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The aim of this study was to characterize the main periodontal bacterial species in Down syndrome (DS) pa-
tients with and without periodontitis. Method:  This cross-sectional study involved 75 DS patients, 45 with and 
30 without periodontitis. Informed consent, health and dental questionnaires and periodontitis diagnosis were 
performed. PCR and LAMP assays were performed on subgingival dental plaque sample. Results:  Tannerella 
forsythia was the most frequent bacteria detected in the group with and without periodontitis (95.5 and 63.3%) 
followed by Treponema denticola (88.8 and 50%) and Porphyromonas gingivalis (53.3 and 25% respectively). 
There were statistical differences between groups (p<0.05). Pg fimA type I was the most frequent Porphyromonas 
gingivalis genotype. Two different sets o primers (Aa-F/Aa-R and ltx3/ltx4) were used to detect Aggregatibacter 
actinomycetemcomitans and different frequencies were obtained, (68% and 14.6% respectively), they had a weak 
correlation (Cohen Kappa=0.16). After sequencing of PCR products, ltx3/ltx4 showed more specificity. JP2 clone 
of A. actinomycetemcomitans was not detected in any sample. Conclusions: The composition of oral biofilm is fun-
damental for the development of periodontal disease independently of immunological alterations associated with 
DS. The frequency of detection of A. actinomycetemcomitans reported in the literature has a wide range, because 
the primers and probes applied.
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INTRODUCTION

Down syndrome (DS) is a genetic disorder, characterized 
by retarded generalized growth and mental deficiencies 
and different systemic manifestations, such as cardiovas-

cular, auditive, visual and immunological disorders.1,2 They show 
distinctive oral features such as: protrusive tongue, hipodontia, 
microdontia, hypoplastic defects, and high incidence of severe, 

early-onset periodontal disease.3-5 DS patients show a severe peri-
odontal breakdown similar to aggressive periodontitis; however, the 
etiology of this condition is not fully understood, and the immuno-
logical component is believed to be as the most important factor.1 
The quantitative and qualitative composition of oral biofilm are 
considered the main etiological factor in periodontal disease, in DS 
patients, the quality of periodontal biofilm has not been explored 
deeply.6 

Aggregatibacter actinomycetemcomitans is considered a main 
pathological agent for aggressive periodontitis, this gram-nega-
tive microorganism produces a leukotoxin that leads to aggressive 
periodontal tissue destruction.7 A particular variant of A. actinomy-
cetemcomitans, termed the JP2 clone is strongly associated with 
severe aggressive periodontitis. This clone has a deletion in the 530 
bp promoter region of the ltx operon encoding the leucotoxin, and 
it translates a more efficient toxin, the main virulence factor of A. 
actinomycetemcomitans.8

On the other hand, Porphyromonas gingivalis has been consid-
ered as the main species associated with chronic periodontitis. It 
has been reported that extentions from the cell wall named fimbriae 
promote initial biofilm development and allow adhesion to peri-
odontal tissues.9 An association between specific alleles of the fimA 
gene encoding the structural subunit of fimbriae and severe peri-
odontitis has been reported.10,11 Other species, such as Treponema 
denticola, Tannerella forsythia, together with P. gingivalis, consti-
tute the red complex; this consortium of bacteria has been associ-
ated with destructive periodontitis, and it leads to development of 
more severe clinical signs of periodontitis.12 The aim of this study 
was to characterize the main periodontal bacterial species in Down 
syndrome patients with and without periodontitis.
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MATERIALS AND METHOD
This cross-sectional study involved 75 subjects with DS, 45 of them 
with periodontitis and 30 without periodontitis, all of them living 
in San Luis Potosi (northern-central region), Mexico. Subjects 
were recruited from the Oral Medicine Clinic of San Luis Potosi 
University. Subjects completed a health questionnaire that included 
information about systemic health and periodontal status. Informed 
and voluntary written consent from the tutor of the patients was 
obtained prior to clinical examination according to the ethical prin-
ciples of declaration of Helsinki (Version 2008). Subjects involved 
in this study were cooperative males and females with permanent 
dentition. Patients with antibiotic therapy in three months prior to 
the study were excluded. 

Diagnosis of periodontitis
Periodontitis was determined by a calibrated examiner measuring 
pocket depth and clinical attachment level indexes.13 These indexes 
were obtained by using a Michigan periodontal probe (Hu-Friedy 
Instrument Co, Chicago, IL, USA). The probe was inserted parallel 
to teeth long axis and crossed each tooth’s surface circumferentially 
and clinical attachment loss index was measured from the epithelial 
attachment to the cement-enamel junction. The diagnosis of peri-
odontitis was determined when the pocket depth was ≥ 3 mm and 
the attachment loss was ≥ 2 mm in at least 10 sites measured.14

Subgingival plaque sample
After cleaning of tooth crown with a sterile sponge, subgingival plaque 
samples were collected from all the present teeth with a Gracey curette 
from the vestibular, mesial, palatine and distal sulcus and placed into 
an eppendorf tube with 1 ml of Phosphate Buffer Saline. The samples 
were divided into anterior and posterior teeth. Each sample was taken 
2 hours after the last meal and tooth brushing.14 Samples were stored 
at -40°C, until the assays were carried out.

