No statistically significant
differences were observed between test and control populations regarding demographic variables or smoking habit.

tis (p =0.034) groups.

than a similar population of subjects from Spain.

Significantly higher total anaerobic counts in the Albanian population (p =0.022) were observed, especially in the
periodontal health/gingivitis group (p =0.001). In the test population, the proportions of the cultivable bacteria of
Fusobacterium nucleatum were significantly lower in both the healthy/gingivitis (p =0.022) and stages |-Il periodonti-

Conclusions: The subgingival cultivable bacteria in both periodontitis and non-periodontitis subjects from Albania
showed significantly higher total anaerobic counts and lower proportions of the cultivable bacteria of . nucleatum

Keywords: Subgingival cultivable bacteria, Periodontitis, Microbiological culture, Albania, Spain

Background

Periodontal diseases are chronic inflammatory conditions
affecting the tooth supporting tissues caused by dental
biofilms, but modulated by different patient and environ-
ment related risk factors. The pathogenesis of both gingi-
vitis and periodontitis result from an imbalance between
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the infectious challenge (bacterial pathogens organized
in dental biofilms) and the host response [1, 2]. Systemic
risk factors will influence the host response by the genetic
predisposition and systemic health status of the subject,
while the environmental conditions as well as by lifestyle
factors may influence both the subgingival microbiota
and the host response [2]. For example, there is strong
evidence that tobacco smoking is a relevant risk factor for
the onset and progression of periodontitis, what contrib-
utes to the higher prevalence and severity of periodonti-
tis in smokers [3, 4]. Nutrition has also been reported as
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a relevant lifestyle factor in the onset and progression of
periodontal diseases, although its role as a true risk factor
has not yet been established [5].

Environmental and lifestyle factors vary among coun-
tries and subject populations from different geographi-
cal areas and these changes may influence the aetiology
and progression of periodontal diseases in these spe-
cific places. In fact, differences in the composition of the
subgingival microflora have been demonstrated when
sampling subjects with similar clinical characteristics,
but belonging to different geographical populations [6].
Whereas it is well established that periodontal patho-
gens such as Aggregatibacter actinomycetemcomitans,
Porphyromonas gingivalis and Tannerella forsythia have
demonstrated a strong association with periodontitis [1],
and their relative counts and proportions may be differ-
ent according to different geographical areas [7, 8]. For
example, A. actinomycetemcomitans, [9] was reported in
high prevalence in the Chinese population, compared to
that of European and North American populations. Simi-
larly, in Brazil [10] A. actinomycetemcomitans was found
in high numbers in both periodontitis and in healthy
subjects. In Morocco, subjects diagnosed of periodonti-
tis demonstrated a significantly higher prevalence of A.
actinomycetemcomitans (35.6%) [11], compared to only
5.7% in periodontitis patients in Spain [12].

These studies therefore suggest that differences in the
subgingival microbiota composition may occur in popu-
lations with different environmental and lifestyle condi-
tions. In fact, differences in the profiles of the subgingival
microbiota were also reported by our research group
when comparing periodontitis subjects from Spain and
The Netherlands [8], and when comparing periodontitis
subjects from Colombia, Chile and Spain [13], or more
recently, even comparing subjects between Colombia and
Spain [14]. Other authors have postulated that beyond
the environmental and lifestyle factors, the genetic back-
ground of the subjects may also influence the composi-
tion of the subgingival microbiota [6, 15]. In fact, it has
been reported ethnicity-specific subgingival microbi-
omes when comparing two populations sharing a com-
mon environment but different genetic background [16].

Albania is a developing country in the western Bal-
kans surrounded by Montenegro, Kosovo, Macedonia
and Greece, with a population of approximately 3.1 mil-
lion people. The drastic change in economic and social
political conditions in the last 2 decades has significantly
impacted on the socioeconomic and environmental fac-
tors that may have an impact on health [17], what may
also influence the prevalence and severity of periodontal
diseases in this country [18]. Factors such as low socio-
economic status, lack of dental health education and lim-
ited access to proper oral-health care in a highly diverse
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ethnic population may influence the prevalence of peri-
odontal diseases by affecting the composition of the oral
microbiota.

Since there are no studies characterising the subgingi-
val microbiota from Albanian subjects, we have designed
this case—control study, where consecutive subjects
were periodontally diagnosed with the new classifica-
tion of periodontal diseases [19, 20], and the composi-
tion of their subgingival microbiota has been studied
using anaerobic culture microbiology. As controls, we
have characterised, both clinically and microbiologically,
a similar population of Spanish subjects. The working
hypothesis is that the clear environmental differences
between Albania and Spain will significantly influence
the microbial composition of the subgingival cultiva-
ble bacteria in subjects with different periodontal health
status.

