A study on the Microbial diversity and Identification of microbes under acrylic nails



.     
.
              . 
                     
	.
..


.



ABSTRACT 

	The subungual environment beneath acrylic nails provides favorable conditions for microbial growth and contamination; consequently, inadequate hand and nail hygiene may pose significant health risks. This study aimed to assess the microorganisms present beneath acrylic nails. The research objectives included analyzing microbial diversity using morphological characteristics, Gram staining, biochemical assays, and antimicrobial susceptibility testing; along with evaluating hygiene practices among individuals with acrylic nails across three age groups (15–25, 26–35, and 36–45 years). Additionally, variations in microbial load among these age groups were examined using a one-way ANOVA in R Studio. A cross-sectional study design was employed over a three-week period. Samples were collected from an identified nail salon using sterile, moistened cotton swabs from nine individuals representing the three age groups. Both pre-existing (old) and newly applied acrylic nail sets were sampled, resulting in a total of 21 samples, with procedures conducted in triplicates. Samples were cultured on Nutrient Agar and subsequently sub-cultured on Tryptic Soy Agar to obtain pure cultures. The microorganisms identified included Staphylococcus spp. (59%), Klebsiella sp. (18%), Acinetobacter sp. (15%), Corynebacterium sp. (3%), Micrococcus sp. (2.02%), Bacillus sp. (2%), and Alcaligenes sp. (1%). Microbial distribution varied across age groups, with Staphylococcus spp. consistently present in all categories. Some organisms exhibited age-related patterns; for example, Acinetobacter spp. were more prevalent in individuals aged 15–25, Alcaligenes spp. were detected only in the 36–45 age group, and Bacillus spp. were identified exclusively in the 26–35 group. In contrast, Klebsiella spp. showed a relatively uniform distribution across all age groups. Statistical analysis revealed no significant differences in microbial load among the age groups (P = .12), suggesting that age is not a primary determinant of microbial abundance. Instead, factors such as environmental exposure, hygiene practices, and occupation are likely to play a more influential role. A relatively high Shannon diversity index (H′ = 6.15) was calculated, indicating a high level of microbial diversity beneath artificial nails. Essentially, these findings underscore an important public health concern, emphasizing the need for improved hand/nail hygiene education and practices among individuals with acrylic nails to reduce the risk of microbial contamination and potential infections.
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1. INTRODUCTION 
Microorganisms are ubiquitous in the environment and are also natural inhabitants of the human body [1]. Daily interaction with the environment through the hands exposes individuals to a wide range of pathogens that may contaminate surfaces and subsequently infect others [1]. Human hands therefore represent a major route for the transfer of microorganisms from the environment to the body [2]. Fingernails, in particular, harbor the highest levels of bacteria on the hands and are increasingly recognized as a potential source of health concern due to their ability to support a wide variety of microorganisms [3].
Nail hygiene is an important but often neglected factor in the transmission of infections through contact, as microbes are more densely concentrated in the subungual region than on other parts of the fingers or hands [4]. The subungual region, or the area beneath the nails, provides favorable conditions for bacterial growth [3]. Acrylic nails, commonly referred to as acrylics, are artificial nail extensions applied in nail salons using a mixture of acrylic powder and liquid monomer over the natural nail to increase strength and length [5]. Longer nails have been shown to harbor more bacteria than shorter nails and may also serve as reservoirs for pathogens such as Hepatitis B and Hepatitis C [4].
In addition, wearing acrylic nails may cause the natural nail to separate from the nail bed following trauma, creating a space in which bacteria, yeasts, and fungi can proliferate [6]. This region is difficult to clean effectively and may therefore act as a reservoir for pathogenic microorganisms [6]. Since fingernails are constantly exposed to changing environmental conditions, they are particularly susceptible to increased microbial colonization [1]. Accordingly, this study investigated the hygiene practices of individuals and the microbial diversity present beneath acrylic fingernails.
Previous studies have examined microbial colonization beneath both natural and artificial fingernails, including gel, acrylic, ABS plastic, and polished nails, particularly among healthcare workers and food handlers. These studies have also explored the effects of handwashing methods and personal hygiene practices on microbial load. However, although substantial research has focused on healthcare professionals and food handlers, limited information is available for other occupations and age groups.
Previous studies commonly report Staphylococcus species, particularly Staphylococcus aureus, as the dominant microorganisms found beneath fingernails [3,7]. Other bacteria, such as Pseudomonas aeruginosa and Escherichia coli, have also been frequently identified, whereas Salmonella and Serratia species appear less often. Artificial nails have been shown to harbor greater microbial diversity than natural nails, particularly with prolonged wear [8–12]. In addition, Gram-negative organisms such as Pseudomonas and Klebsiella have been associated with increased infection risks in settings where hygiene practices are inadequate [3,7,8,11,13]. Microbial load has also been linked to nail length, with longer nails generally containing higher bacterial counts. Furthermore, studies suggest that alcohol-based hand sanitizers and the use of soap with a nailbrush are more effective in reducing microbial load than traditional handwashing alone [10,12].
The reviewed literature also indicates a gap of more than 10 years between publications investigating microorganisms associated with artificial nails, particularly acrylic nails. Moreover, within the Caribbean and Guyana, there are no documented studies specifically examining microbial diversity beneath acrylic fingernails. The hot and humid conditions characteristic of tropical regions may further promote bacterial growth beneath these nail extensions [14].
Despite the popularity and aesthetic appeal of acrylic nails, limited information exists regarding the microbial species that may accumulate beneath them. Moisture and debris can become trapped in the subungual region, creating favorable conditions for microbial growth and pathogen proliferation [14]. Because hands are used frequently in daily activities, proper hand hygiene is essential for preventing illness [15]. However, nail hygiene is often overlooked despite its important role in infection transmission [4]. Therefore, this study aimed to address existing knowledge gaps by identifying the microbiome beneath acrylic fingernails. This objective was achieved by analyzing microbial diversity using morphological characterization, Gram staining, biochemical testing, and antimicrobial susceptibility testing. In addition, the study assessed the hygiene practices of individuals with acrylic nails across three age groups (15–25, 26–35, and 36–45 years). Moreover, variations in microbial load among these age groups were further analyzed using a one-way ANOVA in R Studio. Ultimately, this investigation was conducted on samples collected from participants to provide insight into the microorganisms present beneath acrylic nails in the tropical setting of Guyana. Results may contribute to improved nail hygiene practices and increased public health awareness.

