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Background
Oral diseases are the most prevalent non-communicable 
diseases that affect people throughout their lifetime, 
causing pain, discomfort, deformity, and even death.1,2 
Dental caries and periodontal diseases (PD) have 
historically been considered the most important oral 
health complications worldwide.3,4 As estimated by the 
Global Burden of Disease Study (2016), oral diseases 
affected nearly half of all people around the world (3.58 
billion people),5 and dental caries and PD are recognized 
as the first and second most common dental diseases (DD) 
worldwide, respectively.6 As such, chronic periodontitis 
has affected about 750 million people throughout the 
world since 2010.7

Several risk factors are involved in DD and PD, 

including smoking, diabetes, HIV/AIDS, stress, poor 
diet, and family history of DD and the like.8-10 Alongside 
these risk factors, oral microorganisms have a potentially 
vital role in dental plaque formation and are consequently 
recognized as a major cause of DD and PD.11,12

Periodontal tissues are a suitable site for the 
colonization and growth of different microorganisms 
such as bacteria, viruses, fungi, and protozoa.13 There is 
evidence of tissue damage and induce inflammation by 
oral infectious agents, especially parasites.14,15 Normally, 
two key parasitic microorganisms can colonize in the 
oral cavity, including the flagellate Trichomonas tenax 
and the amoeba Entamoeba gingivalis.13,16 Although 
these anaerobic protozoans have been detected in teeth 
tartar and subgingival dental plaque, their role in the 

International Journal of 

Enteric 
Pathogens

© 2022 The Author(s); Published by Alborz University of Medical Sciences. This is an open-access article distributed under the 
terms of the Creative Commons Attribution License (http://creativecommons.org/licenses/by/4.0), which permits unrestricted use, 
distribution, and reproduction in any medium, provided the original work is properly cited.

Abstract
There are frequent epidemiological and experimental proofs to propose that Entamoeba 
gingivalis and Trichomonas tenax infections are ignored factors for the development of dental 
and periodontal diseases. For a more comprehensive review, the present study was designed 
and conducted, including a systematic search in PubMed, Scopus, Web of Science, and Google 
Scholar databases for retrieving related reports up to December 01, 2019. Finally, 48 studies 
(a total of 70 datasets), including 30 datasets with case-control designs (1711 patients and 614 
controls) and 40 datasets with cross-sectional designs (a total of 7257 participants) met the 
eligibility criteria. Based on the random-effects model, the pooled prevalence of protozoan 
infections in dental and periodontal patients was estimated to be 25.2% (95% CI, 21.2-29.8%; 
2210/8968). In case-control designed studies, the prevalence of protozoan infections in dental 
and periodontal patients (35.8%, 614/1711) was found to be significantly higher than in controls 
(14.4%, 198/1371; OR: 4.15, 95% CI: 2.92-5.92). In addition, E. gingivalis (OR: 3.81, 95% 
CI: 2.36-6.14) and T. tenax (OR: 5.08, 95% CI: 2.81-9.20) were significantly higher in dental 
and periodontal patients compared to the controls. Our results demonstrated an apparently 
significant association between these protozoan infections in dental and periodontal patients. 
In conclusion, more standardized experimental designs are proposed using the animal model, 
and longitudinal (cohort) studies support the association between these protozoan infections in 
dental and periodontal patients to understand whether E. gingivalis and T. tenax infections are a 
co-factor in the development of dental and periodontal patients. 
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pathophysiology of oral tissue damage is obscure, and 
little information is available about their pathogenic role 
in DD and PD.16

There are numerous reports of the prevalence of E. 
gingivalis and T. tenax infections among DD and PD 
patients throughout the world; nonetheless, up to now, 
there is no comprehensive study with statistical analysis 
in this regard. Henceforward, due to the important 
association of DD and PD with the presence of T. 
tenax and E gingivalis in the oral cavity, we conducted 
a systematic review and meta-analysis in order to shed 
light on whether E. gingivalis and T. tenax play a role in 
the occurrence of the DD and PD. 

Methods
Search Strategy
Our comprehensive study was followed in agreement 
with the “Preferred Reporting Items for Systematic 
Reviews and Meta-Analyses” guidelines.17 To assess the 
pooled prevalence and odds ratio (OR) of E. gingivalis 
and T. tenax infections in the DD and PD subjects, we 
systematically searched Google Scholar as a search motor 
engine and major databases (i.e., Scopus, PubMed, and 
Web of Science) for appropriate records until December 
01, 2019. The searching process was performed using 
several medical subject heading (MeSH) terms; they 
included (“Entamoeba gingivalis” OR “Entamoeba 
buccalis” OR “Entamoeba maxillaris” OR “Amoeba 
pyogenes” OR “Trichomonas tenax” OR “Trichomonas 
buccalis”) AND (“prevalence” OR “epidemiology”) AND 
(“periodontal disease” OR “periodontitis” OR “dental 
disease” OR “dental caries” OR “dental decay”). Further, 
the references of the eligible records were manually 
searched to retrieve associated studies not recovered 
through the initial screening.