DNA extraction and PCR
All samples were processed aseptically to prevent contamination 
from environment and during DNA extraction method and PCR 
assays. DNA extraction was performed in accordance to previous 
report.15 PCR assay was carried out in 25 µl of a reaction mixture 
containing 1 U Taq DNA Polymerase (Roche, Indianapolis, IN, 
USA), 0.3 µM of oligonucleotides, 0.2 mM of dNTP´s, 1.5 mM of 
MgCl2 and 10 ng of DNA template. Specific primers for each peri-
odontal species and genotypes of P. gingivalis used in the study were 
reported previously.11,16,19 For A. actinomycetemcomitans detection, 
two different set of primers were used: Aa-F/Aa-R20 and ltx3/
ltx4.21 PCR reactions were performed in a thermal cycler (iCycler, 
BIO-RAD laboratories, Hercules, CA, USA) with the cycling 
parameters previously reported according to each set of primers. A 
positive control was included in each PCR set by using DNA of the 
following bacterial strains: P. gingivalis (ATCC 33277 and 53997) 
T. forsythia (ATCC 43037), A. actinomycetemcomitans (ATCC 
29523 and JP2), T. denticola (ATCC 35405). A negative control was 
also included in each PCR assay. The PCR products were analyzed 
by electrophoresis in a 2% agarose gel using Tris-acetate-EDTA 
buffer, using a 100-bp DNA ladder marker (New England Biolab, 
Beverly, MA, USA) to estimate the molecular size. Each gel was 
stained with ethidium bromide (0.5µg/ml) and photographed under 
UV light (Chemi Doc, BIO-RAD laboratories, Hercules, CA, USA).

Detection of the JP2 clone of A. actinomycetemco-
mitans with LAMP Method
When samples were positive for A. actinomycetemcomitans by 
PCR, the presence of JP2 clone of A. actinomycetemcomitans was 
determined by loop mediated amplification method (LAMP). The 
LAMP reaction was performed in a master mix of 25 µl containing 
1.6 µM each of the primers FIP and BIP, 0.2 µM of primers F3 and 
B3, 0.4 µM of primers LF and LB, 8 U of the Bst DNA polymerase 
large fragment (New England Biolabs, Ipswich, Massachusetts), 
1.4 mM each of the four deoxynucleoside triphosphates, 0.8 M 
betaine (Sigma, St. Louis, MO, USA), 20 mM Tris-HCl (pH 8.8), 
10 mM KCl, 10 mM (NH4)2SO4, 8 mM MgSO4, 0.1% Tween 20, 
and template DNA in a volume of up to 5 µl.22 The mixture was 
incubated at 63°C for 60 min and then heated at 80°C for 2 min to 
terminate the reaction. Samples were considered positive when a 
white precipitate was detected by visual inspection and/or an ampli-
fication product was observed by electrophoresis in a 2% agarose 
gel stained with ethidium bromide.

Sequencing of PCR products for A. actino-
mycetemcomitans with two different sets of primers
PCR products obtained with ltx3/ltx4 and Aa-F/Aa-R primers were 
purified with a commercial kit, (NucleoSpin Extract II, Mach-
erey Nagel Düren, Germany), and sequenced using the Big Dye 
Terminator method (Applied Biosystems, Applera, France). The 
thermocycling protocol was: 96°C for 5 min followed by 25 cycles 
of 96°C for 30 sec, 59°C for 15 sec, and 60°C for 4 min. DNA 
was precipitated with isopropanol and analyzed on an ABI Prism 
3700 DNA Analyser automated sequencer (Applied Biosystems, 
Applera, France). The DNA sequences were compared with known 
sequences included in the NCBI database and aligned by BLAST 
program (http://www.ncbi.nlm.nih.gov/BLAST).

Statistical Analysis
The examiner was calibrated in all variables with an expert in peri-
odontology through intraclass correlation coefficient. All data are 
expressed as mean, standard deviation and range. Qualitative data are 
expressed as frequency and proportion. A Levene and Shapiro Wilk 
tests were used to know the variables distribution. To detect statistical 
differences in detection of periodontal bacterial DNA between groups 
in quantitative variables the Mann-Whitney U test and for qualitative 
samples Chi-square test were used. For the correlation in the use of 
different primers a Cohen Kappa test was used. JMP program version 
9.0 (SAS Institute, Cary, NC, USA)  and Stata version 11.0 (Stata 
Corp LP, College Station, TX, USA) were used for statistical analysis. 
Statistical significance was set at α = 0.05.

