Alsamhari et al., Universal Journal of Pharmaceutical Research 2021; 6(5):19-23

Available online at www.ujpronline.com

Universal Journal of . X
Miarmacesicnl Research Universal Journal of Pharmaceutical Research L@‘gf)-%
An International Peer Reviewed Journal
ISSN: 2831-5235 (Print); 2456-8058 (Electronic) .w,
Copyright©2021; The Author(s): This is an open-access article distributed under the terms of /

Check for
updates

the CC BY-NC 4.0 which permits unrestricted use, distribution, and reproduction in any

www.ujpronline.com

medium for non-commercial use provided the original author and source are credited

RESEARCH ARTICLE

ANALYSIS OF BIOFILMS FOR STREPTOCOCCUS MUTANS FROM DENTAL

ROOT SURFACES OF ADULT PATIENTS WITH ROOT CARIES
Mohammed Mohammed Ali Alsamhari'(, Mohammed Mohammed Ali AI-Najhi2 ,

Hassan Abdulwahab Al-Shamahy**(, Omar Ahmed Ismael Al-dossary®(,
!Department of conservative dentistry, Faculty of Dentistry, Genius University for Sciences & Technology, Dhamar city.
2QOrthodontics, Pedodontics and Prevention Department Faculty of Dentistry, Genius University for Sciences & Technology,

Dhamar city, Republic of Yemen.

®Department of Basic Sciences, Faculty of Dentistry, Sana’a University, Republic of Yemen.
“Medical Microbiology department, Faculty of Medicine, Genius University for Sciences & Technology, Dhamar city, Yemen.

Article Info:

Article History:

Received: 1 August 2021
Reviewed: 6 September 2021
Accepted: 10 October 2021
Published: 15 November 2021

I 1
B

h*

Cite this article:

Alsamhari MMA, Al-Najhi MMA, Al-Shamahy
HA, Al-dossary OAIl. Analysis of biofilms for
streptococcus mutans from dental root surfaces
of adult patients with root caries. Universal
Journal of Pharmaceutical Research 2021;
6(5):19-23.
https://doi.org/10.22270/ujpr.v6i5.668

*Address for Correspondence:

Dr. Hassan A. Al-Shamahy, Faculty of
Medicine and Heath Sciences, Sana'a University.
Faculty of Medicine, Genius University for
Sciences and Technology Dhamar, Sana‘a,
Yemen. Tel- +967-1-239551; E-mail:
shmahe@yemen.net.ye

Abstract

Background and objectives: Knowledge of the pathogenicity of the primary
etiological factor of root caries, the microbial biofilm, might provide important
information for the development of diagnosis and treatment strategies. This study
assessed the numbers and revealed the proportion of Mutans streptococci, which is
potential important cariogenic organisms, in biofilms collected from lesions at root
surfaces with active caries lesions (ARC), inactive caries lesions, and sound root
surfaces (SRS).

Material and methods: Samples were cultured in MSB agar for Mutans
streptococci counts, and brain-heart infusion agar for total viable anaerobic counts.
After incubation, the number of colony-forming units (CFUs) was determined and
compared between groups by the Mann-Whitney U test with a significance level
set at 95%. The proportion of counts of Mutans streptococci in the total viable
microorganisms was also analyzed by Chi-square test. 108 samples (36 from each
surface) from 36 patients were cultured and analyzed.

Results: The mean+SD for the counts of active root caries lesions was 7.47+9.89
10, significantly higher than that of inactive root caries lesions (2.5+0.97) and
sound root surfaces (3.03£0.71). In conclusion, a trend towards higher counts was
evident for ARC. In the ARC lesions among the dominant oral anaerobic bacteria,
we could not identify streptococcal colonies (unspecified) in 11% while in IRC
lesions it occurred in 47%, and SRS it occurred in 47%. In addition, in ARC the
samples were >0.1->10 (CFU x10) >0.1->10 colonies of Streptococcus mutans.
Conclusion: In conclusion, a trend towards higher counts was evident for ARC and
for most samples, the proportion of Streptococcus mutans was low relative to the
viable number of total viable anaerobic microorganisms.