Eligibility Criteria
In the present research, four criteria were considered 
for including the studies. They were original research 
with case-control and cross-sectional designs and full 
texts about the prevalence of T. tenax and E. gingivalis 
infections in DD and PD patients and short reports and/
or abstracts having relevant data published in the English 
language. The other inclusion criteria included reports 
with information on the total sample size and positive 
samples and available published online data up to 
December 01, 2019. On the other hand, articles without 
the above-mentioned criteria, including non-human 
or animal studies, studies that only included healthy 
people or the general population, case reports, all types 
of reviews, editorials, and/or letters were excluded from 
the study. 

Study Selection and Data Extraction
The initial screening was conducted via the title (topics)/

abstracts of the records, and the records were achieved 
accordingly; then, duplicated papers were removed 
by EndNote software. Two authors (A. F. and A. T.) 
screened and retrieved records through study criteria 
consideration. Next, two other researchers (Z. H. and 
S. B.) extracted the items of the studies, including the 
author’s name, research publication year and execution 
time period, study design, geographical zone (continent/
country), diagnostic method, precipitants age (mean or 
range), total sample size, positive case number, and the 
detected protozoans types in every study. All data were 
imported into the Microsoft Excel Worksheet, and two 
researchers (K. S. and H. R.) double-checked them. All 
controversial issues were resolved by the corresponding 
author’s consensus (S. B). 

Statistical Analysis and Data Synthesis 
All statistical analyses were directed via comprehensive 
meta-analysis statistical software (Version 2.2, BioStat). 
The prevalence of E. gingivalis and T. tenax in DD and 
PD patients was estimated by using the random effects 
model. Moreover, for the possible association assessment, 
the OR with a 95% confidence interval (CI) was calculated 
for case-control studies. The I2 method was applied to 
the heterogeneity assessment of the studies. Likewise, 
the small sample size effects and publication bias of the 
studies were determined by Egger’s regression test; the 
probable publication bias was presented as the funnel 
plot. In all statistical analyses, P  < 0.05 was considered 
statistically significant. The pooled prevalence of E. 
gingivalis and T. tenax in people with DD and PD was 
displayed as the forest plot, and the difference in the 
prevalence rate of E. gingivalis and T. tenax in DD and 
PD individuals and controls was presented by an OR and 
95% CI. Finally, gender prevalence rates in DD and PD 
patients were compared using the OR.
 
Results
Study Characteristics
The selection steps of the present systematic review and 
meta-analysis studies are presented in the flow diagram 
(Figure 1). Briefly, 1242 papers were recovered in the 
initial search step; eventually, 48 records containing 
70 datasets meeting the inclusion criteria remained 
for analysis after removing irrelevant and duplicated 
studies.18-65 The included records were published between 
March 1970 and September 2019. The 48 studies were 
performed in 20 diverse geographical zones in four 
continents (12, 6, 6, 6, 5, 5, 4, 4, 4, 3, 3, 2, 2, 2, 1, 1, 1, 1, 
1, and 1 datasets in Iran, Iraq, Turkey, Egypt, the USA, 
Poland, France, Nigeria, Venezuela, Mexico, China, 
Libya, Brazil, Pakistan, Romania, Sweden, Chile, Japan, 
Saudi Arabia, and India, respectively). Of the 70 datasets, 
33, 36, and 1 datasets surveyed E. gingivalis, T. tenax, and 
mixed protozoans in DD and PD patients, respectively. As 
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demonstrated in Tables 1 and 2, alongside the microscopic 
examination and culture, PCR had been used for the 
detection of E. gingivalis and T. tenax infections in 15.7% 
(11/70) of the studies. Regarding the type of study design, 
30 and 40 studies were of case-control and cross-sectional 
type, respectively. The main characteristics of the case-
control and cross-sectional studies are summarized in 
Tables 1 and 2, respectively.

The E. gingivalis and T. tenax Overall Prevalence in 
People With DD and PD 
The pooled prevalence for both protozoan infections was 
25.2% (95% CI: 21.2-29.8%) so that the prevalence of E. 
gingivalis and T. tenax among DD and PD patients was 
estimated at 36.1% (95% CI: 29.4-43.3%) and 17.4% (95% CI: 
13.7-21.8%), respectively (Figures S1-S3, Supplementary 
file 1). In the subgroup analysis by continent, the highest 
pooled prevalence was observed in America at 30.3% (95% 
CI: 21.8-40.3%), followed by Europe at 29.1% (95% CI: 
20.1-40.2%), Africa at 22.7% (95% CI: 15.1-32.6%), and 
Asia at 20.5% (95% CI: 14.5-28.1%), the details of which 
are provided in Table 3 and Figure S1.