2. MATERIALS AND METHODS
2.1 Previous Methodological Approaches
Previous studies investigating microbial diversity beneath fingernails have employed a range of sampling methods, sample sizes, culture conditions, and microbiological tests. Most studies utilized sterile cotton swabs to collect samples from artificial or natural nails, allowing for standardized comparisons with a reduced risk of contamination. Common culture media included Nutrient Agar, Blood Agar, and MacConkey agar. The disk diffusion method, together with Mueller–Hinton agar, was frequently used for antimicrobial susceptibility testing against both Gram-positive and Gram-negative isolates. Gram staining and biochemical tests including; indole production, urease, oxidase, catalase, and nitrate reduction were also widely applied for bacterial identification [1,3,7,13,16]. In contrast, one study employed an API system to identify Gram-negative bacilli, whereas others relied primarily on morphological examination and biochemical assays [11].
Notable differences were observed in sample size and participant demographics. Mengist et al. included 220 participants aged 21–30 years, the majority of whom were female [13]. In contrast, Pottinger et al. examined 112 nurses, comparing individuals with artificial nails to those with natural nails [11]. Griggs included only 16 volunteers, equally divided between artificial and natural nail users [12], while Singh et al. studied just three participants [1].
Sample preparation procedures also varied among studies. Hewlett et al. [17] used phosphate-buffered saline and collected samples on days 1, 7, and 14 to assess temporal changes, whereas Singh et al. [1] moistened swabs with sterile saline prior to sample collection. One study evaluated the effectiveness of several handwashing methods using non-pathogenic strains of Escherichia coli and feline calicivirus as indicators [10], while another focused on bacterial loads on artificial versus natural nails over time [8].
[bookmark: _GoBack]Blackburn et al. [18] implemented measures to reduce bias, such as blindfolding participants during nail preparation. Similar approaches were used to examine the influence of hand hygiene practices on bacterial populations present on nail surfaces and within the subungual region [9,18]. 
Sample handling and transport also differed. Risan [7] recommended that samples be transported to the laboratory within one hour to prevent drying, while Eberemu and Magu [3] similarly transported swab samples within one hour in a cooler to minimize drying and uncontrolled microbial growth. Most studies employed incubation periods of 24 hours at 35–37°C; however, Hedderwick et al. incubated plates at 35°C for 48 hours, followed by an additional 72 hours at room temperature [8].
Furthermore, additional methodological variations were noted. Wałaszek et al. [19] sampled 99 nurses and midwives using a sterile polystyrene loop, homogenized samples in Tryptic Soy Broth, and cultured them on Columbia Agar supplemented with 5% sheep blood. A semi-automated Phoenix system was used for microbial identification, and statistical analyses included ANOVA and chi-square tests [19]. In contrast, Albureikan and Alotaibi [16] studied only six participants and used MacConkey agar and Mannitol salt agar, followed by subculturing on Nutrient Agar and susceptibility testing on Mueller–Hinton Agar. Moreover, coagulase and catalase tests were also performed [16].
Several studies also examined the influence of acrylic nail length on microbial colonization [9,11,19]. In addition, colony-forming units (CFU) were quantified by Griggs [12], Pottinger et al. [11], Lin et al. [10], and Hewlett et al. [17], enabling quantitative comparisons of microbial load under varying hygiene conditions and between artificial and natural nails.

2.2 Experimental Design
A cross-sectional study design was employed to assess microbial diversity beneath acrylic fingernails at a single point in time [20]. This design is appropriate as it enables the identification of patterns and associations between variables such as age, hygiene practices, and microbial load in the defined population.

2.3 Sampling Site
The study was conducted at an identified nail care salon on the East Coast Demerara, Region 4, Guyana. The salon was selected due to its high client retention and regular provision of acrylic nail services. This setting provided ecological validity by reflecting real world conditions in which acrylic nails are commonly maintained. 

