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ABSTRACT
Used manual toothbrushes may harbor bacteria originating from the oral cavity
and surrounding environment during routine use. This study aimed to
investigate bacterial contamination of used manual toothbrushes after one
month of regular use, identify the recovered bacterial isolates, and determine
their antibiotic susceptibility patterns. A cross-sectional, laboratory-based study
was conducted in Benghazi, Libya, from January 2021 to June 2022. One
hundred participants aged 18—55 years used new manual toothbrushes for one
month before the toothbrushes were collected and examined microbiologically.
Bacterial culture, identification, and antibiotic susceptibility testing were
performed using standard microbiological procedures and the Kirby Bauer disk
diffusion method. Bacterial growth was detected on 73% of the examined
toothbrushes, while 27% showed no bacterial growth. Gram-positive bacteria
accounted for 60.3% of all examined toothbrushes, whereas Gram-negative
bacteria accounted for 39.7%. Among the recovered bacterial isolates,
Staphylococcus epidermidis was the most frequently identified organism,
accounting for 20 isolates (27.4%), followed by Streptococcus viridans with 17
isolates (23.3%). Other recovered isolates included Klebsiella spp. (9 isolates,
12.3 %), Escherichia coli (8 isolates, 11 %), Staphylococcus aureus (7 isolates,
9.6 %), Pseudomonas spp. (6 isolates, 8.2 %), Acinetobacter spp. (4 isolates, 5.5
%), and Proteus spp. (2 isolates, 2.7 %). The highest susceptibility rates were
observed for ciprofloxacin (63%) and ceftriaxone (53%), while the highest
resistance rates were observed for cefoxitin (65%) and ceftazidime (57%).
These findings demonstrate the bacterial isolates recovered from used manual
toothbrushes exhibit variable antibiotic susceptibility patterns, highlighting the
importance of characterizing their susceptibility profiles and promoting

appropriate toothbrush hygiene, storage, regular replacement.
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INTRODUCTION

Oral hygiene is an important factor in maintaining oral and general health. Tooth brushing is one of the most common
methods used to remove dental plaque and oral debris. Manual toothbrushes are used daily for oral hygiene and are
constantly exposed to saliva, oral microorganisms, food particles and the surrounding environment. Although
toothbrushes are designed to improve oral hygiene, their frequent use can result in microbial contamination and the
persistence of microorganisms on the bristles and head. Previous studies have demonstrated that toothbrushes may
become contaminated with microorganisms after use and may serve as reservoir for microbial contamination (Frazelle &
Munro, 2012; Blaustein ez al., 2021). The mouth houses a complex and diverse microbial community. Microorganisms
present in the oral cavity can be transferred directly to the toothbrush during toothbrushing. After using toothbrushes may
remain wet and become contaminated with microorganisms from the environment, hands, storage surfaces, and other
sources. The survival and persistence of microorganisms on toothbrushes may be affected by factors such as frequency
of use, storage location, moisture, ventilation, toothbrush design and use of protective covers. An updated systematic
review found that toothbrushes can become contaminated even after their first use, with the degree of contamination
potentially increasing with continued use. Environmental and storage factors, such as the increased humidity under certain
storage conditions, may also contribute to microbial persistence (Khan ef al., 2024). The potential microbiological
significance of contaminated toothbrushes has received increasing attention because microorganisms retained on the
toothbrush may subsequently be reintroduced into the oral cavity during repeated brushing. Although the clinical
consequences of toothbrush contamination have not been fully established, previous literature has recognized
toothbrushes as potential reservoirs of microorganisms and has emphasized the importance of appropriate toothbrush care
and storage. Experimental studies have demonstrated microbial contamination of toothbrushes after use, supporting the
need for greater attention to the hygienic management of these frequently handled personal-care devices. In addition to
investigating bacterial contamination, determining the antibiotic susceptibility patterns of recovered bacterial isolates
are important for characterizing their responses to commonly tested antimicrobial agents. Susceptibility testing helps
distinguish susceptible isolates from those exhibiting resistance under the conditions of the test. However, the recovery
of bacteria from toothbrushes does not necessarily indicate that these organisms cause infection or that their susceptibility
patterns represent those of bacteria circulating in general population.
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Investigating the antibiotic susceptibility patterns of bacterial isolates recovered from used toothbrushes may nevertheless
provide useful microbiological information about these isolates. Several methods have been studied to reduce microbial
contamination of toothbrushes such as chemical disinfection, regular replacement, proper storage. However, their
effectiveness may depend on the microorganisms involved, exposure conditions and the concentration of disinfectants
used. Recent evidence also supports the effectiveness of toothbrush disinfection strategies but highlights the need for
standardized protocols and further high-quality research (Agrawal et al., 2019; Li ef al., 2026). Although evidence is
available from different parts of the world, limited information is available on bacterial contamination of used manual
toothbrushes and the antibiotic susceptibility patterns of bacterial isolates in Libya, particularly in Benghazi. Local studies
are important because differences may exist in toothbrush-use practices, storage conditions, environmental factors, and
patterns of antimicrobial exposure. Thus, the present study was designed to investigate the bacterial contamination of
manual toothbrushes after 1 month of regular use by individuals in Benghazi, Libya. Local studies are important because
differences may exist in toothbrush-use practices, storage conditions, environmental factors, and patterns of antimicrobial
exposure. Thus ,the present study was designed to investigate bacterial contamination of manual toothbrushes after one
month of regular use by individuals in Benghazi, Libya .The study also aimed to identify the bacterial isolates recovered
from used toothbrush and determine their antibiotic susceptibility patterns .This research provides local evidence on the
bacterial isolates from used manual toothbrushes and their susceptibility to selected antimicrobial agents ,contributing to
better understanding their microbiological characteristics .

