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Abstract

Background: Enfamoeba gingivalis was the first commensal parasite detected in the oral cavity of
humans, and a high incidence has been reported in patients with poor oral hygiene. The current study
aimed to investigate the association of Entamoeba gingivalis with gingivitis and periodontitis among
Egyptian subjects. Methods: A total of 120 plaque samples were collected for this case-control study and
were divided as follows: 40 plaque samples from gingivitis patients (group 1), 40 from stage |l grade A
and B periodontitis patients (group 2), and 40 samples from healthy volunteers (group 3). Diagnosis of
parasitic stages relied on direct microscopic detection using permanent stains, trichrome stain, and
hematoxylin and eosin (H&E) stain, in addition to ocular micrometry to confirm the diagnosis. Results: The
occurrence of Entamoeba gingivalis within the gingivitis group was significantly higher (40%) than that
observed in the control group (22.5%), whereas the occurrence within the periodontitis group was 15%.
Samples from diseased subjects, regardless of immune status, were found to be moderately to severely
affected with numerous parasitic nests, in contrast to a moderate near mild occurrence that was recorded
in the healthy control group. Moreover, Entamoeba gingivalis occurrence was significantly higher (77.4%)
in subjects with bad oral hygiene. Conclusion: The results of the present study suggest a potential role
for the neglected oral parasitic Entamoeba gingivalis, especially the intensively multiplying forms, in the
pathogenesis of periodontal diseases. This certainly needs further elucidation on a larger scale to
explore the basis behind such multiplication, which may be related to genetic variation or may be
pathophysiological in origin.
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Introduction biofilms which form soft sticky dental plaques on

the teeth. These biofilms release different

Gingivitis and periodontitis are the two mostly immunogenic substances such as

frequent plaque-induced inflammatory lipopolysaccharides with other virulence factors

periodontal diseases influencing the which initiate an immuno-inflammatory response.

periodontium, yet the efiology is not strongly Consequently, inflammatory mediators including

evident. It is reported to be caused by microbial cytokines,  chemokines,  arachidonic acid
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metabolites, and proteolytic enzymes, jointly
participate in tissue and bone destruction.
Currently, there is enough evidence to suggest
an association of a group of local
microorganisms including Entamoeba gingivalis in
such  an oral pathological  condition.!:2
Accordingly, this data opens a scientific gate for
more research to explore the pathophysiology
of gingivitis and periodontitis, adopting another
point of view.

Entamoeba  gingivalis is a unique
Entamoeba species that often infects gingival
tissues. It is documented to be more common in
individuals with bad oral hygiene, as food
debris and bacteria serve as nutrition for this
parasite. Moreover, Enfamoeba gingivalis has
been detected in periodontal disease and in
conditions of immune suppression. It particularly
flourishes during suppurative inflammatory
reactions owing to their favor for anaerobic
settings. As Entamoeba gingivalis is similarly
present in the oral cavity of healthy subjects,
several authors consider this commensal to be
opportunistic. Thus, it can proliferate in a
gingival setting altered by periodontal
disease.!3

Studies  reported  that  Entamoeba
gingivalis contributes to the initiation and
progression of gingivitis and periodontitis. These
oral inflammatory conditions in turn, facilitate the
proliferation of Entamoeba gingivalis. This
endless loop may explain the occurrence of
Entamoeba gingivalis in the saliva and dental
plaque of gingivitis and periodontitis patients.4:5
Therefore, the aim of the present study was to
investigate the occurrence of Enfamoeba
gingivalis and its association with gingivitis and
periodontitis among Egyptian subjects.

Materials and Methods

The present study was registered at
ClinicalTrials.gov  (Identifier: NCT03805724).
The study was explained to the involved subjects
and signed written consents approved by the
research ethics committee were obtained.

l. Study Population

One hundred twenty subjects in total were
enrolled in this case-control study (50 females
and 70 males; age range: 35-55 years; mean
age of 401+5.25). The subjects were divided into
three groups: 40 patients who presented with
gingivitis (group 1), 40 patients who presented
with periodontitis (group 2), and 40 healthy
control volunteers (group 3). A detailed medical

history for each subject was obtained in
accordance with the modified Cornell Medical
Index.® Written consent was obtained from each
subject in accordance with the institutional
guidelines after clarifying the study.