RESULTS
The inter-observer and intra-observer reproducibility regarding 
the diagnosis of periodontitis (probing depth and attachment 
loss indexes) were analyzed by intraclass correlation coefficient 
obtaining 0.90.

The mean age of the DS patients with periodontitis was:  24.7 ± 
7.7 years (30 males and 15 females). In the group without periodon-
titis the mean age was 21 ± 4.3 years (17 males and 13 females). In 
age and gender, there were no statistical differences between the two 
groups (p > 0.05).
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tive samples for A. actinomycetemcomitans using Aa-F and Aa-R 
primers, which amplify part of the 16S rRNA gene, was 75.5% in 
the group with periodontitis and 56.6% in the group without peri-
odontitis, there was significant statistical differences (p=0.0455). On 
the other hand, the frequency obtained with ltx3/ltx4 primers which 
amplify part of the ltx promoter region, was 17.7% in the group with 
periodontitis and 10% in the group without periodontitis. No statis-
tically significant difference was found between groups (p=0.3509). 
No one of the samples positive for A. actinomycetemcomitans showed 
presence of the JP2 clone by PCR or LAMP methods.

Detection of bacterial combinations (table 2)
In the group with periodontitis, the most frequent bacterial combina-
tion identified was the presence of the red complex (P. gingivalis, T. 
forsythia, T. denticola) representing 46.7% of the patients, the oppo-
site scenario was found in the group without periodontitis where 
only 16.7% showed the presence of the combination of the three 
bacterial species of the red complex. In the group without periodon-
titis the most frequent combination was when the three species were 
absent (20%) or only T. forsythia was present (20%). The deepest 
probing depth (>4 mm) in the group with periodontitis was obtained 
when A. actinomycetemcomitans was present in the combinations. 
In the group without periodontitis the deepest measure was obtained 
when the red complex was present (2.2 mm).

Periodontal status (table 1)
The mean probing depth in the group with periodontitis was 3.6 ±1.0 
mm, and the upper posterior teeth were the most affected (3.8 ± 0.9 
mm). In the group without periodontitis the mean probing depth was 
2.0 ± 0.3 mm. Regarding the attachment level, in the group with peri-
odontitis the mean was 4.1 ± 1.1 mm, the upper posterior teeth were 
the most affected with a mean of 4.4 ± 1.0 mm, on the other hand, 
the group without periodontitis, showed a mean attachment level of 0.8 
±1.0 mm. In both variables there was statistical differences between 
groups (p<0.05). The frequency of tooth loss in the group without peri-
odontitis was 1.1 ± 1.8 lost teeth and in the periodontitis group was 
3.0 ± 2.4 being the posterior teeth the most frequently absent (1.3 lost 
teeth). There were statistical differences between groups (p < 0.05). 

Detection of periodontal bacterial DNA by PCR 
assay (table 2)
PCR performed on subgingival dental plaque samples was used to 
assay for the presence of P. gingivalis, P. gingivalis fimA genotypes, 
T. forsythia, T. denticola and A. actinomycetemcomitans.The species 
most frequently detected in both groups were T. forsythia (95.5% and 
63.3% respectively), followed by T. denticola (88.8%, 50%) and P. 
gingivalis (53.3%, 26.6%). A significant statistical difference between 
groups for these species was found (p < 0.05). The frequency of posi-

Group
Probing depth* (mm)  Attachment level** (mm) Tooth loss*** (teeth number)