2. METHOD

Study Design, Setting, and Duration

This laboratory-based cross-sectional study was conducted in Benghazi, Libya, from January 2021 to June 2022 to
investigate bacterial contamination of used manual toothbrushes following one month of routine use. A total of 100
toothbrush samples were collected from participants aged 18-55 years.

Subjects and Use of Toothbrushes

Participants were provided with new manual toothbrushes and instructed to use them as part of their normal oral hygiene
routine including brushing in the morning and at night. Preliminary oral -hygiene instructions were provided before the
study. The participants were also instructed not to use antimicrobial mouth rinses during the study period. All participants
provided written informed consent before the study began, and ethical approval was obtained.

Collection and Transport of Toothbrush Specimens

On the 30" day of use, the participants were asked to place their toothbrushes in sterile transparent zip —lock plastic bags
immediately after their morning brushing. The used toothbrushes were then transported to the microbiology laboratory
under aseptic conditions and analyzed within 18 hours of the last tooth brushing. The heads of the toothbrushes were
removed with sterile gloves and forceps and sent for microbiological analysis.

Microbiological Culture

The heads of each toothbrush were placed into a sterile container with tryptic soy broth (TSB) and incubated at 37°C for
24 hours. After incubation, the cultures were plated onto appropriate media for culture including blood agar, MacConkey
agar, chocolate agar. The plates were incubated overnight at 37°C under aerobic conditions and examined for microbial
growth. Pure cultures were submitted to bacterial identification, while mixed cultures were subcultured to obtain pure
isolates.

Bacterial Identification

The isolates of bacteria were identified using standard microbiological methods based on colony morphology, Gram
staining and biochemical characteristics. The identification protocols included relevant biochemical assays, such as
catalase, coagulase and oxidase tests. Selected isolates were further confirmed by the BD Phoenix automated
microbiology system.

Antibiotic Susceptibility Testing

Antibiotic susceptibility testing was determined using the Kirby-Bauer disk diffusion method. Bacterial suspensions were
prepared from pure and inoculated onto Mueller—Hinton agar plates. Antibiotic -impregnated disk representing different
antibiotics were placed on the inoculated agar surface. The plates were incubated at 37°C for 16-24 hours. Following
incubation, the inhibition zones around the antibiotic disks’ diameters were measured to the nearest millimeter, and the
isolates were classified as susceptible or resistant according to the applicable interpretive criteria. Representative plates
showing antibiotic disks and inhibition zones observed during susceptibility testing are shown in Figure 1.
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Fig.1 Representative agar plates showing antibiotic susceptibility testing of bacterial isolates using the Kirby—Bauer
disk diffusion method. (A—D) Representative plates showing antibiotic disks and inhibition zones around the tested
bacterial isolates.