Keywords: Bacterial Load, root caries, Streptococcus mutans.

INTRODUCTION

and Nocardia spp. Bacteria gather around the teeth and
gums in a sticky, cream-colored mass called plaque,

The mouth is inhabited by a variety of oral bacteria, but
only a few types of bacteria are supposed to cause
tooth decay: among them, Streptococcus mutans. S.
mutans is a Gram-positive bacteria that forms biofilms
on the surface of the teeth. These organisms can
produce high levels of lactic acid after fermentation of
dietary sugars and are resistant to the destructive
effects of low pH, which are essential properties of
dental caries-causing bacteria®”. Because root surfaces
demineralized more readily than enamel surfaces, a
variety of bacteria can cause root decay, including S.
mutans, Lactobacillus acidophilus, Actinomyces spp.,

ISSN: 2456-8058

which acts as a biofilm. Some places gather plaques
more frequently than others, e.g. sites with a low rate
of saliva flow as in molar fissures. Plaque may also
collect above or below the gum, where it referred to the
same as supra- or subgingival plaque, respectively?.
Improvements in dental health care globally have led to
a reduction in tooth loss. As for Yemen, in the year
2019°“, many researches indicated erosion of the gums,
and this led to an increase in the number of exposed
root surfaces prone to decay. The high prevalence and
restoration of this type of cavities poses challenges
with regard to the lack of restorative materials that bind
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well to dental tissues, so dental root caries has become
an important problem in dentistry®*. It is very
important that new and effective preventive treatment
strategies are required to avoid tooth extraction and
maintain oral health. In this regard, knowledge of the
pathogenesis of the primary causative agent of root
caries, the microbial biofilm, may provide important
information for the development of diagnostic and
treatment strategies. Of the main factors that contribute
to the modulation of germs and the risk of root caries,
gum recession, reduced saliva flow rate, and the use of
xerostomic medicines are the most important factors,
mainly in older adults*®. On the other hand, the current
understanding of the bacterial composition of root
caries is limited compared to other oral diseases®®"’.
Many studies have attempted to identify the pathogenic
species that cause root decay>®', but there is no
consensus on naming and identifying the germs
associated with root decay in the world due to the
limited researches in this aspect.

Separate patterns and individual changes in microbial
composition were observed, despite the marked
predominance of Actinomyces spp. As links it as a
potential agent of root decay. However, the
Actinomyces spp. recently demonstrated to be highly
metabolically active in root surface and intact root
surface (SRS) hiofilms™, indicating that these
organisms are more site-related rather than dysbiosis.
Some studies have also suggested a role for S. mutans
and lactobacilli in root decay. The association between
these species approved an increased risk of root surface
caries when it occurred they were existing together®?.
In addition, biofilm on the tooth surface often leads to
oxidative stress and acid stress that leads to caries*®"’.
In biofilm-forming S. mutans, the presence of DNA
and LTA in the matrix increases the amount of both
soluble and insoluble exopolysaccharides, indicating
that these biofilms can be cariogenic'®. Most of the
relevant culture-based studies showed a strong
relationship between root caries and S. mutans due to
higher and/or higher isolation frequency percentage of
carious root surfaces'**?, Nevertheless, these studies
were developed prior to the 1990s, and there are only a
few studies discussing this topic recently?, and no
contemporary studies have looked back at root decay
bacteria. While there is evidence that the microbiota of
root surface caries lesions changes with lesion activity,
few studies have characterized the microbiota of active
and inactive root caries lesions**?° There are studies
that dealt with the problems of dental caries,
periodontal infections, causes of permanent tooth
extraction, and the prevalence and pattern of third
molar impaction in adults and children®**° but no
researches into the association of S. mutans with root
caries with different caries activity. Hence, the aim of
this study was to evaluate the numbers and determine
the proportions of S. mutans, which could be a related
cariogenic, in root caries lesions with different caries
activity.
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SUBJECTS AND METHODS

Patients: This study included 36 patients who tested
positive for active root caries (ARC) and inactive root
caries (IRC), who were admitted to the dental clinic of
the Faculty of Dentistry, Sana'a University, Sana'a,
during a six-month period, which started in January
2021 and it expired in June 2021, the time the Faculty
of Dentistry provided for this study. The sample size
was 36 patients, whose ages ranged from 21 to 58 years
(median 38 years). Inclusion criteria consist in
presenting at least one active root caries lesion, an
inactive root caries lesion and another root surface
without a caries lesion (sound). In addition, any patient
with other gum or dental conditions was excluded.
Active root caries lesion (ARC): lesions not resistant
for probing, light-brown to light-yellow color,
cavitated or not cavitated, and opaque.