Il. Exclusion Criteria

Individuals who received periodontal therapy in
the six months prior to recruitment, pregnant
females, and patients who had taken antibiotics
or any other medication in the three months prior
to recruitment were excluded from the present
study.

Ill. Clinical Examination

Gingivitis and periodontitis patients were
selected from the Outpatient’s Clinic of the
Department of Oral Medicine, Periodontology,
and Diagnosis at the Faculty of Dentistry,
Fayoum University. A clinical examination for all
patients was performed and included the
following periodontal parameters: plaque index
(P1), gingival index (Gl), probing depth (PD), and
clinical  attachment level (CAL). These
measurements were recorded by a single expert
examiner at six sites for all teeth (mesiobuccal,
midbuccal, distobuccal, distolingual, midlingual,
and mesiolingual). The plaque index was
assessed by measuring the presence or absence
of a supragingival biofilm with a sweeping
movement of the probe around the surfaces of
all teeth.” Marginal gingival bleeding was
assessed via the GI.8 Probing depth was
measured from the free-gingival margin to the
base of the periodontal pocket, and CAL was
measured from the cemento-enamel junction to
the base of the periodontal pocket.
Measurements were rounded to the nearest
whole millimeter using the Michigan O probe with
Williams’ markings.

lll. Categorization of Subjects

Subjects were categorized according to their
clinical examination. Dental plaque biofilm-
induced gingivitis patients (group 1) had
generalized gingivitis with an intact
periodontium and no CAL, no radiographic bone
loss, and bleeding on probing in more than 30%
of teeth according to Murakami et al.? Stage |l
grade A and B generalized periodontitis
patients (group 2) had PDs >3 mm and a CAL of
3-4 mm with more than 30% of teeth affected,
according to the 2017 World Workshop on the
Classification of Periodontal and Peri-Implant
Diseases and Conditions.'® The control group
(group 3) was selected from healthy subjects
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who attended the restorative dental clinic and
had a clinically healthy gingiva with a nearly
zero Pl and Gl, and a CAL and PD <3 mm.

IV. Sample Collection

Plaque samples were collected after carefully
drying and isolating the selected sites with cotton
rolls. Supragingival plaque samples were
collected using a periodontal probe in gingivitis
patients and healthy controls. For periodontitis
patients, sterile curettes were used to collect
plaque samples from the selected periodontal
pockets. Samples were immediately immersed in
sterile Eppendorf tubes containing polyvinyl
alcohol (PVA).

V. Parasitological Examination

The sample was diluted with PVA at room
temperature (25-28°C) and was stained with
trichrome according to El-Dardiry et al. and
hematoxylin and eosin (H&E) following the
procedures of Kim et al. .12 At least three
smears were stained for proper parasitological
examination, using x40 and oil immersion x100
magnifications. Entamoeba gingivalis parasites
were identified by their shape based on the
expansion of the pseudopodia and the presence
of vacuoles, inclusions, and its characteristic
nucleus.? The parasitic stages were measured in
accordance with Bailey et al.'3 Obijects seen
under the microscope were measured using an
eyepiece  (ocular) micrometer that was
calibrated against a stage micrometer in
combination with a specific objective lens. The
intensity of Entamoeba gingivalis occurrence was
calculated according to Maybodi et al. with
some modification.'# The parasitic stages were
counted during microscopic examination and the
severity of occurrence was calculated according
to the following criteria: the presence of very
few parasites was considered a mild occurrence
(1 to 4 parasites), moderate occurrence was
recorded when the number of parasitic stages
was from 5-10, and severe occurrence was
reported when Entamoeba
gingivalis trophozoites were detected in nests or
when more than 10 parasites were detected.
Parasitic stages were counted in different
smears, and the mean number was calculated to
determine the severity of colonization.4

VI. Statistical Analysis

Statistical analysis was performed using the IBM
Statistical Package for the Social Sciences®
(SPSS) (IBM Corp, Armonk, NY, USA, Release 16
for Microsoft Windows). Results were presented

as frequencies, and the percent for the
qualitative  Chi-square test was used for
comparing qualitative  variables  between
groups. Fisher’s exact test was used instead of
the Chi-square test with two by two tables when
expected cell count was less than five. The odds
ratio (OR) with 95% confidence intervals was
computed. A probability value <0.05 was
considered statistically significant.