2.4 Sample and Data Collection
Ethical approval from an institutional review board was not required for this study. However, prior to data collection, the salon owner was informed of the study objectives, procedures, duration, and written informed consent was obtained. Upon arrival, all participants were provided with relevant information about the study and gave informed consent before sample collection. Confidentiality and anonymity were maintained throughout the study. To minimize bias, the nail technician was kindly asked not to disclose the sample collection procedure to clients before their appointments to avoid extra cleaning of the subungual region. Moreover, a brief survey was also administered during the appointment to obtain information on hygiene practices and nail care habits of the participants.
Sampling was conducted during a fixed time window (10:00am-12:00pm) over a defined 3 week period (March 31-April 14,2024). All samples were transported in a cooled environment and processed within 3 hours to minimize microbial loss or overgrowth. A cooler containing ice was used to hold a test tube rack containing the swab tubes during transportation.
Stratified sampling across three age groups (15-25,26-35 and 36-45) ensured representation across different demographic categories and allowed for structured comparison of microbial patterns. Based on age and willingness to provide microbiological samples from beneath their acrylic fingernails, nine volunteers were selected. For each age group, two samples were obtained from existing (old) acrylic nail sets and one from a newly applied acrylic nail set, which served as a positive control. Samples from old acrylic nails were collected prior to refill or removal, whereas samples from newly applied acrylic nails were collected after nail completion and the application of an alcohol-based hand sanitizer. The inclusion of both old and newly applied acrylic nail samples allowed for comparative analysis of microbial load, while triplicate inoculation of old nail samples improved reliability. The use of positive (Staphylococcus aureus) and negative (phosphate buffer) controls further strengthened the validity and accuracy of experimental procedures.
Samples were collected from the subungual region of the dominant index finger using sterile cotton swabs, moistened with 4mL phosphate buffer solution to enhance microbial recovery from the dry nail bed.
Aseptic techniques were consistently applied throughout the sample collection and laboratory procedures. Personal protective equipment (PPE) such as gloves and masks was worn during sample collection, with frequent changes after each participant to maintain aseptic conditions. 
After collection, each swab was returned to its tube and sealed. The tubes were then labeled with the participant’s age, occupation, sample number, and age group. The samples were then placed in a cooler for transport. Samples were then transported to the laboratory and streaked into triplicates. Over the three-week sampling period, three participants were sampled at the beginning of each week, yielding a total of 21 sample plates.

2.5 Media Preparation

Culture-based methods were selected due to their reliability and widespread use in microbiological studies. General-purpose media such as Nutrient Agar and Tryptic Soy Agar supported the growth of a broad range of bacteria, while standardized incubation conditions (37°C for 24 hours) ensured consistency. Media preparation followed precise measurements, sterilization parameters (121°C,15 psi, 60 minutes), and aseptic handling procedures.

Nutrient Agar
Nutrient agar was prepared by dissolving 12.5 g of powdered Nutrient Agar in 500 mL of distilled water [21]. The mixture was heated until fully dissolved. It was then transferred to a glass bottle and sterilized by autoclaving at 121°C and 15 psi for 60 minutes. After sterilization, the medium was allowed to cool in a water bath for approximately 45 minutes. It was then poured into Petri plates under a laminar airflow hood. A total of 23 plates were prepared, including positive and negative controls. The plates were left to solidify in an inverted position. They were subsequently stored at 3°C until use.

Tryptic Soy Agar
Tryptic Soy Agar (TSA) was prepared by dissolving 6.6 g of TSA powder in 100 mL of distilled water. The mixture was heated until fully dissolved. It was then transferred to a glass container, sealed, and sterilized by autoclaving at 121°C and 15 psi for 60 minutes.
After sterilization, the medium was allowed to cool. The agar was then poured into pre-labeled Petri plates divided into four sections. The plates were left to solidify under aseptic conditions.

Tryptophan Broth
Tryptophan broth was prepared by dissolving 1.6 g of powder in 100 mL of distilled water. The mixture was heated until fully dissolved. It was then transferred to a glass bottle and sterilized by autoclaving. After sterilization, the broth was allowed to cool. It was then dispensed into test tubes in 4 mL and refrigerated until use.

Urea Broth
Urea broth was prepared by dissolving 2.7 g of powder in 100 mL of distilled water. The solution was heated until dissolved, dispensed into test tubes in 4 mL volumes, sealed, and refrigerated until use.

Triple Sugar Iron Agar
Triple Sugar Iron (TSI) agar was prepared by dissolving 4.6 g of powder in 100 mL of distilled water. The medium was heated until fully dissolved. It was then dispensed into test tubes in 4 mL volumes and sterilized by autoclaving at 121°C and 15 psi for 60 minutes. After sterilization, the tubes were allowed to cool in a slanted position to form agar slants.

Simmons Citrate Agar
Simmons citrate agar was prepared by dissolving 1.7 g of powder in 100 mL of distilled water. After heating and complete dissolution, the medium was sterilized by autoclaving. It was then allowed to cool slightly, dispensed into test tubes, and left to solidify in a slanted position.