Inactive root caries (IRC): resistant for probing,
brown to black in color, and shiny.

These patients were not a part of any caries control
program and did not control their dietary intake. The
patients do not receive any instruction of oral hygiene.
Sample collection:

Dental plaque biofilms were collected from different
sites from the same patient. The first was a root surface
with an active caries lesion (ARC); the second is a root
surface with an inactive caries lesion (IRC); the third
had SRS as a control in the same ARC or IRC patients.
Biofilm samples were collected in the morning, after
drying and isolation, with cotton rolls using a number
17 sterile dentin excavator were immediately
transferred to a sterile container containing 1 mL of
reducing transport fluid medium. The amount of
biofilm collected corresponds to a complete dentin
borer. Samples were kept on ice and processed within 2
hours. Cultivation was performed in the Microbiology
Department of the National Center for Public Health
Laboratories (NCPHL) Sana'a, Yemen.
Microbiological procedures

Samples were vortexed with glass beads for 60 seconds
and 5-fold serially diluted in 0.005 M potassium
phosphate buffer (pH 7.3). Subsequently, 25 uL
aliquots of 0 to 10 were cultured in duplicate on the
MSB agar (Difco) supplemented with 20% sucrose, 0.2
units/mL bacitracin, and 1% potassium telurite for
streptococci  mutans counts. MSB plates were
incubated under microaerophilic conditions at 37°C for
48 hours. The brain-heart infusion agar (Difco)
supplemented with 4% blood and enriched with k-
hemin vitamin (BHI) for total viable anaerobic
microorganisms counts. BHI agar plates were cultured
anaerobically (Gas Packed anaerobic system), at 37°C
for 120 hours. After incubation, the number of colony-
forming units (CFUs) was determined. In the step of
calculating the percentage of S. mutans from the total
anaerobic bacteria, when S. mutans were suspected to
be not them, two or three representative colonies were
selected from each culture medium to confirmed by
Gram staining and the biochemical activities of S.
mutans.
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Statistical analysis Table 1 shows the counts of S. mutans (CFU log'%)
The quantity of count of streptococci mutans in the cultivated in selective media from biofilms from active
total viable microorganisms was investigated by Mann- root caries lesions (ARC), inactive root caries
Whitney U Test. The bacterial counts are expressed at lesions(IRC), and sound root surfaces (SRS)from 36
log'® and the constant 1 was added to the CFUs. To root Caries patients. The mean +SD for counts of the
compare the counts of S. mutans in ARC, inactive root active root caries lesions was 7.47+9.89%° and the
caries, and SRS biofilms, the Mann-Whitney U test counts ranged from 1-491° with 95% margin of error
was used. The significance level was set at 5% for both equal to +43.2%. The meanzSD for counts of the
tests. inactive root caries lesions was 2.5+0.97%° and the
Ethical approval counts ranged from 1-371° with 95% margin of error
Written consent was obtained in all cases. Consent was equal to +63.9%. The mean+SD for counts of the
obtained from participants prior to inclusion in the sound root surfaces was 3.03+0.71%° and the counts
study. Ethical approval was obtained from the Medical ranged from 1-24° with 95% margin of error equal to
Research and Ethics Committee of the Faculty of +46.1%. The variance in the numerical amount of
Medicine and Health Sciences, Sana'a University with bacteria between the three sites was statistically
reference number (2001) on 01/01/2021. significant with p<0.01. In conclusion tendency

towards higher counts was evident for ARC.
RESULTS

Table 1: Counts of S. mutans (CFU log™) cultivated in selective media from biofilms from active root caries
lesions (ARC), inactive root caries lesions (IRC), and sound root surfaces (SRS) from 36 root Caries patients.