VIl. Sample Size Calculation

Using the G*Power (Version 3.1.9.2) software,
sample size was calculated at a power of 80%
using 5% alpha (a) level and 20% beta (B)
level. A total of 120 subjects were required to
be divided into three equal groups of 40.

Results

Demographic data and clinical periodontal
parameters of all participating subjects in the 3
studied groups are shown in Table 1. Our results
revealed that Entamoeba gingivalis  was
detected in 31 samples out of a total of 120
collected samples (Table 2). The positive cases in
the studied subjects were as follows: 16 (40%)
of them were from the gingivitis group, 6 (15%)
from the periodontitis group, and the remaining
9 (22.5%) subjects were from the control group.

The present work relied, not only on the
characteristic morphological criteria to report
positive findings concerning the Entamoeba
gingivalis parasitic stage, but also, on the
measurement of the detected stages using
micrometry to confirm such findings. The detected
trophozoites were observed with a single nucleus
containing a small prominent central karyosome
and a peripheral rim of chromatin, and finely
granular cytoplasm. The size of the detected
trophozoites in this study ranged from 10 to 16
Mm (Figure 1). According to the categorization of
Maybodi et al. 4 which describes the intensity of
occurrence, samples related to the diseased
subjects irrespective of their immune status
(diabetic or not) were found to be moderately to
severely affected, while mild to moderate
occurrence was recorded in the control group.
Parasitic nests were observed in 17 out of the
22 positive cases from the diseased groups
(Figure 2, C), while samples from the 9 positive
cases in the control group did not demonstrate
any nests.

Table 3 compares different stains used
in the present work to detect Entamoeba
gingivalis. With the H&E stain, the cytoplasm of
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Table 1. Demographic data and clinical periodontal parameters for all subjects

i () || ot (=0 || el (=)
Age
32 (80%) 10 (25%) 21 (52.5%)
8 (20%) 30 (75%) 19 (47.5%)
L ]
28 (70%) 16 (40%) 17 (42.5%)
12 (30%) 24 (60%) 23 (57.5%)
23 (57.5%) 12 (30%) 19 (47.5%)
L EE 17 (42.5%) 28 (70%) 21 (52.5%)
4 (10%) 3 (7.5%) 6 (15%)
10 (25%) 5 (12.5%) 13 (32.5%)
4 (10%) 11 (27.5%) 7 (17.5%)
22 (55%) 21 (52.5%) 14 (35%)
T 159 +0.42 1.78 £0.43 0.51+0.11
1.64£0.39 1.95 +0.41 0.14£0.09
2.1140.46 4.13 £0.57 1.19+0.38
3.84+0.52 0

Table 2. Demographic data for Entamoeba gingivalis positive cases

< 40 years
> 40 years

Female
Male
Residence
Urban
D e]
Level of education
High
Middle
o
Occupation
High Paying Profession
Employee/Skilled Worker

(-
>
0
= —
£}
o 23
<
)
o

*Significant (p<0.05)

61 (50.8%)
59 (49.2%)

50 (41.7%)
70 (58.3%)

63 (52.5%)
57 (47.5%)

29 (24.2%)
42 (35%)
49 (40.8%)

19 (15.8%)
38 (31.7%)
63 (52.5%)

17 (54.8%)

No. (%) No. (%) Positive | P Value
(Total No.=120) | (Total No.=31)

14 (45.2%) 0.76
21 (67.7%)

0.001%*
10 (32.3%)
14 (45.2%)

A4

17 (54.8%) 0-438
7 (22.6%)
11 (35.5%)  0.171
13 (41.9%)
7 (22.6%)
7 (22.6%) 0.083

17 (54.8%)

the detected trophozoites appeared light pink
in color, and the nucleus appeared dark red or
violet in color. Cytoplasmic inclusions appeared
more or less the same color as the nucleus,
contrast  (Figure 1).

providing  optimal

Pseudopodia were also observed in many of
the identified trophozoites. With the trichrome
stain, the cytoplasm of Entamoeba gingivalis
appeared blue-green tinged with purple. The
nuclei and inclusions were purple-red in most
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of the observed trophozoites (Figure 2, A & B). was observed in many Entamoeba gingivalis
Leuko-phagocytosis, which  denotes the trophozoites as seen in Figure 2, C.
presence of engulfed white blood cells (WBCs),

Figure 1. Entamoeba gingivalis trophozoites stained with H&E stain
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Note the characteristic nucleus with central karyosome (black arrows), cytoplasmic inclusions (arrow
head:s), and the pseudopodia (green arrows).