The Pooled OR of Entamoeba gingivalis and 
Trichomonas tenax Based on Case-control Studies
The meta-analysis outcomes demonstrated a significant 

positive association between exposure to both protozoan 
infections (E. gingivalis and T. tenax) and DD and PD 
(OR: 4.15; 95% CI: 2.92-5.92%, Figure 2). Subgroup 
analysis considering the causative protozoan revealed a 
significantly higher prevalence of E. gingivalis (OR: 3.81; 
95% CI: 2.36-6.14%) and T. tenax (OR: 5.08; 95% CI: 
2.81-9.20%) in DD and PD patients compared to healthy 
controls (Figures S4 and S5).

In a subgroup analysis by gender in DD and PD 
patients, the prevalence in males was higher than in 
females (30.1% vs. 28.6%), but no significant association 
was found between males and females (OR: 1.15; 95% CI, 
0.85-1.57%, Figure S6). 

Publication Bias Results
According to Egger’s regression test, a significant 
publication bias (t = 4.78, P = 0.00) was observed in 
the case-control studies, whereas publication bias was 
not significant in the cross-sectional studies (t = 1.73, 
P = 0.09). Figure 3 (funnel plot) shows the potential 
publication bias identification.
 
Discussion
Over the last century, it was postulated that only bacteria 
were microorganisms that contributed to formation of 
plaque and dental calculus. On the other hand, although 

Figure 1. Flow Diagram of the Study Design Process
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the main structure of these plaques is composed of 
a wide range of bacteria, some fungal, Mycoplasma, 
and protozoan species also have a neglected role in 
plaque formation and dental calculus. Recently, several 
epidemiological investigations have been performed on 
the prevalence of E. gingivalis and T. tenax infections in 
people with DD and PD in some countries; their presence 

in dental disorders led to the theory that these protozoans 
have a possible role in causing DD and PD. To fill this 
gap, the current systematic review and meta-analysis 
focused on the observational studies that evaluated the 
prevalence and association between E. gingivalis and T. 
tenax infections in subjects suffering from DD and PD. In 
this meta-analysis, it was found that the prevalence of E. 
gingivalis and T. tenax infections in DD and PD patients 
was significantly increased compared to the control group.

To date, the exact mechanism of the pathogenesis of 
these two protozoans in DD and PD has not been fully 
understood and is still under debate. Some virulence 
factors related to T. tenax have been partially discovered 
in recent papers. As it is evident, this flagellate has been 
documented that has the ability to secrete some proteolytic 
enzymes (e.g., metalloproteinase and cysteine proteinase), 
thereby leading to degrading collagen.21 Moreover, no 
study has so far described the potential ability of this 

Table 3. Sub-group Analysis of the Prevalence of Entamoeba gingivalis and 
Trichomonas tenax Based on Continents 

Continent
Number of 

Studies
Sample 

Size
Infected

Pooled Prevalence
(95% CI)

Asia 26 3316 753 20.5% (14.5-28.1%)

Europe 17 1649 449 29.1% (20.1-40.2%)

America 15 2987 804 30.3% (21.8-40.3%)

Africa 12 1016 204 22.7% (15.1-32.6%)

Overall 70 8968 2210 25.2% (21.2-29.8%)

Note. CI: Confidence interval.

Figure 2. Forest Plot of Odds Ratios in terms of Prevalence of Protozoan (E. gingivalis and T. tenax) Infections in the DD and PD Patients in Case-control 
Studies. Note. E. gingivalis: Entamoeba gingivalis; T. tenax: Trichomonas tenax; DD: Dental disease; PD: Periodontal diseases
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parasite in adhering to different eukaryotic cells through 
a wide range of iron-dependent surface adhesions, 
resulting in the cytotoxic effect by producing apoptotic 
bodies through the release of cysteine proteases.66 These 
virulence factors can be indirectly involved in DD and PD 
so that conditions for the growth of periodontopathogenic 
such as anaerobic bacteria Tannerella forsythia, 
Aggregatibacter actinomycetemcomitans, Porphyromonas 
gingivalis, and Fusobacterium nucleatum have been 
prepared by inducing damage of the tooth-supporting 
tissue.15,67 All the above-mentioned factors may support 
the possible impress of the mentioned protozoan in the 
initiation and progression of DD and PD. 