Materials and methods

Study design

This study was designed as a cross-sectional observa-
tional study and it is reported following the Strength-
ening the Reporting of Observational Studies in
Epidemiology (STROBE) guidelines [21]. The protocol of
this investigation was approved by the local ethical com-
mittees in the respective countries (references 18/128-E
in Spain and 197 in Albania) and considers all aspects
of the Helsinki Declaration regarding experimentation
involving human.

Patient sample
Subjects seeking dental attending the Faculty of Den-
tistry in Tirana (Albanian University, Albania) and the
Faculty of Dentistry in Madrid [University Complutense
of Madrid (UCM), Spain] were screened between April—
May 2018 and March 2020 and registered the socio-
demographic characteristics of the patients, such as age,
gender, origin, smoking, systemic health, medications,
and conditions. Patients included in this study met the
following criteria: (1) age between > 30 and < 60. The fol-
lowing exclusion study criteria were also evaluated: (1)
having less than 16 teeth; (2) patient with a periodontal
abscess or necrotizing periodontal diseases; (3) use of
systemic antibiotics in the previous month; (4) patient
with relevant systemic diseases (diabetes, polymorpho-
nuclear neutrophil defects, other immune system disor-
ders); (5) pregnant or lactating patient; and (6) patient
with current anti-inflammatories, anticonvulsant, cal-
cium channel blockers, or immunosuppressant treat-
ments, or 6 months prior to the sample.

When subjects fulfilled these criteria, they were ver-
bally informed about the study and were asked to
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participate by signing an informed consent. Upon accept-
ance, each patient was appointed for the study visits.

Clinical and radiological examination

The patients received a complete periodontal and radio-
graphic examination, including gingival recession, prob-
ing depth (PD), clinical attachment loss (CAL) and
bleeding on probing (BoP) [22] using a UNC-15 peri-
odontal probe (HuFriedy, Leinmen, Germany). Plaque
index (PII) [23] was evaluated after rinsing the patient
with a plaque disclosing solution containing erythrosine
(Plac-Control®, Dentaid, Barcelona, Spain).

After this visit, the included subjects were segmented
by their periodontal status in three categories using the
following criteria [19, 20]: (1) periodontal health and
gingivitis: no CAL, no radiographic bone loss (RBL) and
PD <3 mm, assuming no pseudo-pockets; (2) stages I
and II periodontitis: PD 4-5 mm, mostly horizontal RBL
and no tooth loss due to periodontal reasons. CAL will be
1-2 mm (stage I) or 3—4 mm (stage II), while RBL affects
only the coronal third (<15% for stage I and 15-33% for
stage II); and (3) stages III and IV periodontitis: At least
two non-adjacent sites with CAL>5 mm or reaching the
middle third of the root, with PD>6 mm. Evidence of
tooth loss due to periodontal reasons.

Microbiological procedures

Microbiological sampling

Samples were taken with two consecutive standard-
ized 30# sterile paper points (Maillefer, Ballaigues, Swit-
zerland). Paper points were inserted into the crevice or
pocket and left in place for 10 s. Prior to sampling, four
sites per patient were selected, one in each quadrant. The
selected sites were isolated from saliva and supragingival
plaque contamination with the use of cotton rolls and
compressed air. In periodontal health/gingivitis subjects,
subgingival samples were taken from the mesio-buccal
sites of the first molars and, when absent, from the adja-
cent second molars (the next alternative was the second
premolars and from there, any teeth present mesially).
In subjects with periodontitis, subgingival samples were
taken from the most accessible site with the deepest
PD and BoP, per quadrant. The eight paper points were
transferred into a screw-capped vial, containing 1.5 ml
of reduced transport fluid (RTF) [24], so an individual
pooled sample was obtained from each patient. Samples
were sent directly (Spanish samples) or via courier (Alba-
nian samples) to the Laboratory of Research at UCM,
Spain, where they were processed within 24—36 h. RTF
was the ideal transport medium, as it has been shown
to maintain a good viability of anaerobes up to four days
after sample collection [24].
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Direct anaerobic culture

At the Laboratory, samples were homogenized by vor-
texing for 30 s, and serially diluted in phosphate buffer
saline (PBS) (dilutions 1071, 1072, 107 and 10~%). For each
sample, 100 pl of at least two of the dilutions were plated
on non-selective blood agar medium (Blood Agar Base II,
Oxoid, Basingstoke, England), supplemented with hae-
min (5 mg/l), menadione (1 mg/l) and 5%, sterile horse
blood. Plates were incubated for up to 14 days in anaero-
bic conditions (80% N,, 10% CO, and 10% H,) at 37 °C.
After 7-14 days of anaerobic incubation, suspected colo-
nies were further identified by microscopy, gram-staining
and enzyme activity (see Additional file 1: Table S1). The
counts of representative colonies (those with colony mor-
phologies compatible with target pathogen morphology)
were carried out.