Statistical Analysis

Data were analyzed using SPSS version 23. Descriptive statistics were used to summarize bacterial contamination and
the distribution of study variables. The chi-square test was used to assess associations between bacterial growth and
selected categorical variables. Statistical significance was considered at p < 0.05.

3. ETHIC APPROVAL
The study was conducted in accordance with applicable ethical principles. Ethical approval was obtained before the
commencement of the study, and written informed consent was obtained from all participants.

4. RESULT

Bacterial Contamination of Used Manual Toothbrushes

Bacterial growth was detected in 73 (73.0%) of the examined used manual toothbrushes, whereas 27 (27.0%), showed
no bacterial growth, as shown in Table 1. Gram-positive bacterial isolates recovered from 44 (60.3%) of the examined
toothbrushes, while Gram-negative bacterial isolates were recovered from 29 (39.7%).

Table 1. Bacterial growth among examined manual toothbrushes

Bacterial growth N %
Growth detected 73 73.0
No growth detected 27 27.0
Total 100 100.0

Distribution of Bacterial Isolates

Among the 73 bacterial isolates recovered from the examined toothbrushes. The most frequently isolated bacteria were
Staphylococcus epidermidis 20 isolates (27.4%), followed by Streptococcus viridans with 17 isolates (23.3%) as shown
in Table 2. Other recovered bacteria included Klebsiella spp. (9 isolates, 12.3 %), Escherichia coli (8 isolates, 11%),
Staphylococcus aureus (7 isolates, 9.6 %), Pseudomonas spp. (6 isolates, 8.2 %), Acinetobacter spp. (4 isolates, 5.5%),
and Proteus spp. (2 isolates, 2.7 %).
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Table 2. Distribution of bacterial isolates recovered from used manual toothbrushes

Bacterial isolate No. of isolates Percentage (%)
Staphylococcus epidermidis 20 27.4
Streptococcus viridans 17 233
Klebsiella spp. 9 12.3
Escherichia coli 8 11
Staphylococcus aureus 7 9.6
Pseudomonas spp. 6 8.2
Acinetobacter spp. 4 5.5
Proteus spp. 2 2.7

Total 73(100%)

4.3Antibiotic Susceptibility Patterns

The recovered bacterial isolates demonstrated variable antibiotic susceptibility patterns across the tested antimicrobial
agents. The highest reported susceptibility was observed with ciprofloxacin (63%), followed by ceftriaxone (53%),
doxycycline (49%), and imipenem (48%). In contrast, the highest reported resistance rate was observed with cefoxitin
(65%) as shown in Table 3 and Figure 2, followed by ceftazidime (57%), amoxicillin/clavulanic acid (53%), and
tobramycin (50%). Resistance rates of 46% were reported for both cefotaxime and gentamicin, while
trimethoprim/sulfamethoxazole showed a resistance rate of 45%.

Table 3. Reported antibiotic susceptibility and resistance patterns among recovered bacterial isolates recovered from used
manual toothbrushes

Antimicrobial agent Finding Percentage
Ciprofloxacin Susceptibility 63%
Ceftriaxone Susceptibility 53%
Doxycycline Susceptibility 49%
Imipenem Susceptibility 48%
Cefoxitin Resistance 65%
Ceftazidime Resistance 57%
Amoxicillin/clavulanic acid Resistance 53%
Tobramycin Resistance 50%
Cefotaxime Resistance 46%
Gentamicin Resistance 46%
Trimethoprim/sulfamethoxazole Resistance 45%

Overall, the findings demonstrate considerable variation in the antibiotic susceptibility patterns of the bacterial isolates
recovered from the used manual toothbrushes.
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Fig3. Antibiotic susceptibility patterns of bacterial isolates recovered from used manual toothbrushes

5.DISCUSSION

The present study demonstrated that used manual toothbrushes can harbor bacterial contamination following one month
of routine use. Bacterial growth was detected on 73% of the examined toothbrushes, and both Gram-positive and Gram-
negative bacterial isolates were recovered. The higher occurrence of Gram-positive isolates suggests that these organisms
were more frequently recovered from toothbrushes under conditions examined. These findings are consistent with
previous reports showing that toothbrushes may become contaminated with microorganisms during regular use (Frazelle
& Munro, 2012; Blaustein et al., 2021). In the present study, Staphylococcus epidermidis was the most frequently
recovered bacterial isolate (27.4%), followed by Streptococcus viridans (23.3%). Other bacterial isolates included
Klebsiella spp.
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(12.3 %), Escherichia coli (11%), Staphylococcus aureus (9.6 %), Pseudomonas spp. (8.2 %), Acinetobacter spp. (5.5
%), and Proteus spp. (2.7 %). The recovery of both Gram-positive and Gram-negative bacteria indicates that used
toothbrushes may harbor a diverse range of bacterial organisms. However, the detection of these bacteria on toothbrushes
does not, by itself, establish a direct risk of infection.