Mueller–Hinton Agar
Mueller–Hinton agar was prepared by dissolving 6.77 g of powder in 280 mL of distilled water. The solution was heated, autoclaved, cooled, and poured into Petri dishes under aseptic conditions. Plates were left to solidify and later divided into four sections to accommodate antibiotic discs.

2.6 Preparation of Swab Tubes
Phosphate buffer solution was used in the swab tubes to maintain a stable neutral pH during sampling. Under aseptic conditions, 4 mL of phosphate buffer solution was transferred into each swab tube using a sterile pipette. The tubes were sealed and refrigerated until use. Appropriate personal protective equipment was worn throughout the procedure.

2.7 Isolation of Samples
Nutrient Agar plates were removed from refrigeration and allowed to reach room temperature near the flame prior to inoculation. This was done to minimize condensation and reduce the risk of contamination. Each plate was labeled with the sample number, date, age group, time of inoculation, and researcher’s initials to ensure easy identification of samples. Sterile swabs were streaked onto the agar surface using a standardized continuous streaking technique to promote even distribution of microorganisms. The plates were then covered and incubated in an inverted position at 37°C for 24 hours to prevent moisture accumulation and ensure optimal bacterial growth.
To improve reliability and reduce random error, samples from old acrylic nail sets were inoculated in triplicate. In contrast, samples from newly applied acrylic nail sets, used as positive controls, were not prepared in triplicate, as they were intended primarily for validation rather than comparative analysis. This approach yielded 18 plates from old acrylic nail samples and 3 plates from new acrylic nail samples, resulting in a total of 21 plates.
Appropriate controls were incorporated to ensure experimental validity. A negative control was prepared by streaking sterile phosphate buffer solution onto nutrient agar to confirm the absence of contamination, while a positive control was established using a known isolate of Staphylococcus aureus to verify culture viability and growth conditions. In total, 23 plates were incubated under standardized conditions (37°C for 24 hours), ensuring consistency across all samples.

2.8 Obtaining Pure Cultures
Tryptic Soy Agar was used to obtain pure cultures. Well-isolated colonies aged 18–24 hours were transferred from Nutrient Agar to TSA plates using sterile inoculating loops. Each colony was streaked onto a labeled TSA plate and incubated in an inverted position at 37°C for approximately 24 hours.

2.9 Colony Count and Serial Dilution
To estimate colony numbers, each plate was divided into eight equal sections. One section was counted thrice, and the average was multiplied by eight to estimate the total colony count. When colony density was too high for direct counting, serial dilution (10-1 to 10-2) was performed using defined volumes to obtain countable colonies [22].

Three tubes were used: one stock tube and two dilution tubes. Each dilution tube contained 9 mL of sterile distilled water. One milliliter of stock solution was transferred into the first tube to produce a 10-1 dilution, and 1 mL of this dilution was then transferred into the second tube to produce a final dilution of 10-2 [22].
A sterile swab was dipped into the final dilution and streaked onto nutrient agar plates in triplicate. Plates were incubated at 37°C for 24 hours, and colony counts were recorded. Microbial load was calculated using the formula:
CFU = (number of colonies × dilution factor) / volume of culture plated
where the number of colonies represented the total colony count, the dilution factor represented the extent of dilution, and the volume of culture plated represented the amount of solution inoculated.

2.10 Identification of Microorganisms

2.10.1 Colony Morphology and Gram Staining
Colony morphology was assessed by observing the form, size, elevation, colour, surface, margin, opacity, and texture of colonies on the agar plates. Gram staining was then performed to identify phenotypic characteristics [23]. Smears were prepared from pure cultures, air dried, heat-fixed, and sequentially stained with crystal violet, iodine, decolorizer, and safranin. Stained slides were examined under a bright-field microscope using 40× magnification to locate the smear and 100× oil immersion for observation. Gram-positive bacteria appeared purple, whereas Gram-negative bacteria appeared pink to red [23].

2.10.2 Biochemical Assays
Since structural characteristics alone are insufficient for differentiating many bacterial species within the same genus, biochemical tests were used for identification [1]. Five assays were performed.
Catalase test
 A small amount of culture was placed on a dry glass slide, and a drop of hydrogen peroxide was added. Bubble formation indicated a positive result [24].
Urease test
Organisms were inoculated into urea broth and incubated at 37°C for six days. A change to intense magenta indicated a positive result, whereas no color change indicated a negative result [25].
Indole test
Organisms were inoculated into indole broth and incubated at 37°C for 24 hours. Kovac’s reagent was then added. A cherry red ring indicated a positive result [1].
Triple Sugar Iron agar test 
Organisms were inoculated into TSI slants using a stab-and-streak method and incubated at 37°C. Color changes in the butt and slant, as well as gas production, were recorded after 24 and 48 hours [26].
Citrate utilization test
Organisms were inoculated onto citrate agar slants and incubated at 37°C for 24 hours. Growth and a color change from green to blue indicated a positive result [27].
Negative controls were included for all tests, and positive controls were included where appropriate.