For isolation and quantification of A. actinomycet-
emcomitans, another 100 pl of the 107! dilution of each
sample and 100 ul without dilution were plated onto the
selective medium Dentaid-1 [25], that was incubated for
3 days in air with 5% CO, at 37 °C.

Data analysis

Sample size calculation

The outcome variable “proportion of the anaerobic cul-
tivable bacteria of P gingivalis” was selected to calcu-
late the sample size. With a proportion of P. gingivalis in
Spain of 22.21% [13] and in order to detect a difference
in proportions of 16.72% between Albania and Spain,
with a 90% of power and a significance of 95%, at least
88 patients per country were necessary. Besides, and to
narrow differences between different age groups in differ-
ent conditions, the overall sample was a uniformed strati-
fied sampling, in which the same size for all the defined
categories were assigned. The desired sampling distribu-
tion was 30 patients in each category (periodontal health/
gingivitis, stages I-II periodontitis, stages III-IV peri-
odontitis), and 10 patients per age cohort, 30—-40 years,
41-50 years, 51-60 years, within each periodontal status
category.

Statistical analysis
The statistical unit of the study was the patient. For con-
tinuous data, Kolmogorov—Smirnov test and distribu-
tion of data were used to assess normality. Data were
expressed as means and standard deviations (SD), and as
median and interquartile ranges (IQR) for non-paramet-
ric data. Categorical data were expressed as percentages.
Demographic data and clinical variables were analysed
by Student t test, ANOVA test and chi-square test with
probability values adjusted with the Bonferroni cor-
rection. For microbiological outcome variables, total
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anaerobic counts were calculated on blood-agar plates
and expressed in total colony-forming units/ml (CFU/
ml). Counts for each specific bacterial species, as well
as their percentage of total cultivable bacteria, were also
calculated for each patient. Counts and proportions were
calculated considering all samples. The logarithmic trans-
formation of CFU of bacterial counts was designed to
normalise the data distribution. Microbiological variables
were compared by t test and ANOVA test, for parametric
data, and U Mann—Whitney test or Kruskal-Wallis test
with Dunn—Bonferroni post hoc tests, for non-paramet-
ric data. Differences between the two countries were fur-
ther explored by analysis of covariance (ANCOVA), with
country as the factor, and PII and PD were entered into
the model as co-variates. In this case, ANCOVA model
adjusted means and confidence intervals (CI) were cal-
culated. Proportions of target pathogens were log-trans-
formed to achieve homogeneity of variances.

For categorical data, chi-square test was used, with
Bonferroni correction for multiplicity when was
necessary.

All statistical analyses were performed using SPSS 20
program package (SPSS Inc, Chicago, IL, USA) and the
level of significance was set in 0.05.

Results

A total of 186 patients were initially recruited (98 in
Spain and 88 in Albania). Eight subjects in Spain and five
in Albania were excluded due to technical issues in sam-
ple transportation and bacteria culturing. A total of 173
subjects, 90 in Spain and 83 in Albania, were recruited,
with a similar distribution within the pre-established cat-
egories: periodontal health/gingivitis (55 in total, 30 in
Spain and 25 in Albania), stages I-II periodontitis (58,
30 and 28, respectively) and stages III-IV periodontitis
(60, 30 and 30, respectively). As depicted in Table 1, there
were no statistically significant differences between these
populations, either for age and gender or among the peri-
odontal categories. Similarly, the percentage of smokers
was not significantly different.

Table 2 depicts the clinical variables in the recruited
patients within the three established categories. Over-
all, subjects from Spain showed a statistically signifi-
cant higher mean PD (p=0.025). PD was significantly
higher in Spanish subjects in stages III-IV periodontitis
(»<0.001) and PII in the periodontal health/gingivitis
group (p<0.001). Conversely, Pl was significantly higher
in stages III-IV periodontitis (p=0.036) for Albanian
population.