͞x SD Range  ͞x SD Range  ͞x SD Range

Without Periodontitis n=30 2.0 0.3 1.3-3.1 0.8 1.0 1.3-2.1 1.1 1.8 0-6

With Periodontitis n=45 3.6 1.0 2.1-6.3 4.1 1.1 2.5-7.4 3.0 2.4 0-10

   Upper anterior teeth 3.4 1.0 1.8-6.2 4.0 1.2 2.4-7.2 0.3 0.7 0-3

   Lower anterior teeth 3.3 1.3 1.5-6.8 3.9 1.4 2.1-7.9 0.1 0.7 0-5

   Upper posterior teeth 3.8 0.9 2.2-6.0 4.4 1.0 2.4-6.8 1.3 1.2 0-5

   Lower posterior teeth 3.5 1.0 1.4-6.4 4.1 1.1 2.1-7.5 1.3 1.0 0-4

*p<0.0001, **p<0.0001, ***p<0.0003 Mann-Whitney U test. SD: Standard deviation

Table 1. 	Periodontal status of Down syndrome patients

Species
With periodontitis Probing Depth Without periodontitis Probing Depth

P*
Frequency (%) mean ±SD Frequency (%) mean ±SD

Tannerella forsythia 43 (95.5) 3.6 ±1.0 19 (63.3) 2.2 ±0.3 0.0008

Treponema denticola 40 (88.8) 3.7 ±1.0 15 (50) 2.1 ±0.4 <.001

Porphyromonas gingivalis 24 (53.3) 3.6 ±0.9 8 (26.6) 1.9 ±0.3 0.0097

Aa (Aa-F/Aa-R primers**) 34 (75.5) 3.8 ±1.1 17 (56.6) 1.9 ±0.2 0.0455

Aa (ltx3/ltx4 primers***) 8 (17.7) 4.3 ± 1.1 3 (10) 2.0 ±1.1 0.3509

Aa JP2 clone (PCR and LAMP) 0 - 0 -

Red complex (Pg, Td, Tf) 21(46.7) 3.5 ±1.0 5 (16.7) 2.2 ±0.3

Td – Tf 10 (22.2) 3.5 ±1.0 5 (16.7) 1.9 ±0.4

Td – Tf – Aa 6 (13.3) 4.3 ±1.2 0 -

Tf 4 (8.9) 2.9 ±0.6 6 (20) 1.8 ±0.7

Pg – Tf – Td – Aa  2 (4.4) 4.2 ±0.4 0 -

Negative to all species 0 0 6 (20) 2.0 ±0.3

Td 0 0 3 (10) 2.2 ±0.8

Other combinations 2 (4.4) - 5 (16.7) -
*Chi-square, SD: Standard deviation, Pg: Porphyromonas gingivalis, Td: Treponema denticola, Tf: Tannerella forsythia, 
Aa: Aggregatibacter actinomycetemcomitans. **Conrads et al, 1996, ***Poulsen et al, 2003

Table 2. 	Detection of periodontal bacteria in Down syndrome patients
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Genotyping of Porphyromonas gingivalis (table 3)
PCR was used to type the fimA gene in the samples positive for 
P. gingivalis. Some samples were positive for multiple fimA alleles 
indicating that various genotypes of P. gingivalis were present. 
Among the 24 (53.3%) positive samples to P. gingivalis in the group 
with periodontitis, Pg fimA type I represented 75%, as the most 
frequent genotype detected, followed by Pg fimA type II detected in 
54.1%. On the other hand, in the group without periodontitis, from 
the 8 (26.6%) positive subjects to Pg, 75% were Pg fimA type II 
positive followed by Pg fimA type II and IV (37.5%). However the 
deepest probing depth in both groups was found in the presence of 
Pg fimA type Ib (4.2 mm and 2.5 mm, in groups with and without 
periodontitis, respectively).

The profile most frequently detected in the group with periodon-
titis was the presence of Pg fimA type I alone (33.3%). In the group 
without periodontitis the most frequent profiles were the presence 
of Pg fimA type II alone (25%) and the combination of Pg fimA 
type I-Ib-II and the combination II-IV (25%). The highest probing 
depth in both groups was detected in the combination Pg fimA I-Ib-II 
(5.3 mm in the periodontitis group, 2.5 mm in the group without 
periodontitis).

Sequencing of PCR products identified by different 
primers (table 4)
When Aa-F/Aa-R primers were used to detect A. actinomycetem-
comitans, it was obtained a frequency of 51 (68%) positive samples 
in the 75 Down syndrome patients. On the other hand, the frequency 
of positive samples obtained with ltx3/ltx4 primers was 11 (14.6%). 
There was significant statistical difference (p=0.0001). There was 
inconsistency in 40 of 75 samples, all of them were positive with 

Aa-F/Aa-R primers and negative with ltx3/ltx4 primers. The Aa-F/
Aa-R PCR amplicons from 10 of these samples along with 10 
samples where the two PCR methods agreed were sequenced. The 
obtained 16S rRNA sequences were used to search in GenBank and 
were aligned using the BLAST program. The results demonstrated 
that the Aa-F/Aa-R primers were not specific for detection of A. 
actinomycetemcomitans. PCR products from samples positive with 
Aa-F/Aa-R primers and negative with ltx3/ltx4 showed low sequence 
homology with A. actinomycetemcomitans. In contrast, among these 
samples four showed 99% sequence similarity to Haemophilus 
genomospecies P3 oral cloneMB3_38, three showed 99% sequence 
similarity to uncultured bacterium clone E53-98, one showed 99% 
similarity to Peptostreptococcus sp. Oral clone BP1-73, and one was 
98% similar to uncultured bacterium clone Ax3_313. On the other 
hand, the sequences of the amplicons from samples positive in the 
ltx3/ltx4 PCR were identical to those of A. actinomycetemcomitans. 
Thus, the 40 samples that showed inconsistency between the two 
primer sets used for detection of A. actinomycetemcomitans were 
considered false positives. Statistical analysis for detection of the 
correlation between both primers showed a weak correlation (Cohen 
Kappa= 0.16).