Sites of specimens Counts of mutans streptococci (CFU log10)
Mean SD P value Range  95% Margin of error #

Active root caries lesions 7.47 9.89 <0.01* 1-49 7.413.3 (+43.2%)

Inactive root caries lesions 2.5 0.97 <0.01* 1-37 2.5+1.6 (+63.9%)

Sound root surfaces 3.03 0.71 Reference 1-24 3.03+1.39(+46.1%)

*Mann-Whitney U Test; # a margin of error tells, how many percentage points your results will differ from the real population value.

For active root caries lesions, a 95% confidence determined) in 11% of the total samples, while in
interval with a margin of error of 43.2% means that 33.3% of samples counts of S. mutans colonies was <
current statistics would be within 43.2% points of the 0.1 and 55.6% of samples counts of S. mutans colonies
true count value of S. mutans in root caries patients. was >0.1->10 (CFUxX). Inactive root caries lesions
Table 2 shows the proportion of S. mutans of the total among the dominant oral anaerobic bacteria, we could
viable anaerobic microorganisms counts (total CFU) not or would not identify streptococcal colonies (not
cultured from biofilms from active (ARC) root caries determined) in 47% of the total samples, while in 50%
lesions, inactive (IRC) root caries lesions and sound of samples counts of S. mutans colonies was < 0.1
root surfaces (SRS). In active root caries lesions among (CFU x%) and only 3% of samples counts of S. mutans
the dominant oral anaerobic bacteria, we could not or colonies was >0.1->10 (CFU x9).

would not identify streptococcal colonies (not

Table 2: Proportion of S. mutans of the total viable anaerobic microorganisms counts (total CFU) cultured
from biofilms from active (ARC) root caries lesions, inactive (IRC) root caries lesions and sound root surfaces

(SRS).
Total CFU x*° Active root Inactive root Sound root
caries lesions  caries lesions surfaces
Not determined No 4 17 6
% 11 47 16
<0.1 No 12 18 28
% 33.3 50 78
>0.1->10 No 20 1 2
% 55.6 3 6
In sound root surfaces among the dominant oral DISCUSSION
anaerobic bacteria, we could not or would not identify
streptococcal colonies (not determined) in 16% of the Dental plague was collected from the root surfaces of
total samples, while in 78% of samples counts of S. three different groups in the same patient (ARC, IRC,
mutans colonies was < 0.1 (CFU x*°) and only 6% of SRS) and cultured in media supporting the growth of S.
samples counts of S. mutans colonies was >0.1->10 mutans, in which the relevant organisms were
(CFU x9). In conclusion, for most of the samples the optimized to be associated with root caries. In this
proportion of S. mutans were low relative to the viable study there were differences in the cultured microbiota
count of total viable anaerobic microorganisms. While of active or inactive lesions where the mean+SD of
in ARC 55.6% of samples counts of Streptococci active root caries lesions counts was 7.47+9.89 10
mutans colonies was >0.1->10 (CFU x19). significantly higher than that of inactive root caries

lesions (2.5#0.97% and sound root surfaces
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(3.03£0.71'%).  The results indicate that the
microenvironment can be both in dysbiosis in the
patient and in the lesions.

A higher quantity of S. mutans, particularly in active
root surfaces, was found in the results of the current
study. This is emphatic evidence for the relationship
between the proliferation of a predicted cariogenic
species (heavy colonization) with root decay, the
literature showing a very low or very variable
proportion of this species in other culture-based
studies, with the collective proportion of S. mutants
10% of the total cultivable bacteria®'?. Ellen and
colleagues found that including Lactobacillus and
Veilonella raises the value to only 20% of the total
cultivable microbiota®. Also Van Houte et al., found
that total Streptococcus+Enterococcus+Actinomyces
+Lactobacilli account for 47% of the total cultivable
microbes in SRS biofilms, 60.1% in non-hollow root
lesions, and 63% in hollow lesions®. In this study, the
mean+SD of active root caries lesions count was
7.47+9.89", significantly higher than that of inactive
root caries lesions (2.5+0.97'%) with 55.6% of the ARC
sample populations for S. mutans colonies were > 0.1-
>10 (CFU x9) of total bacteria, indicating a more
complex composition of dental plaque in active or
inactive root caries lesions. Thus, we can speculate that
these organisms are related pathogens whose activity is
important for disease progression, and are present as a
low percentage of the total population of normal oral
flora®=%%,