Table 3 presents the detection of different bacterial spe-
cies in subgingival samples of Albanian population. The
most prevalent bacterial species in periodontal health/
gingivitis, stages I-II and stages III-IV periodontitis
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groups were Fusobacterium nucleatum (92%, 92.9% and
86.7%, respectively), P gingivalis (68%, 82.1% and 80%,
respectively), Prevotella intermedia (52%, 71.4% and
76.7%, respectively) and Eikenella corrodens (46.7%
in stages III-IV). Statistically significant differences
between subjects with and without periodontitis were
only found for P. intermedia (p =0.048) and E. corrodens
(p=0.035). In addition, E. corrodens was detected with
a higher frequency in stages III-IV than in periodontal
health/gingivitis (p=0.016). In terms of counts and pro-
portions, comparing subjects with and without periodon-
titis, statistically significant differences were detected
for P gingivalis (p=0.002 for counts and p=0.016 for
proportions), P intermedia (p=0.002 and p=0.020,
respectively) and E. corrodens (p=0.014 and p=0.043,
respectively). In the analysis by periodontal status, sig-
nificant differences were only observed in counts for P
gingivalis (p=0.005), P intermedia (p=0.005) and E.
corrodens (p=0.020), between periodontal health/gingi-
vitis and stages III-IV periodontitis. On the other hand,
statistically significant higher counts and proportions
of Actinomyces odontolyticus were detected in patients
without periodontitis (p=0.030 and p=0.030, respec-
tively), but such differences were not maintained in the
analysis by periodontal status.

Table 4 depicts the total anaerobic count results of the
test and control group analysed together, and by peri-
odontal status and country. Significantly higher anaero-
bic counts were detected in the periodontitis categories
(stages I-1I (»p<0.001) and III-IV (p<0.001)), compared
with the periodontal health/gingivitis group. Higher total
counts were observed in Albanian subjects (p=0.022),
being this difference statistically significant in the peri-
odontal health/gingivitis group (p=0.001).

Tables 5, 6 and 7 depict the subgingival cultivable bac-
teria (target periodontal pathogens) in both country pop-
ulations segmented by the three categories. Samples from
Albanian subjects were characterized by significantly
lower proportions of E nucleatum and P intermedia.
In periodontal health/gingivitis and in stages I-II peri-
odontitis, E nucleatum was present in significantly lower
proportion (p=0.022 and p=0.034, respectively) in the
Albanian samples. The same was true in the category
stages III-IV periodontitis for P intermedia (p=0.038).
However, when the proportions of P intermedia were
adjusted for plaque index and probing depth, as possible
confounding factors between countries by an ANCOVA
model, this difference between countries was no longer
observed (Table 8).

