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Abstract
Introduction: Toothbrushes can become contaminated with oral and environmental pathogens, posing infection 
risks. This study evaluates how glycemic control and toothbrush storage location jointly affect microbial contami-
nation in diabetic patients.

Methods: In this cross-sectional study (Rajshahi Medical College), 60 participants (30 diabetics, 30 non-di-
abetic controls) provided used toothbrushes (≥2 months old) and clinical data via questionnaire. Diabet-
ic subjects were categorized by HbA1c: good (<7%), moderate (7–9%), or poor (>9%) glycemic control 
(10 per category). Each subject reported toothbrush storage (washroom [WR] vs. non-washroom [NWR]). 
Toothbrush heads were aseptically processed in sterile saline; aliquots were cultured on selective media 
(Blood Agar, MacConkey Agar, Sabouraud Dextrose Agar) to isolate bacteria and yeasts (e.g., Streptococ-
cus mutans, Staphylococcus aureus, Escherichia coli, Pseudomonas spp., Candida). Statistical analysis (SPSS) 
used chi-square tests and Pearson correlation to assess associations, with p≤0.05 considered significant. 
Results: All toothbrushes (100%) were culture-positive, with S. mutans the most prevalent isolate. Contam-
ination rates and species diversity were significantly higher in diabetics, especially with poor glycemic con-
trol​ ​. Poor-control diabetics showed elevated prevalence of S. aureus (~80%, p<0.01), Candida spp. (~76.7%, 
p<0.01), and E. coli (~83.3%, p<0.05) on their brushes. Separately, washroom-stored brushes (all subjects) 
had significantly more enteric bacteria: E. coli contamination was 86.6% (WR) vs. 46.6% (NWR), and Pseu-
domonas 80.0% vs. 53.3% (p<0.05). This confirms that bathroom aerosols and moisture enhance tooth-
brush contamination. The highest contamination occurred in brushes from poorly controlled diabetics stored 
in washrooms. Notably, poor HbA1c correlated strongly with greater microbial diversity (r=0.72, p<0.001). 
Conclusion: Both poor glycemic control and unhygienic storage significantly increase toothbrush microbial burden. 
Diabetic patients, especially with high HbA1c, may harbor more oral pathogens on their brushes, and washroom 
storage further elevates enteric contamination. These findings underscore the need for patient education on glycemic 
management and proper toothbrush hygiene (e.g., storing brushes away from toilets and changing them regularly) 
to reduce infection risk.

Keywords: Toothbrush; Glycemic control; Microbial contamination; Diabetes; Storage practices 
Abbreviations: WR: Washroom; NWR: Non-washroom



23

Volume 08, Number 01

1.	 Shaheen Ahamed, Assistant Professor, Department of Oral and Maxillofacial Surgery, Rajshahi Medical Col-
lege.

2.	 Professor Dr. Khandker MD. Faisal Alam, Principal & Head of the Department, Department of Microbiology, 
Rajshahi Medical College.

3.	 Professor Dr. SM Shahinul Islam, Professor, Plant Biotechnology & Genetic Engineering Lab, Institute of 
Biological Sciences, Rajshahi University

Introduction

Toothbrush bristles can harbor bacteria, fungi, and 
other microorganisms, potentially acting as vectors 
for oral and systemic infections. Studies report that 
toothbrushes become contaminated shortly after 
initial use, with microbial loads increasing over time 
[1]. Bristles retain oral biofilm and saliva, providing 
a nutrient-rich environment favorable for microbial 
growth. Common pathogens isolated from toothbrushes 
include Streptococcus mutans, Staphylococcus aureus, 
enteric bacteria (Escherichia coli, Klebsiella spp.), 
Pseudomonas spp., and Candida albicans [2]. High 
bacterial loads have been linked to dental caries, 
gingivitis, stomatitis, and systemic conditions such as 
infective endocarditis. Environmental factors—such 
as hand contamination, air exposure, and bathroom 
storage—further contribute to microbial colonization 
[3,4]. Storing toothbrushes capped or enclosed can 
inadvertently trap moisture, intensifying microbial 
proliferation.