DISCUSSION
Down syndrome is a genetic alteration with clinical features such 
as oral, facial, cardiovascular and immunological disturbances. 
Periodontal disease has a high prevalence in early stages in DS 
patients. It affects about 92% of young population and 96% before 
30 years.23,24 This fact have been associated with some factors such 
as immunological deficiency, poor oral hygiene, fragile periodontal 
tissue, early senescence, poor masticatory function and mouth 

Genotype
With periodontitis n=24 Without periodontitis n=8

Frequency (%) PD (mm) Frequency (%) PD (mm)

I    18 (75%) 3.7 3 (37.5%) 2.3

Ib 3 (12.5%) 4.2 2 (25%) 2.5

II 13 (54.1%) 3.4 6 (75%) 2.3

III 2 (8.3%) 3.1 0 -

IV 4 (16.6%) 3.2 3 (37.5%) 2.0

V 0 - 0 -

Pg genotypes profiles

I 8 (33.3%) 3.7 1 (12.5%) 2.0

Ib 1 (4.2%) 3.4 0 0

II 1 (4.2%) 2.8 2 (25%) 2.1

II-IV 2 (8.3%) 3.3 2 (25%) 2.0

II-III 1 (4.2%) 3.3 0 -

II-III- IV 1 (4.2%) 3.3 0 -

I-1b-II 1 (4.2%) 5.3 2 (25%) 2.5

I - Ib 1 (4.2%) 3.4 0 -

I -II 7 (29.2%) 2.9 0 2.3

I-IV 1 (4.2%) 3.2 0 -

IV 0 - 1 (12.5%) 1.8

*p<0.05 Chi-square test. PD: Mean of Probing depth in millimeters.	

Table 3. 	Genotyping of Porphyromonas gingivalis
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breathing but the microbiological aspect have been not explored 
extensively. A. actinomycetemcomitans has been considered as the 
main species responsible of aggressive periodontitis and the pattern 
of periodontitis observed in DS patients is very similar to this type 
of disease but in the classification of periodontal disease from AAP 
(1999).25 The condition affecting DS subjects is classified as peri-
odontitis associated with systemic diseases. The 75 DS patients with 
(45) and without (30) periodontitis included in the present study had 
a mean age of 24.7 and 21 years old respectively and the most of 
subjects studied were males, (66.6% and 56.6% respectively), this 
finding is in accordance with the suggestion that DS affects more 
males than females with a gender ratio of about 1.42.26

Regarding periodontal status, in the group without periodon-
titis the mean probing depth was 2.0 mm, and the attachment level 
was 0.8 mm, this finding is in accordance with healthy periodontal 
tissues parameters. On the other side, in the group with periodontitis 
the mean probing depth was 3.6 mm for all tooth surfaces but when 
the deepest pocket of each tooth was measured, the mean was 4.35 
mm. It has been reported a pocket depth of 6 mm but the mean age 
of the patients included was 38 years old, the difference in age of 
samples could explain the difference.24 The most affected teeth were 
the upper molars, they showed the highest pocket depth (3.8 mm), 
highest attachment loss (4.4 mm) and they were the most frequently 
absent teeth (1.35 lost teeth).

In respect of the composition of periodontal biofilm in the group 
with and without periodontitis, the bacterial species most frequently 
detected was T. forsythia (95.5%, 63.3%), followed by T. denticola 
(88.8%, 50%) and P. gingivalis (53.3%, 26.6% respectively); these 
bacteria are associated with chronic periodontitis. Since these three 
bacterial species of the red complex showed statistical difference 
between groups, these findings indicate that the presence of these 
species are determinant for periodontal disease development 
in accordance with a previous report in DS subjects at the same 
group of age.6 They obtained a percentage of detection of 89.7%, 

for T. forsythia, 53.8% for T. denticola and 76.9% for P. gingivalis. 
The sets of primers used in this study were the same except for T. 
denticola.

For detection of A. actinomycetemcomitans, the main peri-
odontal pathogen associated with aggressive periodontitis, two 
different sets of primers were used, Aa-F/Aa-R and ltx3/ltx4.20,21,26 
There are studies in healthy and DS patients reporting different 
frequencies of detection of A. actinomycetemcomitans with PCR 
from 17 to 82%.6,11,28 In the present study, the frequency obtained 
with Aa-F and Aa-R was 75.5% in the group with periodontitis, 
and 56.6% in the group without periodontitis, there was statistical 
difference between groups. This finding is similar to A. actinomyce-
temcomitans frequency (82.1%) in a previous report in a group of 
DS patients with periodontitis with similar age (25.4 years old) and 
using the same set of primers.6 However when ltx3 and ltx4 primers 
were used, the positive samples to A. actinomycetemcomitans in the 
group with periodontitis were 17.7% and 10% in the group without 
periodontitis; there was not statistical difference.