2.11 Antimicrobial Susceptibility Testing
Antimicrobial susceptibility testing was conducted using the disk diffusion method [28]. A suspension of each test organism was prepared in phosphate buffer and adjusted against a chemical turbidity standard. The suspension was streaked evenly onto Mueller–Hinton agar plates. After drying, four antibiotic discs were placed onto each plate using sterile forceps. Plates were incubated at 37°C for 24 hours, and zones of inhibition were measured in millimeters.
The antibiotic discs used were ciprofloxacin (5 mcg), amoxicillin (30 mcg), azithromycin (15 mcg), and doxycycline (30 mcg).

2.12 Bergey’s Manual of Determinative Bacteriology
Bergey’s Manual of Determinative Bacteriology was used to support the classification and identification of bacterial isolates after completion of the microbiological assays.

2.13 Data Analysis
Survey and microbiological data were entered into Microsoft Excel for organization and presentation in tables, charts, and graphs. The Shannon Diversity Index was calculated to assess microbial richness, evenness, and dominance within each age group. Trends in microbial count were also examined. Microbial load was expressed as CFU/mL for each age range.
One-way ANOVA test conducted in RStudio enabled statistical comparison of microbial load across age groups: 15–25, 26–35, and 36–45 years. Graphical representations were generated to illustrate variations in microbial diversity and load across age groups. The results were interpreted in relation to age and hand hygiene practices to better understand microbial growth among individuals wearing acrylic nails.


3. results 

Table 1. Participant Demographics and Corresponding Sample Collection 
               Details
Note. Table 1 summarizes data collected from acrylic nail wearers over a three-week sampling period (March 31–April 14, 2024). Each week, three participants were sampled, including both old and newly applied acrylic nail sets. Samples were streaked in triplicate, resulting in three samples and nine plates per batch. The number of colonies and identified microorganisms varied among batches.

	Date Collected
	Age Ranges
	Number of samples       Number of plates   
                                            (triplicates)      

	

2024/03/31 



2024/04/07
	
15-25
26-35
36-45

15-25
26-35
36-45
	           
     
           3	   9



           3 	                   9

	

2024/04/14 


	
15-25
26-35
36-45
	             

           3
	9	                                              




Table 2. Description of Colony Morphology 

	Isolates 
	Form
	Size 
	Elevation
	Colour
	Margin
	Opacity                Texture

	      1
	Circular
	Small
	Convex
	Creamy-yellow
	Entire
	Opaque               Smooth              

	      2  
	Circular 
	Small
	Flat 
	Creamy-white
	Entire
	Opaque               Smooth

	      3
	Circular
	Medium
	Flat
	Cloudy grey
	Irregular
	Translucent         Dull

	      4

      5
	Circular 

Circular  
	Small

Small
	Convex

Convex
	Creamy-white
Orange
	Wavy            Opaque
                 
Entire	Opaque
	     Smooth         

     Smooth


	      6
	Irregular
	Small
	Raised
	Cloudy-white
	Undulate
	Translucent         Slightly
                     rough/Dull

	      7
	Circular
	Small
	Convex
	Milky-white
	Entire
	Opaque               Smooth

	      8
	Punctiform
	Punctiform
	Flat
	Cream
	Entire
	Translucent          Smooth



Table 3. Characteristics of Bacterial Isolates Based on Gram Staining Test

	Isolates
	Gram Staining (+/-)
	Shape

	1
	+
	Coccus

	2
	-
	Coccobacillus

	3
	+
	Bacilli

	4
	+
	Coccus

	5
	+
	Staphylococcus

	6
	-
	Bacilli

	7
	+
	Coccus

	8
	+
	Coccus

	9
	+
	Bacilli

	10
	-
	Bacilli



Table 4. Biochemical Test Results that aided in the Identification of the   
               Isolates

	Isolates
	Catalase        Citrate      Indole         TSI (24hrs)        TSI (48hrs)         Urease

	1
	Positive
	Positive
	Negative
	     A/A
	Negative        Positive

	2
	Positive
	Positive
	Negative
	A/K
	Negative        Negative

	3
	Positive
	Negative
	Negative
	A/K
	Negative        Negative

	4
	Positive
	Negative
	Negative
	A/K
	Negative        Positive

	5
	Positive
	Positive
	Negative
	A/K
	Negative        Positive

	6
	Positive
	Positive
	Negative
	K/K
	Negative        Positive

	7
	Positive
	Positive
	Negative
	A/A
	Negative        Positive

	8
	Positive
	Negative
	Negative
	A/K
	Negative        Negative

	9
	Positive
	Negative
	Negative
	K/A
	Negative        Positive

	10
	Positive
	Positive
	Negative
	A/A
	Negative        Positive

	
	
	
	
	
	



* A/A= acid/acid, A/K=acid/alkaline, K/K= alkaline/alkaline, K/A=alkaline/acid

Table 5. The Zone of Inhibition & Inference for Antibiotic Sensitivity Testing

Table 5 illustrates the susceptibility or resistance of each microbe based on measurements in millimeters obtained from the four antibiotic discs placed on the microbial growth plate. Overall, the susceptibility trends support the previous identifications from colony morphology and Gram staining, confirming diverse microbial species and specific resistance patterns.