No statistically significant differences were found
between the countries for counts or frequencies of
detection of the target pathogens, although some ten-
dencies were observed. In stages I-II periodontitis,
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Table 2 Comparison of clinical parameters among periodontal status groups and between countries
Comparison n Mean (SD) Mean difference  95% ClI p value
First® Second® Lower bound  Upper bound
PD (mm) Periodontal status group Health/gingivitis 55 2.13(0.30) —0.77* —1.03 —0.51 <0.001
Periodontitis |-l 58 291 (0.46) —o081" —1.06 — 056 <0.001
Periodontitis IlI-IV 60 3.72(0.78) —1.58° —1.83 —133 <0.001
Country Spain 90  3.08(0.90) 0.28° 0.03 0.54 0.025
Albania 83 2.79(0.77)
Periodontal status by Health/gingivitis Spain 30 220(031) 0.145 — 001 0.31 0.072
country
Albania 25 2.05(0.28)
Periodontitis Il Spain 30 298(047) 0.15% —0.08 0.40 0.195
Albania 28 2.82(0.44)
Periodontitis llI-IV  Spain 30 4.06(0.63) 067° 0.31 1.04 <0.001
Albania 30 3.38(0.78)
CAL (mm)  Periodontal status group Health/gingivitis 55 0.25(0.25) — 2.80* —3.15 — 246 <0.001
Periodontitis |-l 58 3.06 (047) — 156" —1.89 —122 <0.001
Periodontitis IlI-IV 60 4.62(1.16) — 436" —4.70 —4.02 <0.001
Country Spain 90  2.70(1.93) —000° —0.59 0.58 0.985
Albania 83 2.71(1.98)
Periodontal status by Health/gingivitis Spain 30 027(0.25) 0.04° —0.09 0.18 0.516
country
Albania 25 022(0.26)
Periodontitis |-l Spain 30 3.13(0.46) 0.15° —0.08 0.40 0.201
Albania 28 298 (0.46)
Periodontitis lI-IV Spain 30 4.71(0.86) 0.17% — 043 0.78 0.566
Albania 30 453(1.47)
BoP (%) Periodontal status group Health/gingivitis 55 9.87(10.57) — 25.10*% — 3469 — 1551 <0.001
Periodontitis |-l 58 3497 (21.19) —29.04" — 3843 —19.65 <0.001
Periodontitis IlI-IV 60 6402(27.28) — 54.14* — 63.66 — 44,63 <0.001
Country Spain 90 37.70(29.69) 133° —7.85 10.52 0.775
Albania 83 3637(31.53)
Periodontal status by Health/gingivitis Spain 30 1099 (12.94) 246" —301 — 794 0.370
country
Albania 25 852 (6.75)
Periodontitis |-l Spain 30 36.62(21.35) 3405 —7.81 14.62 0.545
Albania 28  3321(21.27)
Periodontitis llI-IV Spain 30 65.51(23.30) 2.98° —11.24 17.20 0.676
Albania 30 62.52(31.08)
PII (%) Periodontal status group Health/gingivitis 55 3536(2352) —33.21* — 4448 —21.95 <0.001
Periodontitis Il 58  6858(2735) — 14.66" — 2568 — 3.64 0.005
Periodontitis IlI-IV 60 8325(23.15) —47.88° —59.05 —36.71 <0.001
Country Spain 90 64.21(24.97) 2295 — 741 12.00 0.641
Albania 83 6191 (37.74)
Periodontal status by Health /gingivitis ~ Spain 30 48.84(20.898) 29.65% 19.97 39.34 <0.001
country
Albania 25 19.18 (14.79)
Periodontitis |-l Spain 30 66.76 (5724) —377° — 1840 10.85 0.607
Albania 28 7053 (30.39)
Periodontitis l-IV Spain 30 7702(2131)  — 12455 — 2406 — 083 0.036
Albania 30 8947 (23.58)

PD, probing depth; CAL, clinical attachment loss; BoP, bleeding on probing; PII, plaque index; n, sample size; SD, standard deviation; Cl, confidence interval
2 One-way ANOVA test
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b Student t test

*Periodontal health/gingivitis group versus periodontitis I-Il group

* Periodontitis Il group versus periodontitis IlI-IV group

* Periodontal health/gingivitis group versus periodontitis IlI-IV group

§ Spain versus Albania

Table 3 Detection of subgingival bacterial species in the Albania population

Health/gingivititis Periodontitis I-Il Periodontitis IlI-IV Differences  Health/gingivitis
n=25 n=28 n=30 among versus periodontitis
groups
Mean (SD) Mean (SD) Mean (SD) p value p value
Aggregatibacter actinomycem- Counts 0.19 (0.96) 0 046 (1.42) 0.208° 0.831°¢
comitans
Proportions 0.14 (0.74) 0 0.00 (0.01) 0.215° 0.851¢
Frequency® 1 (4.0) 0(0.0) 3(10.0) 0.270° 1.000¢
Porphyromonas gingivalis Counts 2.98 (2.36) 442 (2.28) 4.68 (2.50) 0.005 0.002
Proportions  8.19 (18.49) 12.75(17.34) 15.18 (23.08) 0.053 0.016
Frequency 17 (68.0) 23(82.1) 24(80.0) 0314 0.195
Prevotella intermedia Counts 1.99 (2.17) 3.30(2.30) 3.84(2.31) 0.005 0.002
Proportions 5.68 (18.31) 1.91 (4.40) 2.79 (7.48) 0.055 0.020
Frequency 13 (52.0) 20(714) 23(76.7) 0.057 0.048
Tannerella forsythia Counts 0.68 (1.61) 1.73(2.38) 1.05 (2.16) 0.168 0.155
Proportions  0.07 (0.26) 0.32 (0.46) 0.51(1.58) 0.113 0.097
Frequency 3 (12.0) 10 (35.7) 6 (20.0) 0.553 0.121
Parvimonas micra Counts 0.74 (1.74) 0 0.66 (1.73) 0.106 0.237
Proportions 0.30 (0.64) 0 0.33(1.10) 0.062 0.094
Frequency 5(20.0) 0(0.0) 4(13.3) 0.505 0.120
Fusobacterium nucleatum Counts 3.83(1.52) 4.17 (1.35) 4.11(1.84) 0.114 0.053
Proportions  1.65 (2.00) 1.17 (1.46) 2.38(4.18) 0.487 0313
Frequency  23(92.0) 26 (92.9) 26 (86.7) 0.489 1.000
Campylobacter rectus Counts 0 0.27 (1.01) 0.16 (0.91) 0.393 0.250
Proportions 0 0.00 (0.03) 0.02 (0.14) 0.393 0.250
Frequency  0(0.0) 2(7.) 133) 0.555 0.550
Eikenella corrodens Counts 0.55(1.31) 141 (2.12) 216 (2.41) 0.020 0.014
Proportions 0.07 (0.17) 0.21(0.51) 2.65(12.75) 0.065 0.043
Frequency 4 (16.0) 9(32.1) 14 (46.7) 0.016 0.035
Capnocytophaga spp. Counts 0.32(1.10) 0.12 (0.65) 0.94 (1.93) 0.091 0.550
Proportions  0.03 (0.11) 0.02(0.10) 0.27 (0.93) 0.106 0.526
Frequency 2 (8.0) 1(3.6) 6 (20.0) 0.135 0.717
Actinomyces odontolyticus Counts 0.37(1.30) 0 0 0.095 0.030
Proportions 0.63 (2.19) 0 0 0.096 0.030
Frequency 2 (8.0) 0(0.0) 0(0.0) 0.063 0.088