Diabetes mellitus further complicates this situation due 
to chronic hyperglycemia altering oral microbial ecology 
and weakening host defenses [5,6]. With over 500 
million diabetics globally, and approximately 13 million 
in Bangladesh alone, diabetes presents a significant 
public health challenge [7]. Diabetic individuals 
frequently exhibit more severe periodontal diseases, 
increased dental caries, and candidiasis compared to 
non-diabetics [6,8]. Elevated glucose levels in saliva 
and gingival crevicular fluid foster acidogenic and 
pathogenic microbes such as S. mutans, Lactobacilli, 
and Candida, promoting enamel demineralization and 
gingival invasion [9]. Concurrently, diabetes impairs 
immune responses, weakening neutrophil function and 
complement pathways. Thus, hyperglycemia disrupts 
oral microbial balance, increases pathogen prevalence, 
and reduces immune defenses [10,11].

These interactions have major public health implications, 
especially in regions like South Asia, including 
Bangladesh, where diabetes prevalence is rapidly 
increasing and dental care infrastructure remains limited 

[12]. Although current preventive guidelines emphasize 
glycemic control and basic oral hygiene, toothbrush 
hygiene is often overlooked. Since contaminated 
brushes can reintroduce pathogens to the oral cavity, 
diabetic and immunocompromised individuals may be 
particularly vulnerable. Clarifying how glycemic status 
and toothbrush storage conditions influence microbial 
load is therefore essential. This study places toothbrush 
contamination and diabetes-related oral microbiology 
within the broader context of infection control and 
public health policy.

Materials And Methods

A cross-sectional design was used at Rajshahi Medical 
College. We recruited 30 known diabetic patients (type 
1 or 2) and 30 age- and gender-matched non-diabetic 
controls (all adults, 18–70 years). Diabetic subjects 
were stratified by glycemic control: good (HbA1c <7%), 
moderate (7–9%), or poor (>9%), with 10 participants in 
each category. Within each group, participants were also 
classified by primary toothbrush storage location: in the 
washroom (WR) or outside it (NWR), yielding equal 
subgroups (15 WR and 15 NWR subjects per group).

Inclusion criteria were: diagnosis of diabetes (for 
patient group), routine twice-daily brushing, and use 
of the same manual toothbrush for at least two months 
prior to the study. Exclusion criteria included: current 
systemic antibiotic therapy (within 2 weeks), active oral 
disease (beyond mild gingivitis), or irregular brushing 
habits. After informed consent, each subject completed 
a questionnaire on oral hygiene habits and had basic 
clinical data recorded.

Each participant provided their used toothbrush in 
exchange for a new sterile brush. Collected toothbrushes 
(with >2 months of use) were immediately transferred 
to the microbiology laboratory in sterile containers. In 
processing, each toothbrush head was aseptically cut 
off with sterile scissors and immersed in 10 mL sterile 
saline. The container was vortexed to dislodge microbes. 
Aliquots were inoculated onto Blood Agar (general 
bacteria), MacConkey Agar (Gram-negative bacteria), 
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and Sabouraud Dextrose Agar (fungal pathogens). 
Bacterial cultures were incubated at 37°C and examined 
at 24–48 hours; fungal cultures were incubated at room 
temperature up to 7 days [13]. Colonies were identified 
by morphology, Gram stain, and standard biochemical 
tests (e.g., catalase, coagulase, sugar fermentation), 
confirming species such as S. mutans, S. aureus, E. coli, 
Pseudomonas spp., Klebsiella spp., and Candida spp 
[14].

Statistical analyses were performed with SPSS. 
Descriptive statistics (frequencies, percentages) 
summarized microbial prevalence. The chi-square 
test (or Fisher’s exact test) compared categorical 
contamination rates between groups (diabetic vs. 
control, glycemic categories, storage locations). Pearson 
correlation assessed associations between HbA1c levels 
and the number of microbial species per brush. A p-value 

of ≤0.05 was considered statistically significant.