Figure 2. Entamoeba gingivalis trophozoites

A&B. Entamoeba gingivalis trophozoites stained with trichrome stain showing characteristic nucleus
(arrows). The cytoplasm appears with mixed pink and green colors with reddish cytoplasmic inclusions
(arrow head). Notice the scattered fungal infection. C. Nest of E. gingivalis trophozoites stained with H&E
showing the characteristic nuclei (black arrows). Dark (violet) cytoplasmic inclusions (arrow heads)
represent phagocytized WBCs. Pseudopodia are seen in some trophozoites (green arrows).

Table 4 shows the distribution of risk was statistically significant as the odds ratio was
factors among all studied groups. Table 5 shows 1.57. The effect of smoking was statistically
the distribution of risk factors among positive insignificant as the odds ratio was 0.54.
and negative cases. The effect of oral hygiene Regarding the effect of diabetes on positive
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cases, these values were statistically insignificant other cause of immune inadequacy for
where the odds ratio was 0.55. However, our investigation.
study did not intend to target diabetes or any

Table 3. Comparison between different stains used to detect Entamoeba gingivalis

Method of Detection | Gingivitis (N=40) | Periodontitis (N=40) | Controls (N=40)

Trichrome stain

4 3 3 .
10% 7.5% 7.5% '
14 3 ? 0.011*
35% 7.5% 22.5%
16 6 9
0.001%
% 40% 15% 22.5%

*Significant (p<0.05)

Table 4. Risk factors among all studied groups

| | Gingivitis (N=40) | Periodontitis (N=40) | Control (N=40)

Yes 30 (75%) 22 (55%) 30 (75%) oo

10 (25%) 18 (45%) 10 (25%) '
Yes 15 (37.5%) 15 (37.5%) 13(325%) o

25 (62.5%) 25 (62.5%) 27 (67.5%) |

30 (75%) 38 (95%) 17 (42.5%) ) 0o

10 (25%) 2 (5%) 23 (57.5%) '

*Significant (p<0.05)

Table 5. Risk factors among the positive and negative cases

No. (%) Positive No. (%) Negative Odds Ratio (95 %
(N=31) (N=89) Confidence Interval)

18 (58.1%) 64 (71.9%
0.54 (0.23-1.27
13 (41.9%) 25 (28.1%) o
Yes 6 (16.1%) 27 (30.3%)
0.55 (0.2-1.5
25 (33.9% 2 (69.7% 0219
Bad 24 (77.4%) 61 (68.5%)
1.57 (0.61-4.08)*
7 (226%) 28 (31.5%) OE1400
*Statistically significant
Discussion and environmental or genetic factors in the

pathogenesis of this multifactorial disease.!’
Periodontitis is a common oral disease affecting

the global population yet its etiology is not fully Periodontal lesions contain  numerous
determined. Researchers are still investigating neutrophils, bacteria, spirillae, spinning rods, and
the role of many factors such as microorganisms protozoa. The available information on

periodontitis mainly focuses on the nature of its
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bacterial etiology. Parasites were not sought in
many studies in spite of their potential role which
cannot be ruled out. Entamoeba gingivalis, the
first commensal found in the human oral cavity,
might be a reason for the progression of
periodontal diseases. Thus, we aimed to
investigate  the  potential link  between
colonization of gingival crevices by this amoeba

and gingivitis and /or periodontitis.'¢-18

Variable parasitological methods,
strengthened by micrometry, were applied in the
current study to confirm the diagnosis of
Entamoeba gingivalis among our cases. Thirty
one out of the 120 total subjects were evidenced
to be positive for Entamoeba gingivalis occurence
(25.8%). Twenty six cases were diagnosed via
H&E stain which was significantly higher than
those diagnosed wusing the trichrome stain
(positive in only 10 cases). Therefore, H&E stain
identified 83.87% of the cases associated with
Entamoeba gingivalis. Five samples did not
obtain positive findings with H&E, but the
trophozoites were observed in samples stained
with trichrome. This denotes the importance of
examining more than one sample and more than
one stain. In their study, Gardner et al.
compared unstained wet mount with variable
stains in order to identify Entamoeba species.!®
They only recorded 4.8% positive results by
unstained mount, while 58.5% were positive by
permanent stains, indicating the importance of
using permanent stains to confirm this parasitic
occurrence in the oral cavity. The authors
concluded that the direct unstained wet mount
may be helpful in detecting cyst stages which
was not a choice in our study as Entamoeba
gingivalis does not undergo encystation.
Additionally, the authors warned laboratorians
about relying solely on the direct wet mount for
identification of protozoan trophozoites. Instead,
they recommended the use of permanent
staining techniques which were reported to be
much more effective for detecting and
identifying protozoan trophozoites in different
specimens.'?