n, sample size; SD, standard deviation

2 Kruskal-Wallis test

b Chi-square with Bonferroni correction

€ Mann-Whitney test

d Chi-square;

€ Number and percentage of positive samples
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Table 4 Comparison of total anaerobic counts (log-transformed) among periodontal status groups and between countries

Comparison n Mean (SD)¢ Mean Difference  95% Cl p value
First® Second" Lower bound Upper bound
Periodontal status group Health/gingivitis 55 6.00(0.58) — 0.65% - 091 — 040 <0.001
Periodontitis |-II 58  6.66(049) —o011f —035 0.13 0.845
Periodontitis IlI-IV 60 6.77(0.58) —077* —1.02 —0.51 <0.001
Country Spain 90 6.38(0.69) —022° — 041 —0.03 0.022
Albania 83 6.61(057)
Periodontal status by country  Health/gingivitis Spain 30 5.77(0.60) —052° —0.80 —-023 0.001
Albania 25 6.29(043)
Periodontitis |-II Spain 30  6.66(045) —000° —0.25 0.26 0.979
Albania 28  6.66(0.54)
Periodontitis llI-IV  Spain 30 6.72(056) —0.10° — 041 0.19 0474
Albania 30  6.83(0.60)
n, sample size; SD, standard deviation; Cl, confidence interval
@ One-way ANOVA test
b Student t test
€ Mean of log-transformed counts
*Periodontal health/gingivitis group versus periodontitis -1l group
T Periodontitis Il group versus periodontitis lll-IV group
¥ Periodontal health/gingivitis group versus periodontitis IlI-IV group
§ Spain versus Albania
samples from Albanian subjects presented less fre- Discussion

quently P. gingivalis (82.1% versus 96.7%, p =0.097) and
P intermedia (71.4% versus 90.0%, p=0.071). Similar
findings were observed for T. forsythia in stages I1I-
IV periodontitis (20.0% versus 43.3%, p=0.052). Con-
versely A. actinomycetemcomitans (10.0% versus 0%),
and E. corrodens (76.7% versus 23.3%, p =0.058) were
present more frequently in the Albanian population, in
stages III-1V periodontitis.

Table 9 depicts the counts and frequencies of detec-
tion of target pathogens by clinical categories. Lower
counts, proportions, and frequencies of detection of P
gingivalis and P. intermedia were detected in the perio-
dontal health/gingivitis group, compared with stages I-II
(p <0.05) or stages III-IV periodontitis (p < 0.05) groups.
Similarly, T. forsythia was detected in lower counts, pro-
portions, and frequencies of detection in the periodontal
health/gingivitis group, compared with stages I-II peri-
odontitis (p <0.05); E nucleatum was detected in lower
counts in periodontal health/gingivitis group when com-
pared with stages I-II (p=0.012) or stages III-IV peri-
odontitis (p=0.001); and E. corrodens was detected in
lower counts in periodontal health/gingivitis when com-
pared with stages III-IV periodontitis (p=0.028). For
Parvimonas micra, statistically significant higher fre-
quencies of detection were observed in the periodontal
health/gingivitis group when compared with stages I-1I
periodontitis (p =0.045).