There was an inconsistency in 40 of the 75 samples showing 
a weak correlation between both set of primers. Therefore, it was 
decided to sequence the PCR products from 10 samples.  There 
was not homology with A. actinomycetemcomitans genome when 
Aa-F and Aa-R primers were used, 4 samples had a 99% homology 
with Haemophilus species, 4 samples corresponded to uncultured 
bacteria, and 1 showed homology with Peptostreptococcus species. 
On the other side, the PCR products obtained with ltx3 and ltx4 for 
the 10 samples had a 100% homology with Actinobacillus actino-
mycetemcomitans genome (now named Aggregatibacter actinomy-
cetemcomitans). Therefore we could suggest that ltx3/ltx4 are more 
specific to detect A. actinomycetemcomitans than Aa-R/Aa-R. This 
finding explains the difference of isolation frequency in the different 
clinical studies reported.6,11 

The presence of JP2 clone of A. actinomycetemcomitans was 
also investigated, it is a member of a particular clonal lineage that 

Primers Frequency (%) n=75 P*
Aa-F/Aa-R 51 (68%) 0.0001

ltx3/ltx4 11 (14.6%)

Correlation ** 0.16

Sequencing with Big Dye method, Alignment with BLAST program

Aa-F/Aa-R PCR products
Sample Species*** Access number Homology
1 Peptostreptococcus sp. Oral clone BP1-73 gene for 16S ribosomal RNA >dbj|AB121857.1 99%

2,4,5,9 Haemophilus genomosp. P3 oral clone MB3_C38 16S ribosomal RNA gene >gb|DQ003635.1| 99%

3,7,8 Uncultured bacterium clone E53-98 16S ribosomal RNA gene >gb|DQ639550.1| 99%

6 Uncultured bacterium clone Ax3_313 16S small subunit ribosomal RNA gene. >gb|EU762966.1| 98%

ltx3 and ltx4 PCR products
11-20 Uncultured actinobacillus sp. Partial 16SrRNA gen, clone 603007 (oral) >emb|AM420240.1| 100%

Actinobacillus actinomycetemcomitans strain ATCC 43718 16S ribosomal 
RNA gene

>gb|AY362884.1| 100%

Actinobacillus actinomycetemcomitans 16S small subunit ribosomal RNA gen
>gb|M75035,1|ACN

RRNAN
100%

*Chi-square test **Cohen Kappa ***Species with the best homology 

Table 4.	 Correlation between different primers for detection of Aa.
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shows a 530 bp deletion in the promoter region of the ltx operon 
resulting in enhanced production of leucotoxin, the main virulence 
factor of A. actinomycetemcomitans. Therefore, JP2 clone is very 
aggressive, it has been isolated only from patients with aggressive 
periodontitis of West and Northwest African descent, including both 
Africans and Arabs.8 Since the periodontitis affects to DS patients 
and had similar clinical parameters to aggressive periodontitis, the 
identification of JP2 clone was included in this study. LAMP method 
is very sensitive, simple and low-technology method for detection 
of JP2 clone of A. actinomycetemcomitans; however we did not 
obtained any positive sample by both PCR and LAMP methods.

The most frequent combination in the group with periodontitis 
was the presence of the three species of red complex (P. gingivalis, 
T. forsythia, T. denticola), the opposite scenario was found in the 
group without periodontitis where the three species (20%) of the 
red complex were absent or only the presence of T. forsythia (20%) 
was detected. In the group without periodontitis the deepest measure 
was obtained only when the red complex was present (2.23 mm), 
confirming that the red complex is the main bacterial group involved in 
periodontal disease development in DS patients. When the frequency 
of P. gingivalis and A. actinomycetemcomitans were compared, there 
were statistical differences (p<0.05). This finding could suggest that 
P. gingivalis have a more important role in the initial development 
of periodontitis in DS patients than A. actinomycetemcomitans. It is 
important to notice that the deepest probing depth (>4 mm) in the 
group with periodontitis was obtained when A. actinomycetemcomi-
tans was present in the combination, therefore A. actinomycetemcom-
itans could be associated with periodontitis severity.

There are six different genotypes of P. gingivalis based in fimA 
gen (I-V and Ib), from the 24 (53.3%) positive Down syndrome 
subjects to P. gingivalis in the group with periodontitis: Pg fimA 
type I (75%), was the most frequent genotype detected, followed by 
Pg fimA type II. On the other hand in the group without periodon-
titis, 8 (26.6%) subjects were positive to Pg, most of the samples 
(75%) were positive to Pg fimA type II. These results were different 
to data obtained in a previous study where Pg fimA II was detected 
in 46% of DS patients with periodontitis and in 14.3% of without 
periodontitis DS patients.6 The sample size of positive patients 
to Pg mainly in the group without periodontitis was small. Some 
reports had affirmed that Pg fimA type II is closely associated with 
periodontitis development and Pg fimA type I with healthy peri-
odontal tissues; However, in this study Pg fimA type I was the most 
prevalent genotype in periodontitis samples, which suggest that the 
impairment of the immune system play a role in the severity of DS 
periodontitis. Similar findings were found in patients affected by 
Diabetes Mellitus.14 

In combination, the profile most frequently detected in the group 
with periodontitis was the presence of Pg fimA type I alone (33.3%) 
and the combination of types I-II (29.2%) on the other side, in the 
group without periodontitis were combinations includind Pg fimA 
type II. The deepest probing depth in both groups was detected in 
the combination Pg fimA I-Ib-II (5.3 mm in the periodontitis group, 
2.5 mm in the group without periodontitis).