The information on the pathogenicity of E. gingivalis is 
vaguer than T. tenax. In this regard, the genetic variation 
in E. gingivalis species appears to be important, and the 
genetic distance between the ST1 and ST2-kamaktli 
variants may indicate many differences in their biology 
and the possible association of these subtypes with 
various pathologies.40,68 Thus, studies have demonstrated 
that the ST2 “kamaktli” variant is more genetically diverse 
than E. gingivalis ST1, which may indicate the hypothesis 
that strains cannot have the same pathogenicity and 
tropism.68,69 Given that most epidemiological studies on 
this subject were performed by microscopy and culture 
methods, there is little information on the molecular 
epidemiology of this protozoan, thus it is recommended 
that molecular studies be conducted to gain a deeper 
understanding of this issue.

In this comprehensive study, we faced limitations, 
including differences in the sensitivity and specificity 
of techniques used in analyzed studies for parasite 
identification that the estimated prevalence can be 
affected by these differences, as well as limited reports 
from some geographical regions of the world about the 
prevalence of E. gingivalis and T. tenax among DD and 
PD patients. The other limitation were small sample sizes 
in some included studies and no further information 
about precipitants’ complications condition, as well as 
differences in the number and type of variables and the 

quality of the analyzed studies.
In conclusion, the present study presented a relatively 

more comprehensive picture of the prevalence of E. 
gingivalis and T. tenax in subjects with DD and PD. The 
findings of this meta-analysis indicated that patients 
suffering from PD and DD were significantly more likely 
to be positive for E. gingivalis and T. tenax than healthy 
controls, suggesting that there is a significant association 
between these protozoans in the oral cavity and the 
occurrence of DD and PD.

Acknowledgements
We thank the collaboration of the scientists and personnel of the 
Medical Parasitology Department at Tarbiat Modares University of 
Medical Sciences, Tehran.

Author Contributions
Conceptualization: Ali Taghipour, Saeed Bahadory.
Data curation: Atefeh Fathi, Ali Taghipour, Hassan Rezanezhad.
Formal Analysis: Kavous Solhjoo, Amir Abdoli.
Investigation: Atefeh Fathi, Ali Taghipour.
Methodology: Zahra Haghparast, Saeed Bahadory.
Project administration: Ali Taghipour.
Supervision: Saeed Bahadory.
Validation: Amir Abdoli, Meghdad Eslami.
Visualization: Masoud Foroutan, Meghdad Eslami.
Writing – original draft: All Authors.
Writing – review & editing: All Authors.

Conflict of Interest Disclosures
None declared.

Ethical Approval
None required.

Financial Support
This research received no specific grant from funding agencies in 
public, commercial, or not-for-profit sectors. 

Supplementary Files
Supplementary file 1 contains Figures S1-S6.

References
1.	 Petersen PE, Bourgeois D, Ogawa H, Estupinan-Day S, Ndiaye 

C. The global burden of oral diseases and risks to oral health. 
Bull World Health Organ. 2005;83(9):661-669.

Figure 3. Publication Bias Using Funnel Plots: (A) Publication Bias in Studies With Case-control Design and (B) Publication Bias in Studies With a Cross-
sectional Design



International Journal of Enteric Pathogens  Volume 10, Issue 2, May 2022 77

Taghipour et al

2.	 Prabhu SR, Wilson D, Daftary DK, Johnson NW. Oral Diseases 
in the Tropics. Jaypee Brothers Medical Publishers; 2017.

3.	 Shay K. Infectious complications of dental and periodontal 
diseases in the elderly population. Clin Infect Dis. 
2002;34(9):1215-1223. doi:10.1086/339865

4.	 Peres MA, Macpherson LMD, Weyant RJ, et al. Oral diseases: a 
global public health challenge. Lancet. 2019;394(10194):249-
260. doi:10.1016/s0140-6736(19)31146-8

5.	 Vos T, Abajobir AA, Abate KH, Abbafati C, Abbas KM, Abd-
Allah F, et al. Global, regional, and national incidence, 
prevalence, and years lived with disability for 328 diseases 
and injuries for 195 countries, 1990-2016: a systematic 
analysis for the Global Burden of Disease Study 2016. 
Lancet. 2017;390(10100):1211-1259. doi:10.1016/s0140-
6736(17)32154-2

6.	 Frencken JE, Sharma P, Stenhouse L, Green D, Laverty D, 
Dietrich T. Global epidemiology of dental caries and severe 
periodontitis–a comprehensive review. J Clin Periodontol. 
2017;44 Suppl 18:S94-S105. doi:10.1111/jcpe.12677

7.	 Vos T, Flaxman AD, Naghavi M, et al. Years lived with 
disability (YLDs) for 1160 sequelae of 289 diseases and injuries 
1990-2010: a systematic analysis for the Global Burden of 
Disease Study 2010. Lancet. 2012;380(9859):2163-2196. 
doi:10.1016/s0140-6736(12)61729-2

8.	 Genco RJ, Borgnakke WS. Risk factors for periodontal disease. 
Periodontol 2000. 2013;62(1):59-94. doi:10.1111/j.1600-
0757.2012.00457.x