The present study evaluated two similar populations in
terms of age, gender and smoking habits, but from two
countries with different environments (Albania and
Spain). These subjects have provided microbiological
samples processed by anaerobic culturing in a single lab-
oratory using the same microbiological diagnostic tech-
nology. These recruited subjects were present in similar
numbers in the three diagnostic categories, with minimal
differences in the clinical parameters (deeper mean PD
in Spanish subjects within the stages III-IV periodon-
titis category, and lower plaque index levels in Albanian
subjects in the periodontal health/gingivitis group but
higher in the stage III-IV periodontitis). The analysis of
the subgingival cultivable bacteria of these two distinct
populations has shown that Albanian subjects presented
higher anaerobic counts, especially in periodontal health/
gingivitis subjects, and lower proportions of F nuclea-
tum in periodontal health/gingivitis and stages I-II
periodontitis.

The fact that all samples were processed by the same
microbiological laboratory may reduce the differences
due to sample processing reported in previous studies
with similar objectives [6, 8, 11, 13, 14]. Also, the fact
that the clinical parameters within the pre-established
clinical categories were based on the diagnostic criteria
of the new classification of periodontal diseases [19, 20]
may have reduced the likely differences in the subgingival
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Table 8 Comparison of total anaerobic counts and proportions of selected species by adjusting for confounding factors
Country n Mean? (SD) p value® Adjusted mean*® (95% Cl) Adjusted
p value?
Total anaerobic Health/gingivitis Spain 30 5.77 (0.60) 0.001 562 (542-5.82) 0.000
counts
Albania 25 6.29(0.43) 6.46 (6.24-6.69)
Proportions Mean (SD) p value® Adjusted mean' (95% CI) Adjusted
p value?
F. nucleatum Health/gingivitis Spain 30 455 (5.57) 0.022 0.40 (0.20-0.60) 0.040
Albania 25 1.65 (2.00) 0.05 (-0,17-0.27)
Periodontitis |-l Spain 30 293 (3.35) 0.034 0.25 (0.05-0.46) 0.004
Albania 28 7 (1.46) 8(-0.39-0.02)
P intermedia Periodontitis IlI-IV Spain 30 6.79 (12.08) 0.038 0.34 (0.44-0.63) 0.078
Albania 30 2.79 (7.48) -0.06 (-0.03-0.22)

n, sample size; SD, standard deviation; Cl, confidence interval
@ Mean of log-transformed counts

b Student t test

€ Adjusted mean of log-trasnformed counts

4 ANCOVA

€ Mann-Whitney test

fAdjus‘ced mean of log-transformed proportions; ANCOVA model: (a) plaque index and probing depth were entered in the model as co-variates; and (b) to achieve the
homogeneity of variances, the proportions of F. nucleatum and P. intermedia were log-transformed

bacteria due to the differences in periodontal status.
Although the Spanish patients showed deeper mean PDs
and lower PII levels in stages III-IV periodontitis, and
Albanian patients presented a lower PII in the periodon-
tal health/gingivitis group, these differences may be anec-
dotal and with a clear lack of clinical significance, except
in stages III-1V periodontitis.

In the present study, when evaluating the microbio-
logical profile of the Albanian population, the bacte-
rial species with the highest frequency of detection in
periodontitis were P. gingivalis, P. intermedia, F. nuclea-
tum and E. corrodens. There is no available information
from Albania to compare with the findings. If they are
compared with findings from other geographical loca-
tions (Spain, Morocco, Colombia, Chile), P gingivalis,
P intermedia and F. nucleatum are consistently three of
the most frequently detected bacterial species in subgin-
gival samples in patients with periodontitis by means of
culture techniques [8, 11, 13, 14]. E. corrodens has also
shown higher frequencies in periodontitis than in peri-
odontally healthy subjects [26]. However, in the Albanian
population studied, only P. intermedia and E. corrodens
showed a statistically significantly higher prevalence
in periodontitis than in subjects without periodontitis,
which may suggest that P. gingivalis and F nucleatum are
also frequently present in subjects without periodontitis
in Albania.

When the Albanian subjects were compared to a
similar Spanish population, two main differences were

identified, namely total anaerobic counts and the pro-
portions of specific target species. For the differences in
total anaerobic counts, statistically significant differences
were detected in the whole sample, which corresponds to
higher total counts in Albanian patients than in Spanish
patients in the group of subjects with periodontal health
or gingivitis. This finding is consistent with a previous
study observing microbiological differences in subjects
according to race/ethnicity, family income or educa-
tion, as well as smoking, diet and health habits, or access
to dental care [27]. While smoking is not a differentiat-
ing variable in the present study, socio-economic and/or
socio-demographic differences might have influenced the
results.