CONCLUSIONS
Results suggest that the composition of oral biofilm is fundamental 
for the development of periodontal disease independently of immu-
nological alterations associated with Down syndrome, because 

there were statistical differences in the three species that conform 
the periodontal bacterial red complex. In spite of the clinical pattern 
of periodontitis in DS patients is similar to the aggressive type, 
Porphyromonas gingivalis more closely related with periodontitis 
than A. actinomycetemcomitans, but the presence of A.actinomyce-
temcomitans could be associated with higher severity of the disease. 
JP2 clone of A. actinomycetemcomitans was not present in this 
group of Mexican DS patients. The frequency of detection of A. 
actinomycetemcomitans reported in the literature has a wide range, 
because the method used, specially the primers and probes applied 
when A. actinomycetemcomitans is identified by PCR and other 
molecular assays

Acknowledgements
This investigation was supported by FMSLP-2012.CO1-87090, 
PIFI-2012-24MSU0011E-12-02, 12-03, UASLP-FAI (Grant 
Numbers: CO6-FAI 03/5.8, and CO6-FAI12-7.44).

REFERENCES
1.	 Desai SS. Down´s syndrome: a review of the literature. Oral Surg Oral 

Med Oral Pathol Oral Radiol Endod, 84: 279-285, 1997.
2.	 Amano A, Murakami J, Akiyama S, Morisaki I. Etiologic factors of 

early-onset periodontal disease in Down syndrome. Jpn Dent Sci Rev, 44: 
118-127, 2008.

3.	 Fiske J, Shafik HH. Down´s Syndrome and Oral Care. Dent Update, 28: 
148-156, 2001.

4.	 López-Pérez R, Borges-Yañez SA, Jiménez-García G, Maupomé G. Oral 
higiene, gingivitis, and periodontitis in persons with Down syndrome. Spec 
Care Dentist, 22: 214-220, 2002.

5.	 Amaral-Loureiro AC, Oliveira-Costa F, Eustáquio-da Costa J. The impact 
of periodontal disease on the quality of life of individuals with Down 
syndrome. Downs Syndr Res Pract, 12: 50-54, 2007.

6.	 Amano A, Kishima T, Akiyama S, Nakawaga I, Hamada S, Morisaki I. 
Relationship of periodontopathic bacteria with early-onset periodontitis in 
Down´s Syndrome. J Periodontol, 72: 368-373, 2001.

7.	 Kachlany SC. Aggregatibacter actinomycetemcomitans Leukotoxin: from 
Threat to Therapy. J Dent Res, 89: 561-570, 2010.

8.	 Haubek D, Ennibi OK, Poulsen K, Benzarti N, Baelum V. The highly leuko-
toxic JP2 clone of Actinobacillus actinomycetemcomitans and progression 
of periodontal attachment loss. J Dent Res, 83: 767-770, 2004.

9.	 Kuboniwa M, Amano A, Hashino E, Yamamoto Y, Inaba H, Hamada N, et 
al. Distinct roles of long/short fimbriae and gingipains in homotypic biofilm 
development by Porphyromonas gingivalis. BMC microbiol, 9: 105, 2009.

10.	 Amano A, Nakawaga I, Kataoka K, Morisaki I, Hamada S. Distribution 
of Porphyromonas gingivalis strains with fimA genotypes in periodontitis 
patients. J Clin Microbiol, 37: 1426-1430, 1999.

11.	 Amano A, Kuboniwa M, Nakagawa I, Akiyama S, Morisaki I, Hamada S. 
Prevalence of specific genotypes of Porphyromonas gingivalis fimA and 
periodontal health status. J Dent Res, 79: 1664-1668, 2000.

12.	  Socransky SS, Haffajee AD. Periodontal microbial ecology. Periodontol 
2000. 38: 135-187, 2005.

13.	 Rodríguez-Martínez M, Patiño-Marín N, Loyola-Rodríguez JP, Brito-Orta 
MD. Gingivitis and periodontitis as antagonistic modulators of gingival 
perfusion. J Periodontol, 77: 1643-1650, 2006.

14.	 Davila-Perez C, Amano A, Alpuche-Solis AG, Patiño-Marin N, Ponti-
go-Loyola AP, Hamada S, Loyola-Rodriguez JP. Distribution of genotypes 
of Porphyromonas gingivalis in type 2 diabetic patients with periodontitis 
in Mexico. J Clin Periodontol, 34: 25-30, 2007.