Goldsmid and Gericks reported that the
occurrence rate for Entamoeba  gingivalis
diagnosed by contrast microscopy was 62.5%
and 81.25% in permanent smears stained with
iron hematoxylin.2° This is much higher than that
reported in our study; the difference might be
related to variation in  study design,
demographic variability, period of study, or the
performed diagnostic techniques. Although Al-
Najar and Adnan conducted their study in
Baghdad and reported a 28% colonization rate

for Enfamoeba gingivalis among their cases, their
results are more or less similar to that reported
by our study (25.8%, 31 out of 120 cases).?!

Regarding whether Entamoeba gingivalis
is an infection or a commensal in the oral cavity,
Glebski et al. conducted a research on students
and disclosed the presence of this amoeba
among 20% of healthy subjects.?22 Their results
are in accordance with our results as Entamoeba
gingivalis was found in 22.5% of the healthy
control group. In addition, Dao et al. found
Entamoeba gingivalis in a larger number of cases
(32% of the healthy control group).2® However,
Trim et al. recently used polymerase chain
reaction (PCR) in a study that demonstrated a
high incidence of Entamoeba gingivalis in
individuals suffering from periodontitis yet it was
not detected in any of the healthy gingival
sites.24 This result was confirmed by Albuquerque
et al. and Bonner et al. who reported that
Entamoeba gingivalis is infrequently detected in
healthy controls.'7:18 This has led to a speculation
that it might also be a contributing factor in the
pathogenesis of periodontal diseases.

Results of the current study revealed that
the occurrence of Entamoeba gingivalis among
patients suffering from gingivitis, regardless of
their immunological status was 40%, and only
15% within the periodontitis group, yet with a
higher intensity of infection. Moderate to almost
mild infection was reported in the healthy control
group. The rate observed in the periodontitis
group is in accordance with that reported by
several studies.'7.182526 |t has been suggested
that these protozoa could affect the initiation,
development, and progression of periodontal
diseases.

It was not a matter of mere existence of
parasitic stages in both healthy and diseased
individuals. The results of our study showed a
heightened intensity of colonization in the
diseased groups compared to the control group
which could possibly be related to a certain
subtype of this parasite as suggested by Garcia
et al. rather than the immune status of the
individuals.® In the present study, intensive
colonization with numerous parasitic nests was
demonstrated in  immunocompetent diabetic
cases. Thus, intensive proliferation was confirmed
in the diseased cases, regardless of diabetic
condition, indicating that this parasite may not
be an opportunistic parasite.

Al-Saeed suggested that if Entamoeba
gingivalis helps contribute to the development
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and progression of gingivitis and periodontitis,
these diseases increasingly facilitate the
proliferation of these protozoa.?” This interfering
circle might explain the increased incidence of
this amoeba in the dental plaque and saliva
samples of patients with gingivitis and chronic
periodontitis. The previous hypothesis is in
accordance with our study and explains the
presence of such a proliferating type of
parasitic infection in the diseased groups in
contrast to slowly multiplying forms in the healthy
control group.

Putting into consideration some risk
factors for periodontal diseases, we compared
the patients’ oral hygiene in the current research.
There was a significant association between the
occurrence of Entamoeba gingivalis and the level
of hygiene as 77.4% of cases were of bad oral
hygiene. This result is in agreement with many
previous studies that reported an increased
frequency of Entamoeba gingivalis colonization
among people with bad oral hygiene. Improper
oral care encourages inflammation of the mucous
membrane, gingival diseases, and caries. In
addition, it favors the accumulation of food
residue and the development of dental plaque,
which constitutes an excellent base for the
growth of this protozoan. This explains the
significantly higher rate of Entamoeba gingivalis
in cases presenting with gingivitis in the current
work.28-33

Concerning  diabetes  mellitus  and
smoking as other risk factors for periodontitis,
Ibrahim and Abbas, and Nocito et al. found that
there was a higher rate of Entamoeba gingivalis
in diabetic patients.434 On the contrary, in our
study, there was no significant difference in the
occurrence of Entamoeba gingivalis between
diabetic and non-diabetic patients, which may
be due to our relatively smaller sample size.
Regarding the relationship between smoking and
Entamoeba gingivalis, no significant difference
was observed between smokers and non-
smokers. This result is consistent with Albuquerque
et al. who revealed no correlation between
smoking, and the incidence of this protozoa.!”