Emilson et al., found a relationship between heavy
colonization of S. mutans and an increased risk of root
surface caries'”. Emilson et al.,” showed that subjects
with>5x10° S. mutans per mL of saliva had
approximately five times more superficial root lesions
than subjects with low or free of these bacteria. The
current observation of lower counts of S. mutans in
SRS compared with higher counts in ARC (Table 3) is
consistent with the results reported by Beighton et al.*,
which showed that the higher activity of the lesions led
to an increase in the population of total anaerobes,
gram-positive rods (Bifido bacteria), S. mutans, and
lactobacilli*.  Microbiota shown in culture-based
studies, some studies that used the culture-independent
approach did not show any significant difference in the
prevalence of S. mutans between healthy and different
stages of coronal caries®***. A study by Chen et al.,
using 454-pyrosequencing confirmed that S. mutans
and Lactobacillus spp. are more likely to be root caries
pathogens than are other species’. Suggesting that the
virulence of S. mutans is tightly controlled by the
presence of health-related competitors®. However,
Preza et al., ® described a root decay bacteria dominated
by S. mutans, Actinomyces spp., and others.
Lactobacilli were absent and S. mutans was rarely
observed, while Actinomyces sp. were present in 50%
of healthy root surface samples®. A study by Chen et
al., using 454-pyrosequencing confirmed that S.
mutans and Lactobacillus spp. are more likely to be
root caries pathogens than are other species’. Finally, it
is important to acknowledge the limitations of culture-
based studies, although we believe that these studies
are still reliable for identifying viable organisms and
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examining species that are already associated with
diseases. DNA-based studies have explored the full
microbial classification in the caries lesion.

The limits of the study

The study is mainly on S. mutans so other
microorganisms such as Actinomyces and Lactobacilli
should be investigated, but this has not been done due
to limited resources and low experience in isolating
and identifying other oral bacteria.

CONCLUSION

In conclusion, a trend towards higher counts was
evident for ARC and for most samples, the proportion
of S. mutans was low relative to the viable number of
total viable anaerobic microorganisms.

ACKNOWLEDGMENTS

The authors extend their thanks and appreciation to
Genius University of Science and Technology, Dhamar
City, Republic of Yemen, which supported this work,
in particular Dr. Mohammed Mohammed Ali Al-Najhi,
the generous scholar who usually supports medical
education and research in Yemen.

AUTHOR’S CONTRIBUTIONS

Alsamhari MMA: writing original draft, literature
survey. Al-Najhi MMA: methodology,
conceptualization. Al-Shamahy HA: formal analysis,
critical review. Al-dossary OAI: investigation, data
interpretation. The final manuscript was read and
approved by all authors.

DATA AVAILABILITY

The data supporting the findings of this study are not
currently available in a public repository but can be
made available upon request to the corresponding
author.

CONFLICT OF INTEREST

None to declare.

REFERENCES

1. Al-Shami 1Z, Al-Shamahy HA, Abdul Majeed ALA, Al-
Ghaffari KM, Obeyah AA. Association between the
salivary Streptococcus mutans levels and dental caries
experience in adult females. On J Dent Oral Health 2018;
1(1):1-6. https://doi.org/10.33552/0JDOH.2018.01.000505

2. Henza SL, Damé-Teixeirab N, Portugalc CN, Maltza M.
Bacterial analysis of biofilms from tooth root surfaces
presenting different caries activity. Revista da Faculdade de
Odontologia de Porto Alegre 2020; 61(1):1-6.
https://doi.org/10.22456/2177-0018.95533

3. Alhadi, Y., A. H. Rassem, H. A. Al-Shamahy, and K. M.
Al-Ghaffari. Causes for extraction of permanent teeth in
general dental practices in Yemen. Universal J Pharm Res
2019; 4(2): 1-6. https://doi.org/10.22270/ujpr.v4i2.249

4. Alhasani AH, Ishag RA, Yahya Al-Akwa AAY, Al
Shamahy HA, Al-labani MA. Association between the
Streptococcus mutans biofilm formation and dental caries

22 CODEN (USA): UJPRA3


http://www.ujpr.org/
https://doi.org/10.33552/OJDOH.2018.01.000505
https://doi.org/10.22456/2177-0018.95533
https://doi.org/10.22270/ujpr.v4i2.249

Alsambhari et al.,

10.