	Isolates
	Antibiotics
	Zone Diameter Formed (mm)
	Inference

	
1
	Ciprofloxacin
Doxycycline
Amoxicillin
Azithromycin
	2.5
>3
>3
>3

	Resistant
Susceptible
Susceptible
Susceptible

	2
	All antibiotics
	                         >3
	Susceptible


	
3
	Azithromycin
Ciprofloxacin
Amoxicillin
Doxycycline
	>3
>3
1.6
2.5
	Susceptible
Susceptible
Resistant
Resistant


	4
	All antibiotics
	>3
	Susceptible 
(mostly clear)

	5
	All antibiotics
	>3
	Susceptible


	
6
	Azithromycin
Ciprofloxacin
Amoxicillin
Doxycycline
	1.3
1.7
1.6
3
	Resistant
Resistant
Resistant
Susceptible


	7
	All antibiotics
	>3
	Susceptible 
(mostly clear)

	8
	All antibiotics
	>3
	Susceptible 
(mostly clear)

	
9
	Amoxicillin
Doxycycline
Ciprofloxacin
Azithromycin
	2.3
3
3
2.5
	Resistant
Susceptible
Susceptible
Resistant


	
10
	Amoxicillin 
Doxycycline
Ciprofloxacin
Azithromycin
	0.5
2.5
3
2.1
	Resistant
Resistant
Susceptible
Resistant

	
	
	
	





Table 6. Microbial Distribution by Age Range and Total Occurrences

[bookmark: _Hlk201540424]Note: Table 6 illustrates the distribution of microorganisms across three age ranges: 15-25, 26-35, and 36-45, based on the number of plates each organism appeared on. Staphylococcus spp. is the most dominant in all age groups, indicating that it is prevalent among individuals. Notably, Klebsiella sp. has 7 isolates in the 26-35 age range, suggesting an increase in this pathogen among young adults. Moreover, Acinetobacter sp. made up a significant portion of the population. Alcaligenes sp., Bacillus sp. and Corynebacterium sp., on the other hand, are less prevalent, particularly in younger age groups. Overall, microbial diversity increased across age groups, with seven species identified in the 15–25 group, eight in the 26–35 group, and nine in the 36–45 group.


	Microorganism identified
	Age Ranges
	Total

	
	15-25`
	26-35
	36-45
	

	Staphylococcus sp.
	7
	6
	7
	20

	Acinetobacter sp.
	7
	5
	3
	15

	Corynebacterium sp.
	0
	2
	1
	3

	Staphylococcus sp.
	7
	4
	2
	13

	Micrococcus sp.
	1
	0
	1
	2

	Alcaligenes sp.
	0
	0
	1
	1

	Staphylococcus sp.
	5
	3
	6
	14

	Staphylococcus sp.
	5
	2
	4
	11

	Bacillus sp.
	0
	2
	0
	2

	Klebsiella sp.
	6
	7
	5
	18

	Total no. of Microbes identified for each age range
	
       7
	
         8
	
            9
	




Table 7.  Shannon Diversity Analysis

	Species Richness
	Species Evenness
	Dominance
	Shannon Diversity Index

	10
	2.676
	6.747
	6.15062








Table 8. Showing Microbial Load (CFU/mL) of Bacteria Isolated From Acrylic Nail 
              Samples Across Age Groups

	

Age Range
	

Sample 
	

Dilution
	

    Plate #
	

CFU/mL
	Average Microbial Load per participant (CFU/mL)
	Average Microbial Load per age range (CFU/mL)

	     


15-25
	    
 
       S1
	   
      10-2
10-2
10-2
	
Plate 1
Plate 2
Plate 3
	
2.5 x 10-2
1.66 x 10-2
1.87 x 10-2
	

2.01x10-2
	

    
231.5




	
	     
       S6
	10-2
10-2
10-2
	Plate 1
Plate 2
Plate 3
	3.0 x 10-2
2.98 x 10-2
1.87 x 10-2
	
2.62x10-2
	

	


26-35



	
S4
	10-2
10-2
      10-2
	Plate 1
Plate 2
Plate 3
	  3.0 x 10-2
  0.94 x 10-2
  0.96 x 10-2

	
1.63x10-2


	



149.5

	
	
S5
	10-2
10-2
      10-2
	   Plate 1
Plate 2
Plate 3
	1.2 x 10-2
1.55 x 10-2
1.33 x 10-2
	
  1.36x10-2
	

	36-45
	
S2
	-
-
-
	Plate 1
Plate 2
Plate 3
	0
0
0
	
0
	

       
       222


	
	
S3
	10-2
10-2
      10-2

	Plate 1
Plate 2
Plate 3
	3.0x10-2
1.85x10-2
  1.81x10-2
	 
  2.22x10-2
	

	Ctrl 15-25
Ctrl 26-35
Ctrl 36-45
	S7
S8
S9
	10-2
10-2
      10-2

	-
-
-
	2.2x10-2
  1.2x10-2
       0
	2.2x10-2
  1.2x10-2        
       0
	      220
      120
        0


*CFU=Colony Forming Units

Table 9. The Results of One-way ANOVA test Evaluating Age range Against 
              Microbial Load (CFU/mL)
	Test
	Test Variables
	Values
	Interpretation

	One-way Anova
	Age ranges~ Microbial Load (CFU/mL)
	P-value=0.12
	>.05


*CFU=Colony Forming Units

Table 10. Demographic Characteristics of Participants with Acrylic Nail 
                Samples

Table 10 summarizes the demographic characteristics of the nine participants included in the study. Six individuals had old acrylic nail sets while three had newly applied sets. Participants represented a range of occupations including students, teachers, and service workers.