Regarding the demographic data, there
are controversies concerning the distribution of
infection in relation to sex. In the present study,
the percentage of occurrence in females was
higher than in males (67.7% vs 32.3%
respectively). While Gharavi et al. showed that
both sexes were equally infected with this
parasite, Al- Najar and Adnan showed that the
percentage of occurrence in males was higher

than in females (38.4% and 28.5%
respectively).26:21 In accordance, studies by Ullah
et al. and Maybodi et al. showed a higher
prevalence in males.3514 Furthermore, comparing
the age of our subjects, the rate of Entamoeba
gingivalis occurrence ranged between the age
of 35 and 55 years (mean= 40%5.25). This
result is consistent with that recorded by
Wantland and Lauver and Al- Najar and Adnan
who found an increased rate of occurrence
among patients of up to 40 years of age.3¢2!
Furthermore, Gharavi et al. has noticed that
amoebae colonization is related to an age
higher than 20 years.26 Contrarily, Albuquerque
et al. and Maybodi et al. stated that no
relationship was noticed between the age and
colonization of Entamoeba gingivalis.17:14

Regarding the level of education, our
results showed an insignificant difference
between well-educated and low educated
subjects for Entamoeba gingivalis colonization. In
contrast to our results, Hamad et al. found a
positive relationship between the presence of the
parasite in the mouth and illiteracy or low
education level.3” Moreover, in the present study,
no statistically significant difference between
working and non-working patients was
observed.

Interestingly, one in vitro study reported
that Aggregatibacter actinomycetemcomitans (A.
actinomycetemcomitans) was affected by the
presence of unidentified oral amoebae. The
amoebae enhanced the growth of A.
actinomycetemcomitans in media which otherwise
failed to meet nutritional requirements.38 Indeed,
A. actinomycetemcomitans is related to a group
of bacteria that are associated with biofilm in
gingivitis and chronic periodontitis.3° Further
studies are recommended to clarify the potential
interaction  between this  perio-pathogenic
bacterium and Entamoeba gingivalis which is a
very common parasite among humans. This
hypothesis may clarify the perio-pathogenic role
of Entamoeba gingivalis. Amoebae, in particular,
use bacteria as a food source but some bacteria
may survive phagocytosis and multiply within the
amoebae. This may be an explanation for
refractory cases as the bacteria harbored inside
the amoebae could be protected from the
immune system defense mechanisms or antibiotics
which may be prescribed as a part of therapy
during treatment of periodontitis. In the absence
of periodontal disease treatments which might
eliminate  Entamoeba  gingivalis,  bacteria
sheltered within the amoebae could exit and

recolonize the tissues and possibly create a
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refractory case. Thus, anti-parasitic therapy in
humans is another suggested treatment modality
for periodontal diseases. However, more
investigations are required in order to reach
sound conclusions regarding the etiological link
between Entamoeba gingivalis and periodontal
disease.38:40

To conclude, although the exact

contribution of  Entamoeba  gingivalis  to
periodontal diseases is not absolutely obvious,
our study suggests a perio-pathogenic role of
Entamoeba gingivalis in relation to gingivitis. This
highlights the potential for an associated
pathology and accordingly may warrant a new
modality for controlling the disease. Intervention
studies on animal models using anti-parasitic
treatment and follow up may provide further
evidence regarding the etiologic link between
Entamoeba gingivalis and periodontal diseases.
Further studies are required to investigate the
variable risk factors of periodontal diseases in
relation to the occurrence of Entamoeba

gingivalis.

In light of our investigation, Entamoeba gingivalis
may have a role in the pathogenesis of
periodontal diseases. Further experimentation is
needed to better clarify the etiologic link
between the parasite and periodontal diseases,
which in turn might be helpful in the treatment of
this prevalent worldwide oral disease.
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