9.	 Van Dyke TE, Sheilesh D. Risk factors for periodontitis. J Int 
Acad Periodontol. 2005;7(1):3-7.

10.	 AlJehani YA. Risk factors of periodontal disease: 
review of the literature. Int J Dent. 2014;2014:182513. 
doi:10.1155/2014/182513

11.	 Marsh PD. Dental plaque as a biofilm and a microbial 
community–implications for health and disease. BMC Oral 
Health. 2006;6(Suppl 1):S14. doi:10.1186/1472-6831-6-
s1-s14

12.	 Auschill TM, Arweiler NB, Netuschil L, Brecx M, Reich 
E, Sculean A. Spatial distribution of vital and dead 
microorganisms in dental biofilms. Arch Oral Biol. 
2001;46(5):471-476. doi:10.1016/s0003-9969(00)00136-9

13.	 Marsh PD, Lewis MA, Williams D, Martin MV. Oral 
Microbiology E-Book. Elsevier Health Sciences; 2009.

14.	 Stašková A, Nemcová R, Lauko S, Jenča A. Oral microbiota 
from the stomatology perspective. In: Dincer S, Özdenefe 
MS, Arkut A, eds. Bacterial Biofilms. IntechOpen; 2019. 
doi:10.5772/intechopen.89362

15.	 Marty M, Lemaitre M, Kémoun P, Morrier JJ, Monsarrat P. 
Trichomonas tenax and periodontal diseases: a concise 
review. Parasitology. 2017;144(11):1417-1425. doi:10.1017/
s0031182017000701

16.	 Fanuli M, Viganò L, Casu C. Trichosoma tenax and Entamoeba 
gingivalis: pathogenic role of protozoic species in chronic 
periodontal disease development. J Hum Virol Retrovirol. 
2018;6(3):81-4.

17.	 Moher D, Shamseer L, Clarke M, et al. Preferred reporting items 
for systematic review and meta-analysis protocols (PRISMA-P) 
2015 statement. Syst Rev. 2015;4(1):1. doi:10.1186/2046-
4053-4-1

18.	 Gottlieb DS, Miller LH. Entamoeba gingivalis in periodontal 
disease. J Periodontol. 1971;42(7):412-415. doi:10.1902/
jop.1971.42.7.412

19.	 Lucht E, Evengård B, Skott J, Pehrson P, Nord CE. Entamoeba 
gingivalis in human immunodeficiency virus type 1-infected 
patients with periodontal disease. Clin Infect Dis. 
1998;27(3):471-473. doi:10.1086/514709

20.	 Zawadzki PJ, Perkowski K, Starościak B, et al. Evaluation of 

selected oral cavity microbiota--risk factors of management 
complications in patients with masticatory system disorders. 
Ann Parasitol. 2016;62(1):71-76. doi:10.17420/ap6201.35

21.	 El Sibaei MM, Abdel-Fattah NS, Ahmed SA, Abou-Seri HM. 
Growth kinetics, antigen profiling, and proteinase activity of 
Egyptian Trichomonas tenax isolates derived from patients 
having oral infections. Exp Parasitol. 2012;130(4):416-422. 
doi:10.1016/j.exppara.2012.01.018

22.	 Bracamonte-Wolf C, Orrego PR, Muñoz C, et al. Observational 
cross-sectional study of Trichomonas tenax in patients with 
periodontal disease attending a Chilean university dental 
clinic. BMC Oral Health. 2019;19(1):207. doi:10.1186/
s12903-019-0885-3

23.	 Bisson C, Lec PH, Blique M, Thilly N, Machouart M. 
Presence of trichomonads in subgingival biofilm of patients 
with periodontitis: preliminary results. Parasitol Res. 
2018;117(12):3767-3774. doi:10.1007/s00436-018-6077-2

24.	 Dao AH, Robinson DP, Wong SW. Frequency of Entamoeba 
gingivalis in human gingival scrapings. Am J Clin Pathol. 
1983;80(3):380-383. doi:10.1093/ajcp/80.3.380

25.	 Kashefi Mehr A, Zarandi A, Anush K. Prevalence of oral 
Trichomonas tenax in periodontal lesions of Down syndrome 
in Tabriz, Iran. J Clin Diagn Res. 2015;9(7):ZC88-90. 
doi:10.7860/jcdr/2015/14725.6238

26.	 Linke HA, Gannon JT, Obin JN. Clinical survey of Entamoeba 
gingivalis by multiple sampling in patients with advanced 
periodontal disease. Int J Parasitol. 1989;19(7):803-808. 
doi:10.1016/0020-7519(89)90069-6

27.	 Luszczak J, Bartosik M, Rzymowska J, et al. The occurrence 
of Entamoeba gingivalis among patients with periodontal 
disease. Curr Issues Pharm Med Sci. 2016;29(2):86-89.