Results

All 60 toothbrushes yielded microbial growth (100% 
contamination), confirming heavy colonization of 
bristles. The most frequently recovered species was 
Streptococcus mutans, followed by Staphylococcus 
aureus, Escherichia coli, Pseudomonas aeruginosa, 
Candida spp. and Klebsiella spp. (Table 1). Notably, 
every organism was found more often on brushes from 
diabetic patients than from non-diabetic controls. For 
example, E. coli was isolated from 83.3% of diabetic 
brushes versus only 46.6% of controls, and Candida 
spp. from 76.7% vs. 30.0% (Table 1). These differences 
were statistically significant, indicating that diabetic 
status is associated with a higher burden of toothbrush 
contamination.

Table 1: Prevalence of microbial contaminants on toothbrushes by group

Organism Diabetics (%) Non-diabetics (%)
Streptococcus mutans 90.0 80.0
Staphylococcus aureus 85.0 65.0
Escherichia coli 83.3 46.6
Pseudomonas aeruginosa 80.0 53.3
Klebsiella spp. 41.6 20.0
Candida spp. 76.7 30.0

Among the 30 diabetic subjects, contamination prevalence rose with worsening glycemic control (Table 2). Brushes 
from poorly controlled diabetics (HbA1c >9%) showed the highest rates of contamination: for instance, E. coli was 
present on 83.3% of these brushes compared to 50.0% of brushes from well-controlled diabetics (HbA1c <7%). 
Similarly, S. aureus contamination was 80.0% in the poor-control group versus 60.0% in the good-control group, 
and Candida spp. were found on 76.7% vs. 30.0%, respectively. The increases in S. aureus and Candida rates with 
poor glycemic control were highly significant (both p<0.01), and the rise in E. coli was significant (p<0.05). Overall, 
the number of different species recovered from each brush grew steadily from good to poor control, consistent with 
a strong positive correlation between HbA1c and microbial diversity (r = 0.72, p<0.001).

Table 2: Microbial contamination by glycemic control (diabetic patients only, n=30)

Organism Good (%) Moderate (%) Poor (%)
Streptococcus mutans 70.0 80.0 90.0
Staphylococcus aureus 60.0 70.0 80.0
Escherichia coli 50.0 70.0 83.3
Candida spp. 30.0 50.0 76.7

Storage location also had a major impact on contamination (Table 3). Brushes kept in the washroom harbored 
significantly more enteric and opportunistic bacteria than those stored elsewhere. For example, 86.6% of washroom-
stored brushes yielded E. coli versus only 46.6% of non-washroom brushes (p<0.01). Pseudomonas spp. were 
detected in 80.0% of washroom brushes compared to 53.3% of non-washroom (p<0.05). Even S. aureus and S. 
mutans showed higher prevalence in washroom storage (90.0% and 85.0%, respectively) than outside (65.0% and 
70.0%), reflecting the moist, aerosol-rich environment of bathrooms. These findings confirm that washroom storage 
significantly elevates toothbrush contamination.
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Table 3: Effect of storage environment on microbial contamination (all participants)

Organism Washroom (%) Non-washroom (%)
Escherichia coli 86.6 46.6
Pseudomonas aeruginosa 80.0 53.3
Staphylococcus aureus 90.0 65.0
Streptococcus mutans 85.0 70.0

Diabetic individuals have significantly higher toothbrush microbial contamination than non-diabetics, especially with 
pathogens like E. coli and Candida. This microbial burden escalates with worsening glycemic control, underscoring 
the importance of proper diabetes management to mitigate infection risks. Additionally, toothbrushes stored in 
washrooms exhibited notably greater contamination, highlighting environmental conditions as critical factors in 
microbial proliferation. Thus, effective preventive strategies should emphasize optimal glycemic management and 
hygienic toothbrush storage practices, particularly for diabetic patients (Figure-1).

Figure 1. Bar graphs summarizing toothbrush contamination under different conditions.