11.

12.

13.

14,

15.

16.

17.

18.

19.

20.

experience and antibiotics resistance in adult females.
Universal J Pharm Res 2020; 5(6):1-3.
https://doi.org/10.22270/ujpr.v5i5.478

Beck J. The epidemiology of root surface caries. J Dent Res
1990; 69(5):1216-21.
https://doi.org/10.1177/08959374930070010601

Preza D, Olsen |, Aas JA, Willumsen T, Grinde B, Paster
BJ. Bacterial profiles of root caries in elderly patients. J
Clin Microbiol 2008; 46(6):2015-21.
https://doi.org/10.1371%2Fjournal.pone.0036557

Chen L, Qin B, Du M, Zhong H, Xu Q, Li Y, et al.
Extensive description and comparison of human supra-
gingival microbiome in root caries and health. PLoS One
2015; 10(2):e0117064.
https://doi.org/10.1371/journal.pone.0117064

van Houte J, Lopman J, Kent R. The predominant
cultivable flora of sound and carious human root surfaces. J
Dent Res 1994; 73(11):1727-34.
https://doi.org/10.1177/00220345940730110801
Schiipbach P, Osterwalder V, Guggenheim B. Human root
caries: microbiota in plaque covering sound, carious and
arrested carious root surfaces. Caries Res 1995;29(5):382-
95. https://doi.org/10.1159/000262097

Nyvad B, Kilian M. Microflora associated with
experimental root surface caries in humans. Infect Immun
1990; 58(6):1628-33.
https://doi.org/10.1128/iai.58.6.1628-1633.1990
Hashimoto K, Sato T, Shimauchi H, Takahashi N. Profiling
of dental plague microflora on root caries lesions and the
protein-denaturing activity of these bacteria. Am J Dent
2011; 24(5):295-9.PMID: 22165457

Emilson CG, Klock B, Sanford CB. Microbial flora
associated with presence of root surface caries in
periodontal treated patients. Scand J Dent Res 1988;
96(1):40-9.https://doi.org/10.1111/j.1600-
0722.1988.th01406.x

Ellen RP, Banting DW, Fillery ED. Streptococcus mutans
and Lactobacillus detection in the assessment of dental root
surface caries risk. J Dent Res 1985; 64(10):1245-9.
https://doi.org/10.1177/00220345850640101301

Beighton D, Lynch E, Heath MR. A microbiological study
of primary root-caries lesions with different treatment
needs. J Dent Res 1993; 72(3):623-9.
https://doi.org/10.1177/00220345930720031201
Dame-Teixeira N, Parolo CCF, Maltz M, Tugnait A,
Devine D, Do T. Actinomyces spp. gene expression in root
caries lesions. J Oral Microbiol 2016; 8:32383.
https://doi.org/10.3402/jom.v8.32383

Marquis RE. Oxygen metabolism, oxidative stress and acid-
base physiology of dental plaque biofilms.J Indus
Microbiol 1995; 15 (3): 198-207.
https://doi.org/10.1007/bf01569826

Lemos JA, Abranches J, Burne RA. Responses of
cariogenic streptococci to environmental stresses. Current

Issues in  Molecular Biology 2005;7 (1): 95-107.
PMID 15580782
Castillo Pedraza MC, Novais TF, Faustoferri RC, et

al. Extracellular DNA and lipoteichoic acids interact with
exopolysaccharides in the extracellular matrix of cariogenic
biofilms. Biofouling 2017;33:722-740.
https://doi.org/10.1080/08927014.2017.1361412

Keltjens H, Schaeken T, van der Hoeven H, Hendriks J.
Epidemiology of root surface caries in patients treated for
periodontal diseases. Community Dent Oral Epidemiol
1988; 16(3):171-4.
https://doi.org/10.1111/j.1600-0528.1988.tbh00568.x
Mantzourani M, Fenlon M, Beighton D. Association
between Bifidobacteriaceae and the clinical severity of root
caries lesions. Oral Microbiol Immunol 2009;24(1):32-7.