28.	 Benabdelkader S, Andreani J, Gillet A, et al. Specific clones 
of Trichomonas tenax are associated with periodontitis. 
PLoS One. 2019;14(3):e0213338. doi:10.1371/journal.
pone.0213338

29.	 Özçelik S, Gedik T, Gedik R, Malatyali E. Ağız ve diş sağlığı 
ile Entamoeba gingivalis ve Trichomonas tenax varlığı 
arasındaki ilişkinin araştırılması. Turkiye Parazitol Derg. 
2010;34:155-159.

30.	 Wantland WW, Lauer D. Correlation of some oral hygiene 
variables with age, sex, and incidence of oral protozoa. J 
Dent Res. 1970;49(2):293-297. doi:10.1177/00220345700
490021601

31.	 Ghabanchi J, Zibaei M, Daghigh Afkar M, Sarbazie AH. 
Prevalence of oral Entamoeba gingivalis and Trichomonas 
tenax in patients with periodontal disease and healthy 
population in Shiraz, southern Iran. Indian J Dent Res. 
2010;21(1):89-91. doi:10.4103/0970-9290.62821

32.	 Abualqomsaan M, Töz SO, Yolasiğmaz A, Turgay N. [The 
investigation of Entamoeba gingivalis and Trichomonas tenax 
in a group of patients with periodontal disease]. Turkiye 
Parazitol Derg. 2010;34(2):91-94. [Turkish].

33.	 Athari A, Soghandi L, Haghighi A, Kazemi B. Prevalence 
of oral trichomoniasis in patients with periodontitis and 
gingivitis using PCR and direct smear. Iran J Public Health. 
2007;36(3):33-37.

34.	 Dubar M, Zaffino ML, Remen T, et al. Protozoans in 
subgingival biofilm: clinical and bacterial associated factors 
and impact of scaling and root planing treatment. J Oral 
Microbiol. 2020;12(1):1693222. doi:10.1080/20002297.20
19.1693222

35.	 Sefer M, Boanchis AI, Chaouki SH, Ganescu V, Constantin 
P. [Periodontal diseases with Entamoeba gingivalis]. Rev 
Chir Oncol Radiol O R L Oftalmol Stomatol Ser Stomatol. 
1989;36(4):279-285. [Romanian].

36.	 Favoreto Junior S, Machado MI. [Incidence, morphology and 

https://doi.org/10.1086/339865
https://doi.org/10.1016/s0140-6736(19)31146-8
https://doi.org/10.1016/s0140-6736(17)32154-2
https://doi.org/10.1016/s0140-6736(17)32154-2
https://doi.org/10.1111/jcpe.12677
https://doi.org/10.1016/s0140-6736(12)61729-2
https://doi.org/10.1111/j.1600-0757.2012.00457.x
https://doi.org/10.1111/j.1600-0757.2012.00457.x
https://doi.org/10.1155/2014/182513
https://doi.org/10.1186/1472-6831-6-s1-s14
https://doi.org/10.1186/1472-6831-6-s1-s14
https://doi.org/10.1016/s0003-9969(00)00136-9
https://doi.org/10.5772/intechopen.89362
https://doi.org/10.1017/s0031182017000701
https://doi.org/10.1017/s0031182017000701
https://doi.org/10.1186/2046-4053-4-1
https://doi.org/10.1186/2046-4053-4-1
https://doi.org/10.1902/jop.1971.42.7.412
https://doi.org/10.1902/jop.1971.42.7.412
https://doi.org/10.1086/514709
https://doi.org/10.17420/ap6201.35
https://doi.org/10.1016/j.exppara.2012.01.018
https://doi.org/10.1186/s12903-019-0885-3
https://doi.org/10.1186/s12903-019-0885-3
https://doi.org/10.1007/s00436-018-6077-2
https://doi.org/10.1093/ajcp/80.3.380
https://doi.org/10.7860/jcdr/2015/14725.6238
https://doi.org/10.1016/0020-7519(89)90069-6
https://doi.org/10.1371/journal.pone.0213338
https://doi.org/10.1371/journal.pone.0213338
https://doi.org/10.1177/00220345700490021601
https://doi.org/10.1177/00220345700490021601
https://doi.org/10.4103/0970-9290.62821
https://doi.org/10.1080/20002297.2019.1693222
https://doi.org/10.1080/20002297.2019.1693222


 International Journal of Enteric Pathogens  Volume 10, Issue 2, May 202278

Taghipour et al

diagnostic studies of Entamoeba gingivalis, Gros, 1849]. Rev 
Soc Bras Med Trop. 1995;28(4):379-387. doi:10.1590/s0037-
86821995000400012

37.	 Cuevas RF, de la Barquera MA, Contreras CC, Hernández-
Sierra F. Prevalence and epidemiological association of oral 
protozoa Entamoeba gingivalis and Trichomonas tenax in 
Mexican children. ADM. 2008;65(5):259-262.