	Participant
	Nail Set Type
	Age
	Occupation
	Duration of Nails

	1
	Old
	22
	Student
	2months

	2
	Old
	45
	Cleaner
	1 week

	3
	Old
	43
	Teacher
	3 weeks

	4
	Old
	31
	Teacher
	5 days

	5
	Old
	26
	HR Clerk
	2 weeks

	6
	Old
	20
	Marketing Executive
	1 week

	7
	New
	21
	Entrepreneur
	N/A

	8
	New
	32
	Teacher
	N/A

	9
	New
	43
	Unemployed
	N/A


*Note. N/A = not applicable; new acrylic nail sets were sampled immediately after application.

Figure 1.  Total Distribution of Organisms in Petri Plates
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Figure 4. Nail Cleaning Methods of Individuals Age Range 36-45



Figure 5. Hand Hygiene Practices Across Age Ranges

Figure 5 illustrates the hand hygiene practices among three age groups: 15-25, 26-35, and 36-45. All participants indicated that they use both regular hand washing and hand sanitizer as part of their hygiene practices, among the three options available.


Figure 6. Mean microbial Count by Age Group.



4. DISCUSSION

Inadequate hand and nail cleanliness can result in health issues since the microbiome under artificial fingernails provides favorable niche for microbial growth, persistence and contamination [1]. The enclosed and moist microenvironment created by acrylic nail extensions facilitates microbial adhesion and proliferation, thereby increasing the likelihood of colonization. Although numerous studies have investigated microbial contamination associated with artificial nails, limited research has specifically focused on acrylic nails and their microbial diversity. This study therefore aimed to address this gap by examining the microbial diversity under acrylic fingernails of individuals across three age groups, while also evaluating associated hand/nail hygiene practices.
In this study, Staphylococcus spp. accounted for 59% of the microbial growth, confirming their dominance within the subungual environment (Figure 1). This finding is consistent with previous studies that reported Staphylococcus species as dominant microorganisms in similar environments [3,7]. Klebsiella sp. (18%) and Acinetobacter sp. (15%) were also identified at notable counts, supporting earlier findings that highlight the presence of Gram-negative opportunistic pathogens in nail-associated microbiota [7].  However, the relatively higher prevalence observed in this study suggests that environmental conditions or hygiene practices may influence microbial colonization. The detection of these organisms is clinically relevant, as they are associated with opportunistic infections, particularly in immunocompromised individuals or in settings with poor hygiene control. 
Less prevalent organisms were also identified, including Corynebacterium sp.  (3%) and Micrococcus sp. (2%). These organisms are typically considered part of the normal skin flora; however, their persistence beneath acrylic nails suggests that less pathogenic organisms can also thrive in the subungual environment [29,30]. While these organisms are often harmless, their presence further emphasizes the importance of maintaining adequate hand/nail hygiene. In addition, Alcaligenes sp. (1%), an organism commonly found in soil, water, and intestinal environments, its presence may indicate environmental contamination and highlights the potential transfer of environmental microbes to the subungual region [31]. This therefore reinforces the role of external exposure in shaping the subungual microbiome.
Similarly, Bacillus sp. (2%), although commonly present in environmental sources, may contribute to infections by producing toxins or antibiotic-degrading enzymes such as penicillinase [32]. Collectively, these findings highlight the importance of maintaining appropriate hygiene practices to minimize the risks associated with both commensal and opportunistic microorganisms.
Interestingly, Escherichia coli, which has been reported in several previous studies [3], was not detected in this investigation. This absence may indicate that fecal contamination was minimal among the sampled participants, suggesting relatively good basic hygiene practices. Since E. coli is primarily found in the intestinal tract of humans and animals, its absence supports the notion that direct contamination pathways were limited in the selected age groups [33].
The Shannon Diversity Index analysis (Table 7) further demonstrated a relatively high level of microbial diversity (H' = 6.15), indicating a complex microbial community beneath acrylic nails. Although ten distinct microbial species were identified, the evenness score (2.676) suggests unequal distribution, with dominant species such as Staphylococcus spp. and Klebsiella sp. exerting a greater influence on the overall community structure. The high dominance value (6.747) reflects this imbalance of these species within the microbial community. Environmental factors, particularly the warm tropical climate of Guyana may contribute to this diversity, as higher temperatures can accelerate bacterial metabolic activity and growth [14]. Additionally, the enclosed nature of acrylic nails provides a protected niche for microbial colonization.
An important observation was the apparent discrepancy between self-reported hygiene practices and actual microbial load. Survey data indicated that younger participants reported more frequent cleaning of the subungual area using tools such as brushes, swabs, or toothpicks (Figures 2 and 3). However, the microbial data did not fully support these self-reported practices. Although younger participants (15–25 years) reported frequent handwashing and sanitizer use, this group exhibited the highest microbial counts (Figure 6) at (139,000 CFU), compared to the 26–35 group (89,000 CFU), and 36–45 group (6,608 CFU). This suggests that self-reported hygiene practices may not always reflect actual microbial contamination levels, highlighting the limitations of self-reported data.
Occupational exposure may also contribute to microbial accumulation. For example, the participant with the lowest microbial count (7 CFU) worked as a cleaner and was regularly exposed to disinfectants, which may have reduced microbial colonization. In contrast, another participant within the same age group who worked as a teacher exhibited relatively high microbial counts, indicating that occupational environments may influence microbial exposure and accumulation.
The duration of acrylic nail use may also affect microbial diversity. Hewlett et al. [17] previously reported that bacterial burden increases with prolonged nail wear. This observation was supported by this investigation, as the participant who had worn acrylic nails for the longest period (two months) exhibited the highest microbial diversity. Notably, this participant belonged to the 15–25 age group and had long acrylic nails.
Across age groups, microbial diversity showed a gradual increase with 7 species identified in 
15–25 group, 8 in the 26–35 group, and 9 in the 36–45 group (Table 6). This suggests that while younger individuals may exhibit higher microbial loads individually, older individuals may harbor more diverse microbial communities overall. 
Nail length also appeared to influence microbial load. Participants in the younger age groups tended to maintain longer nails, which may increase bacterial retention if not adequately cleaned. In contrast, older participants generally maintained shorter natural nails before acrylic application, which may contribute to lower microbial counts. Lin et al. [10] similarly suggested that shorter nails are easier to clean and less likely to harbor microorganisms.
Freshly applied acrylic nail samples, collected after alcohol-based hand sanitizer application, showed similar microbial patterns but at significantly reduced levels. This finding aligns with previous studies demonstrating that alcohol-based hand sanitizers are more effective in reducing microbial load than traditional handwashing methods [12].
Statistical analysis using one-way ANOVA indicated that the differences in microbial load among age groups were not statistically significant (F = 2.115, P = .12) (Table 8). Since (P > .05) , age alone does not appear to significantly influence microbial abundance beneath acrylic nails. Instead, factors such as hygiene practices, occupational exposure, environmental conditions, and nail length may play a greater role in shaping microbial communities.
This study also contributes to existing literature by examining a broader population beyond healthcare workers and food handlers, allowing for a more comprehensive understanding of microbial diversity across different occupations and ages. Furthermore, this study specifically focused on acrylic nails rather than other artificial nail types such as gel or polished nails, which were the primary focus of many previous studies. The use of Shannon Diversity analysis also provided additional insight into microbial community structure, an approach that was not widely used in earlier studies.