15.	 Martinez-Martinez RE, Abud-Mendoza C, Patiño-Marin N, Rizo-Rodrí-
guez JC, Little JW, Loyola-Rodríguez JP. Detection of periodontal bacterial 
DNA in serum and synovial fluid in refractory rheumatoid arthritis patients. 
J Clin Periodontol, 36: 1004-1010, 2009.

16.	 Tran SD, Rudney JD. Multiplex PCR using conserved and species-specific 
16S rRNA gene primers for simultaneous detection of Actinobacillus acti-
nomycetemcomitans and Porphyromonas gingivalis. J Clin Microbiol, 34: 
2674–2678, 1996.

D
ow

nloaded from
 http://m

eridian.allenpress.com
/jcpd/article-pdf/37/3/289/1748475/jcpd_37_3_d70710016518p58n.pdf by Bharati Vidyapeeth D

ental C
ollege & H

ospital user on 25 June 2022



Characterization of Periodontal Biofilm in Down Syndrome Patients: A Comparative Study

The Journal of Clinical Pediatric Dentistry     Volume 37, Number 3/2013	 295

17.	 Ashimoto A, Chen C, Bakker I, Slots J. Polymerase chain reaction detec-
tion of 8 putative periodontal pathogens in subgingival plaque of gingivitis 
and advanced periodontitis lesions. Oral Microbiol Immunol, 11: 266–273, 
1996.

18.	 Stubbs S, Park SF, Bishop PA, Lewis MA. Direct detection of Prevotella 
intermedia and P. nigrescens in suppurative oral infection by amplification 
of 16S rRNA gene. J Med Microbiol, 48: 1017–1022, 1999.

19.	 Nakawaga I, Amano A, Kimura RK, Nakamura T, Kawabata S, Hamada S. 
Distribution and molecular characterization of Porphyromonas gingivalis 
carrying a new type of fimA gene. J Clin Microbiol, 38: 1909-1914, 2000.

20.	 Conrads G, Mutters R, Fischer J, Brauner A, Lütticken R, Lampert F. 
PCR reaction and dot-blot hybridization to monitor the distribution of oral 
pathogens within plaque samples of periodontally healthy individuals. J 
Periodontol, 67: 994-1003, 1996.

21.	 Poulsen K, Ennibi OK, Haubek D. Improved PCR for detection of the 
highly leukotoxic JP2 clone of Actinobacillus actinomycetemcomitans in 
subgingival plaque samples. J Clin Microbiol, 41: 4829-4832, 2003.

22.	 Seki M, Poulsen K, Haubek D, Kilian M. Novel Loop-Mediated Isothermal 
Amplification Method for Detection of the JP2 Clone of Aggregatibacter 
actinomycetemcomitans in Subgingival Plaque. J Clin Microbiol, 46: 
1113-1115, 2008.

23.	 Barnett ML, Press KP, Friedman D, Sonnenberg EM. The prevalence of 
periodontitis and dental caries in a Down’s syndrome population. J Peri-
odontol, 57: 288-293, 1986.

24.	 Reuland-Bosma W, Van der Reijden WA, Van Winkelhoff AJ. Absence of 
a specific subgingival microflora in adults with Down’s syndrome. J Clin 
Periodontol, 28: 1004-1009, 2001.

25.	 1999 International Workshop for a Classification of Periodontal Diseases 
and Conditions. Papers. Oak Brook, Illinois, October 30-November 2, 
1999. Ann Periodontol, 4:i, 1-112, 1999.

26.	 Chen BY, Hwang BF, Guo YL. Epidemiology of congenital anomalies in 
a population-based birth registry in Taiwan. J Formos Med Assoc, 108: 
460-468, 2009.

27.	 Zambon JJ, Umemoto T, De Nardin E, Nakazawa F, Christersson LA, 
Genco RJ. Actinobacillus actinomycetemcomitans in the pathogenesis of 
human periodontal disease. Adv Dent Res, 2: 269-274, 1988.

28.	 Barr-Agholme M, Dahllöf G, Linder L, Modéer T. Actinobacillus acti-
nomycetemcomitans, Capnocytophaga and Porphyromonas gingivalis in 
subgingival plaque of adolescents with Down’s syndrome. Oral Microbiol 
Immunol, 7: 244-248, 1997.

D
ow

nloaded from
 http://m

eridian.allenpress.com
/jcpd/article-pdf/37/3/289/1748475/jcpd_37_3_d70710016518p58n.pdf by Bharati Vidyapeeth D

ental C
ollege & H

ospital user on 25 June 2022



Characterization of Periodontal Biofilm in Down Syndrome Patients: A Comparative Study

296	 The Journal of Clinical Pediatric Dentistry     Volume 37, Number 3/2013

D
ow

nloaded from
 http://m

eridian.allenpress.com
/jcpd/article-pdf/37/3/289/1748475/jcpd_37_3_d70710016518p58n.pdf by Bharati Vidyapeeth D

ental C
ollege & H

ospital user on 25 June 2022