The antibiotic susceptibility results demonstrated considerable variation among the recovered bacterial isolates.
Ciprofloxacin showed the highest reported susceptibility (63%), followed by ceftriaxone (53%), doxycycline (49%), and
imipenem (48%). In contrast, cefoxitin showed the highest resistance rate (65%), followed by ceftazidime (57%) and
amoxicillin/clavulanic acid (53%). The observed resistance to several tested antimicrobial agents highlights the
importance of monitoring antibiotic susceptibility among bacterial isolates recovered from commonly handled personal
hygiene devices. Previous research has also investigated antimicrobial resistance bacteria associated with toothbrushes,
demonstrating the relevance of examining their microbiological characteristics (Unahalekhaka et al., 2022).

The findings have practical implications for toothbrush hygiene and care. Appropriate rinsing after use, adequate drying,
suitable storage, and regular toothbrush replacement may help minimize conditions that favor microbial persistence.
Previous studies have investigated various toothbrush contamination methods, although their effectiveness may vary
according to the methods and the conditions of application (Agrawal et al., 2019; Li et al., 2026). Nevertheless, the
presence of bacterial contamination on toothbrushes does not necessarily establish that they directly cause infection, and
further research is required to clarify their clinical significance. Overall, the present study provides local evidence that
used manual toothbrushes may harbor bacterial contamination following one month of routine use and may carry bacterial
isolates with variable antibiotic susceptibility patterns. The findings highlight the importance of characterizing the
antibiotic susceptible profile of bacteria isolates recovered from used toothbrushes and support further research into
effective and standardized approaches for reducing microbial contamination.

6. CONCLUSION
The present study showed that used manual toothbrushes may serve as reservoirs of bacterial contamination after one
month of routine use. Bacterial growth was detected in 73% of the examined toothbrushes, and the recovered bacterial
isolates demonstrated variable antibiotic susceptibility patterns. These findings highlight the importance of investigating
the susceptibility profile of bacterial isolates recovered from used manual toothbrush and emphasize the value of
appropriate toothbrush hygiene, proper storage, and regular toothbrush replacement.
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	الملخص
	قد تحتوي فرش الأسنان اليدوية المستخدمة على بكتيريا مصدرها تجويف الفم والبيئة المحيطة نتيجة للاستخدام اليومي. هدفت هذه الدراسة إلى فحص التلوث البكتيري في فرش الأسنان اليدوية بعد شهر من الاستخدام المنتظم، وتحديد أنواع البكتيريا الموجودة، وتقييم مدى حساس...
	ومن بين البكتيريا التي تم عزلها، كانت بكتيريا "المكورات العنقودية البشرية Staphylococcus" epidermidis بـ 20 عزلة (27.4 %), تلتها "المكورات العقدية الخضراء" (Streptococcus viridans) بـ 17 عزلة (23.3%). كما شملت العزلات الأخرى كلاً من: "الكلبسيلة" Klebs...
	الكلمات المفتاحية: فرش أسنان يدوية مستعملة؛ تلوث بكتيري؛ عزلات بكتيرية؛ حساسية للمضادات الحيوية؛ مقاومة للمضادات الحيوية؛ اختبار كيربي-باور لانتشار الأقراص
	INTRODUCTION
	2. METHOD
	Study Design, Setting, and Duration
	Subjects and Use of Toothbrushes
	Collection and Transport of Toothbrush Specimens
	Microbiological Culture
	Bacterial Identification
	Antibiotic Susceptibility Testing
	Statistical Analysis

	3. ETHIC APPROVAL
	4. RESULT
	Bacterial Contamination of Used Manual Toothbrushes
	Distribution of Bacterial Isolates
	4.3Antibiotic Susceptibility Patterns

	6. CONCLUSION
	7. REFERENCES