38.	 Acurero Osorio EM, Maldonado Ibáñez AB, Ibáñez CM, et 
al. Entamoeba gingivalis and Tricomonas tenax in the oral 
cavity of patients from the integral adult clinic of the faculty of 
odontology, Maracaibo, Venezuela. Rev Soc Ven Microbiol. 
2009;29(2):122-127.

39.	 Norberg CM, Ribeiro PC, Satyro-Carvalho N, Sanches FG, 
de Carvalho RW, Norberg AN. Entamoeba gingivalis (Gros, 
1849) and Trichomonas tenax (Muller, 1773) oral infections 
in patients from Baixada Fluminense, province of Rio de 
Janeiro, Brazil. Sci J Public Health. 2014;2(4):288-292. 
doi:10.11648/j.sjph.20140204.17

40.	 Garcia G, Ramos F, Maldonado J, et al. Prevalence of two 
Entamoeba gingivalis ST1 and ST2-kamaktli subtypes in the 
human oral cavity under various conditions. Parasitol Res. 
2018;117(9):2941-2948. doi:10.1007/s00436-018-5990-8

41.	 Traviezo Valles L, Báez G, Rojas E, et al. Entamoeba 
gingivalis, Trichomonas tenax y Eimeria sp. en cavidad bucal 
de indígenas de Isla Ratón, estado Amazonas, Venezuela. Rev 
Venez Salud Publ. 2019;7(2):35-39.

42.	 Çeliksöz A, Marakoğlu İ, Gürsoy UK, Oğuztürk H, Özçelik S. 
Mikrobiyal dental plakta Entamoeba gingivalis ve Trichomonas 
tenax araştırması. İnfeksiyon Dergisi. 2001;15(1):51-55.

43.	 Kurnatowska A, Dudko A, Kurnatowski P. Invasion of 
Trichomonas tenax in patients with periodontal diseases. 
Wiad Parazytol. 2004;50(3):397-403.

44.	 Dudko A, Kurnatowska AJ. Występowanie Trichomonas tenax 
i grzybów u pacjentów z chorobami przyzębia. Med Mycol. 
2007;14(4):227-232.

45.	 Yazar S, Çetinkaya Ü, Hamamcı B, et al. Investigation of 
Entamoeba gingivalis and Trichomonas tenax in periodontitis 
or gingivitis patients in Kayseri. Turkiye Parazitol Derg. 
2016;40(1):17-21. doi:10.5152/tpd.2016.4351

46.	 Yali S, Oping G, Minghua S, Hsiachi W. Studies on the 
relationship between oral parasitic protozoa and dental 
disease in Shiyan. Journal of Hubei University of Medicine. 
1990(1):1.

47.	 Kikuta N, Yamamoto A, Fukura K, Goto N. Specific and 
sensitive detection of Trichomonas tenax by the polymerase 
chain reaction. Lett Appl Microbiol. 1997;24(3):193-197. 
doi:10.1046/j.1472-765x.1997.00379.x

48.	 Abdullatif AL. Occurrence of Entamoeba gingivalis in patient 
with chronic periodontitis. Mustansiria Dental Journal. 
2005;2(1):46-51.

49.	 Gharavi MJ, Hekmat S, Ebrahimi A, Jahani MR. Buccal cavity 
protozoa in patients referred to the faculty of dentistry in 
Tehran, Iran. Iran J Parasitol. 2006;1(1):43-46.

50.	 Ullah Z, Khan M, Jan A, Ali I. Mouth protozoa in North 
West Frontier province of Pakistan-a study. Pak Oral Dent J. 
2007;27(2):245-248.

51.	 Al-hamiary AK, Kezar MY, Al-Khafaji YA. Prevalence of 
Oral Protozoa in Periodontitis and Gingivitis Patients Whose 
Attended to Clinics Periodontics, Dentistry College\Babylon 
University. Mag Al-Kufa Univ Biol. 2011;1(3):1-7.

52.	 Maraghi S, Azizi A, Mousanejad F, Rahdar M, Vazirianzadeh 
B. A study on the frequency of buccal cavity protozoa in 
patients with periodontitis and gingivitis in Ahvaz, southwest 
of Iran in 2009. Jundishapur J Health Sci. 2012;4(4):85-89. 

[Persian].
53.	 Yang X, Liu X, Zhang Z. Investigation on the infection of 

Trichomonas tenax. Journal of Shanxi Medical College for 
Continuing Education. 2009;2.

54.	 Jabuk SI, Hussien RS, Altaee ZM, Najam HM, Naji NM. 
Isolation and identification of bacteria and parasite from teeth 
caries and periodontal. Adv Environm Biol. 2015;9(22):50-53.