The combination of these factors produced the highest contamination levels. As shown in Table 4, brushes from poorly 
controlled diabetics stored in washrooms had the greatest pathogen prevalence: for example, S. aureus was found 
on 93.3% of these brushes versus 66.7% of brushes from poorly controlled diabetics stored outside the washroom. 
E. coli contamination was similarly higher (86.7% vs. 60.0%). These subgroup differences underline that poor 
glycemic control and unhygienic storage act synergistically to increase microbial load. In summary, diabetic status, 
higher HbA1c, and washroom storage each independently elevate toothbrush contamination, and their combination 
produces the heaviest microbial burden.

Table 4: Combined effect of glycemic control and storage in diabetic patients

Subgroup Staph (%) Strep (%) E. coli (%)
Poor, Washroom 93.3 90.0 86.7
Poor, Non-washroom 66.7 86.7 60.0
Good, Washroom 70.0 80.0 50.0
Good, Non-washroom 50.0 70.0 40.0

Discussion

The elevated microbial loads observed on toothbrushes of diabetic individuals, particularly those with poor 
glycemic control, align with established pathophysiological mechanisms [15]. Chronic hyperglycemia alters salivary 
composition, providing a nutrient-rich environment for cariogenic and opportunistic pathogens like Streptococcus 
mutans and Candida albicans [16]. These microbial shifts create a feedback loop: dysbiosis exacerbates oral 
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inflammation, which in turn worsens insulin resistance. 
Impaired neutrophil function and excessive NETosis in 
diabetic hosts further reduce capacity to clear pathogens, 
allowing biofilm proliferation on oral surfaces-including 
toothbrushes.

Globally, studies correlate rising HbA1c levels with 
periodontal disease severity, with each 1% increase 
linked to 18% higher periodontitis odds [17]. Regional 
data from Bangladesh highlight urgency, as ~10% of 
adults have diabetes amid limited dental infrastructure. 
Contaminated toothbrushes in this context may act as 
reservoirs for pathogens like Pseudomonas and E. coli, 
which were disproportionately prevalent in poorly 
controlled diabetics. These findings mirror observations 
by Ahamed et al., where diabetic brushes harbored more 
proteobacteria and antibiotic-resistant strains [18].

Clinical implications are twofold. First, glycemic control 
remains paramount to reduce oral microbial overgrowth. 
Second, patient education must emphasize toothbrush 
hygiene-thorough rinsing, air-drying upright away 
from toilets, and replacement every 3 months. Simple 
disinfection methods (5% sodium hypochlorite soaks) 
proved highly effective in trials, yet guidelines rarely 
address this. Integrating these practices into diabetes 
care could mitigate secondary infections, particularly 
in resource-limited settings where oral-systemic health 
links are underprioritized.

Storage conditions significantly influenced 
contamination. Brushes kept in bathrooms showed 
doubled E. coli and Pseudomonas rates due to toilet 
aerosols and moisture [19]. For diabetics with HbA1c 
>9%, this environment compounds risks by introducing 
enteric pathogens to immunocompromised hosts. 
Such synergies underscore the need for environmental 
modifications alongside metabolic management [20, 
21].

These results advocate for interdisciplinary collaboration. 
The WHO’s recent integration of oral health into non-
communicable disease strategies should catalyze policy 
changes, particularly in high-burden countries. Dental 
professionals, endocrinologists, and public health teams 
must jointly promote toothbrush hygiene as a low-

cost, high-impact intervention within holistic diabetes 
care frameworks. Future research should evaluate 
antimicrobial brush materials and community education 
programs to disrupt contamination cycles.

Conclusion

Poor glycemic control and unsanitary storage 
conditions significantly increase the microbial load 
on toothbrushes of diabetic patients. Our findings 
demonstrate that diabetic individuals with high HbA1c 
harbor more pathogenic organisms on their brushes, 
and bathroom storage further elevates contamination 
with enteric bacteria. Preventive measures – including 
optimal metabolic control, hygienic toothbrush 
handling, and regular replacement – are essential to 
reduce the burden of oral pathogens in diabetes.
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