ISSN: 2456-8058

23

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

3L

32.

33.

34.

Universal Journal of Pharmaceutical Research 2021; 6(5):19-23

https://doi.org/10.1016/50300-5712(02)00045-3

Al-Deen SH, Al-Ankoshy AAM, Al-Najhi MMA, Al-
Shamahy HA, et al. Porphyromonas gingivalis: biofilm
formation, antimicrobial susceptibility of isolates from
cases of Localized Aggressive Periodontitis
(LAP). Universal J Pharm Res 2021; 6 (4): 1-6.
https://doi.org/10.22270/ujpr.v6i4.633

Al-Shamahy HA, Mohammed Abdullah Al-labani MA,
Ameen al-akwa. Biofilm formation and antifungal
susceptibility of candida isolates from oral cavity of
denture wearer and free denture individuals. EC Dental Sci
2020; 19(10):58-66.

Abbas AM, Al-Kibsi TAM, Al-Shamahy HA, et al.
Characterization and antibiotic sensitivity of bacteria in
orofacial abscesses of odontogenic origin. Universal J
Pharm Res 2020; 5(6):36-42.
https://doi.org/10.22270/ujpr.v5i6.510

AL-Haddad KA, Ali Al-Najhi MM, Al-Akwa AAY, et al.
Antimicrobial susceptibility of Aggregatibacter
actinomycetemcomitans isolated from Localized
Aggressive Periodontitis (LAP) Cases. J Dent Ora Heal Ad
Re 2007;103.
https://doi.org/10.1111/j.1600-0463.2007.apm_630.x
Al-Haddad KA, Al-Najhi MMA, Al-Shamahy HA, et al.
Clinical features, age and sex distributions, risk factors and
the type of bacteria isolated in periodontitis patients in
Sana‘a, Yemen. Universal J Pharm Res 2021; 6(1):1-8.
https://doi.org/10.22270/ujpr.v6i1.532

Al-Kebsi A, Othman A, Abbas AK, Madar E, Al-Shamahy
HA, et al. Oral albicans colonization and non-Candida
albicans Candida colonization among university students,
Yemen. Universal J Pharm Res 2017; 2(5):1-6.
https://doi.org/10.22270/ujpr.v2i5.R2

Al-Sanabani N, A. Al-Kebsi A, Al-Shamahy H, Abbas A.
Etiology and risk factors of stomatitis among Yemeni
denture wearers. Universal J Pharm Res 2018; 3(1):1-6.
https://doi.org/10.22270/ujpr.v3i1.R9

Al-Haddad KA, Al-dossary OE, Al-Shamahy HA.
Prevalence and associated factors of oral non-candida
albicans candida carriage in denture wearers in Sana’a city-
Yemen. Universal J Pharm Res 2018; 3(4):7-11.
https://doi.org/10.22270/ujpr.v3i4.176

Al-Akwa AA, Zabara A, Al-Shamahy HA, et al.
Prevalence of Staphylococcus aureus in dental infections
and the occurrence of MRSA in isolates. Universal J Pharm
Res 2020; 5(2):1-6. https://doi.org/10.22270/ujpr.v5i2.384
Ellen RP, Banting DW, Fillery ED. Longitudinal
microbiological investigation of a hospitalized population
of older adults with a high root surface caries risk. J Dent
Res 1985;64(12):1377-81.
https://doi.org/10.1177/00220345850640121001

Van Houte J, Jordan HV, Laraway R, Kent R, Soparkar
PM, DePaola PF. Association of the microbial flora of
dental plaque and saliva with human root-surface caries. J
Dent Res 1990; 69 (8):1463-8.
https://doi.org/10.1177/00220345900690080301