55.	 Ismail KA, Jastaniyyah MA, Al-Nemari NA, Al-Ghamdi HM, 
Al-Hamed RA. Detection of Trichomonas tenax (T. tenax) in 
bad oral hygiene Saudi patients in Taif city. Int Educ Appl Sci 
Res J. 2017;2(6):4-6.

56.	 Derikvand N, Mahmoudvand H, Sepahvand A, et al. 
Frequency and associated risk factors of Entamoeba gingivalis 
and Trichomonas tenax among patients with periodontitis in 
Western Iran. J Res Med Dent Sci. 2018;6(5):99-103.

57.	 Abdulhaleem SH, Sulbi IM, Almammuri AH. Study the 
distribution of oral Trichomonas tenax at Almukadissa city/
IRAQ. Indian J Public Health Res Dev. 2018;9(10):951-954.

58.	 Ramamurthy S, Sudarsana S, Sivasamy S, Ulaganathan 
A, Rathinasamy K, Govindarajan S. Incidence of the oral 
protozoa-Entamoeba gingivalis in a hospital-based population 
in South India-a preliminary study. J Oral Dis Markers. 
2018;2:1-4.

59.	 Rahdar M, Abolfazli-Karizi S, Pedram H. The comparison of 
Entamoeba gingivalis presence in healthy and periodontitis 
patients by using direct examination and PCR methods. 
Jundishapur J Health Sci. 2019;11(1):e86066. doi:10.5812/
jjhs.86066

60.	 el Azzouni MZ, el Badry AM. Frequency of Entamoeba 
gingivalis among periodontal and patients under 
chemotherapy. J Egypt Soc Parasitol. 1994;24(3):649-655. 

61.	 Ozumba U, Ozumba N, Ndiokwelu E. Oral protozoa in a 
Nigeria population. Afr J Clin Exp Microbiol. 2004;5(1):15-19.

62.	 El-Sayed NM, Meabed EM. Detection of Trichomonas tenax 
in patients with periodontitis using microscopy and culture 
compared to PCR. J Med Sci. 2008;29(1-2):537-550.

63.	 Onyido A, Amadi E, Olofin I, Onwumma A, Okoh I, 
Chikwendu C. Prevalence of Entamoeba gingivalis and 
Trichomonas tenax among dental patients attending Federal 
School of Dental Technology and Therapy clinic, Enugu, 
Nigeria. Nat Sci. 2011;9(9):59-62.

64.	 El-Dardiry MA, Shabaan SH. Detection of Entamoeba 
gingivalis trophozoites in patients suffering from gingivitis 
versus healthy. Adv Environ Biol. 2016;10(12):222-226.

65.	 Younis EZ, Elamami AH. Prevalence of Entamoeba gingivalis 
and Trichomonas tenax among healthy and patients with 
periodontal disease in Benghazi–Libya. EPH-International 
Journal of Applied Science. 2019;1(1):762-769.

66.	 Ribeiro LC, Santos C, Benchimol M. Is Trichomonas tenax 
a parasite or a commensal? Protist. 2015;166(2):196-210. 
doi:10.1016/j.protis.2015.02.002

67.	 Bartold PM, Van Dyke TE. Periodontitis: a host-mediated 
disruption of microbial homeostasis. Unlearning learned 
concepts. Periodontol 2000. 2013;62(1):203-217. 
doi:10.1111/j.1600-0757.2012.00450.x

68.	 Bonner M, Fresno M, Gironès N, Guillén N, Santi-Rocca J. 
Reassessing the role of Entamoeba gingivalis in periodontitis. 
Front Cell Infect Microbiol. 2018;8:379. doi:10.3389/
fcimb.2018.00379

69.	 García G, Ramos F, Martínez-Hernández F, Hernández 
L, Yáñez J, Gaytán P. A new subtype of Entamoeba 
gingivalis: “E. gingivalis ST2, kamaktli variant”. Parasitol Res. 
2018;117(4):1277-1284. doi:10.1007/s00436-018-5798-6

https://doi.org/10.1590/s0037-86821995000400012
https://doi.org/10.1590/s0037-86821995000400012
https://doi.org/10.11648/j.sjph.20140204.17
https://doi.org/10.1007/s00436-018-5990-8
https://doi.org/10.5152/tpd.2016.4351
https://doi.org/10.1046/j.1472-765x.1997.00379.x
https://doi.org/10.5812/jjhs.86066
https://doi.org/10.5812/jjhs.86066
https://doi.org/10.1016/j.protis.2015.02.002
https://doi.org/10.1111/j.1600-0757.2012.00450.x
https://doi.org/10.3389/fcimb.2018.00379
https://doi.org/10.3389/fcimb.2018.00379
https://doi.org/10.1007/s00436-018-5798-6