For differences in the proportions of specific target spe-
cies, significantly lower proportions of E nucleatum, in
periodontal health/gingivitis and in stages I-II periodon-
titis, were detected in Albanian samples. This finding is
in line with a study showing that subjects with low socio-
economic status and low levels of oral diseases (car-
ies and/or periodontitis) have lower amounts of certain
members of the Fusobacterium genus [28]. It is unclear
whether these differences may reflect that dysbiotic bio-
films in Albanian patients were not clearly associated
with specific pathogens, while the corresponding dys-
biotic biofilms in Spanish subjects were associated with
specific pathogens. Previous studies with populations in
Spain have highlighted the possible relevant role of P. gin-
givalis [8, 13, 14], what may support the importance of
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this pathogen as a key-stone pathogen responsible of the
bacterial dysbiosis concept [29].

Although not statistically significant, other microbio-
logical differences also showed clear tendencies in terms
of frequencies of detection, depicting higher prevalence
of A. actinomycetemcomitans and E. corrodens in Alba-
nia, and higher prevalence of P. gingivalis, P. intermedia
and T. forsythia in Spain. These findings support previ-
ous reports comparing the subgingival cultivable bacte-
ria of Colombian and Spanish patients [14], that suggests
that dysbiotic biofilms could be associated with larger
amounts of microorganisms in Albanian subjects, while
in Spain the impact of key pathogens may be more rel-
evant. In addition, the role of A. actinomycetemcomitans
in promoting dysbiosis of in a limited number of Alba-
nian patients should also be considered, which is consist-
ent with the results of different studies on Eastern Europe
populations [30-32], as compared with lower levels in
Spain [8, 12-14].

When evaluating the microbiological findings within
the different periodontal categories, differences were
observed in terms of total anaerobic counts, and in
counts, proportions and frequencies of detection of tar-
get bacterial species, including the most relevant perio-
dontal pathogens, P. gingivalis, T. forsythia, P. intermedia
and E nucleatum, what is in agreement with previous
studies using other classification systems [6, 8, 31] or
with studies using the same 2018 classification [14, 32].
Whether these differences are causal or secondary to dif-
ferences in PDs cannot be explored in a cross-sectional
study [33].

The present study used culture techniques for the
identification of the cultivable bacteria associated with
periodontitis. While Next Generation Sequencing (NGS)
approaches are currently frequently used, an initial char-
acterization of a previously not tested population (as
Albanian subjects) may benefit from a simpler approach.
However, the value of culture techniques should not be
underestimated, alone or in combination with other
approaches, since it has been considered that it is impor-
tant to have parallel culture libraries [34, 35], that ben-
efits from the improvement of microbiological culturing,
e.g. with the introduction of more competent anaerobic
handling and incubation procedures, so culture is rein-
vented every day [36]. Thus, many other researchers
still believe that cultivation continues to be an interest-
ing alternative for microbiological testing [37] and its use
allows for appropriate comparisons with previous studies
that have also used culture techniques.

The results of the present study should be interpreted
with caution due to the clear limitations of the micro-
biological methodology used, e.g. the microbiological
samples from Albania were sent by courier to Spain, and
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although the same standardised approach to sampling
was followed in both centres [38], and the time inter-
val between sampling and plating was the same for both
countries (24—36 h), it cannot be discarded that the ideal
transport conditions might not have been maintained for
some samples, which could have impacted on the viabil-
ity of some microorganisms [24]. Another limitation is
associated with the sampling strategy, since only the four
deepest sites were sampled in each patient, which may
underestimate detection frequencies [39]; however, this
strategy was validated in the early nineties [40, 41] and
it has been extensively used in periodontal microbiol-
ogy. Moreover, the relatively small sample size without
providing information about other possible sources of
bias (as differences in socio-economic status) may have
limited the opportunity to find significant differences.
Finally, culture techniques are not able to provide a thor-
ough research of the subgingival microbiota, thus further
in-depth analysis, e. g. using NSG approaches, would be
necessary to have a more comprehensive picture of the
whole microbiota of the Albanian population, including
non-culturable bacterial species.

Conclusions

Within the limitations of the present study, it can be con-
cluded that the microbiological profile of the subgingival
cultivable bacteria in periodontitis and non-periodontitis
patients has demonstrated statistically significant dif-
ferences between Albanian and Spanish patients, with
higher total anaerobic counts in Albania and higher pro-
portions of cultivable bacteria of F nucleatum in Spain.
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