Preza D, Olsen I, Willumsen T, et al. Microarray analysis
of the microflora of root caries in elderly. Eur J Clin
Microbiol Infect Dis 2009; 28(5):509-17.
https://doi.org/10.1007/s10096-008-0662-8

Preza D, Olsen I, Willumsen T, Grinde B, Paster BJ.
Diversity and site-specificity of the oral microflora in the
elderly. Eur J Clin Microbiol Infect Dis 2009; 28(9):1033-
40. https://doi.org/10.1007/s10096-009-0743-3

Wolff D, Frese C, Maier-Kraus T, Krueger T, Wolff B.
Bacterial biofilm composition in caries and caries-free
subjects. Caries Res 2013;47(1):69-77.
https://doi.org/10.1159/000344022

CODEN (USA): UJPRA3


http://www.ujpr.org/
https://doi.org/10.22270/ujpr.v5i5.478
https://doi.org/10.1177/08959374930070010601
https://doi.org/10.1371%2Fjournal.pone.0036557
https://doi.org/10.1371/journal.pone.0117064
https://doi.org/10.1177/00220345940730110801
https://doi.org/10.1159/000262097
https://doi.org/10.1128/iai.58.6.1628-1633.1990
https://doi.org/10.1111/j.1600-0722.1988.tb01406.x
https://doi.org/10.1111/j.1600-0722.1988.tb01406.x
https://doi.org/10.1177/00220345850640101301
https://doi.org/10.1177/00220345930720031201
https://doi.org/10.3402/jom.v8.32383
https://doi.org/10.1007/bf01569826
https://en.wikipedia.org/wiki/PMID_(identifier)
https://pubmed.ncbi.nlm.nih.gov/15580782
https://doi.org/10.1080/08927014.2017.1361412
https://doi.org/10.1111/j.1600-0528.1988.tb00568.x
https://doi.org/10.1016/S0300-5712(02)00045-3
https://doi.org/10.22270/ujpr.v6i4.633
https://www.researchgate.net/publication/344452661_Biofilm_Formation_and_Antifungal_Susceptibility_of_Candida_Isolates_from_Oral_Cavity_of_Denture_Wearer_and_Free_Denture_Individuals
https://www.researchgate.net/publication/344452661_Biofilm_Formation_and_Antifungal_Susceptibility_of_Candida_Isolates_from_Oral_Cavity_of_Denture_Wearer_and_Free_Denture_Individuals
https://www.researchgate.net/publication/344452661_Biofilm_Formation_and_Antifungal_Susceptibility_of_Candida_Isolates_from_Oral_Cavity_of_Denture_Wearer_and_Free_Denture_Individuals
https://www.researchgate.net/publication/344452661_Biofilm_Formation_and_Antifungal_Susceptibility_of_Candida_Isolates_from_Oral_Cavity_of_Denture_Wearer_and_Free_Denture_Individuals
https://www.researchgate.net/publication/344452661_Biofilm_Formation_and_Antifungal_Susceptibility_of_Candida_Isolates_from_Oral_Cavity_of_Denture_Wearer_and_Free_Denture_Individuals
https://doi.org/10.22270/ujpr.v5i6.510
https://doi.org/10.1111/j.1600-0463.2007.apm_630.x
https://doi.org/10.22270/ujpr.v6i1.532
https://doi.org/10.22270/ujpr.v2i5.R2
https://doi.org/10.22270/ujpr.v3i1.R9
https://doi.org/10.22270/ujpr.v3i4.176
https://doi.org/10.22270/ujpr.v5i2.384
https://doi.org/10.1177/00220345850640121001
https://doi.org/10.1177/00220345900690080301
https://doi.org/10.1007/s10096-008-0662-8
https://doi.org/10.1007/s10096-009-0743-3
https://doi.org/10.1159/000344022

	TITLE
	Abstract
	INTRODUCTION
	SUBJECTS AND METHODS
	RESULTS
	DISCUSSION
	CONCLUSION
	ACKNOWLEDGMENTS
	AUTHOR’S CONTRIBUTIONS
	DATA AVAILABILITY
	CONFLICT OF INTEREST
	REFERENCES