5. Limitations
This investigation has several limitations that should be considered when interpreting the findings. The sample size was relatively small (n=9), which may limit the generalizability of the findings to larger populations and can possibly reduce the ability to detect significant differences between age groups. Additionally, sampling was conducted at a single nail salon, which may not fully represent variations in hygiene practices, environmental exposure or service standards across different settings. 
Reliance on self-reported hygiene practices may encourage reporting bias, as participants may overestimate their adherence to recommended hygiene practices due to social desirability. Finally, the microbial identification techniques employed may have been limited in their ability to detect less prevalent microorganisms, which may have resulted in an underestimation of the overall microbial diversity present.
Despite these limitations, the study provides valuable data and highlights important areas for  future research.


6. Conclusion

Overall, this study underscores that the subungual environment beneath acrylic fingernails supports a diverse microbial community, with Staphylococcus spp. (59%) as the most dominant organism. The presence of opportunistic pathogens such as Klebsiella sp. (18%) and Acinetobacter sp. (15%), along with a high Shannon Diversity Index (H’=6.15), highlights the potential health risks associated with microbial colonization under acrylic nails.
Moreover, less prevalent organisms like Corynebacterium sp. (3%), Micrococcus sp. (2%), Alcaligenes sp. (1%), and Bacillus sp. (2%) were also identified, raising concerns about the potential for illness transmission linked to inadequate hand hygiene. Although the 15-25 age group showed the highest microbial load (139,000 CFU), statistical analysis (P=.12) indicated no significant difference across age groups (26–35 group=89,000 CFU), and (36–45 group =6,608 CFU). Interestingly, this suggests that factors such as occupation, environmental conditions, and hygiene practices may play a more influential role. Furthermore, the survey indicated that younger participants (ages 15-25 and 26-35) demonstrated greater awareness of nail cleaning methods compared to those aged 36-45. The reduced microbial load in newly applied nails following sanitizer use further supports the effectiveness of alcohol-based hygiene measures. These findings emphasize the urgent need to enhance nail care habits, promote better hand hygiene practices, and encourage shorter nail lengths and durations of acrylic nail wear. Such improvements could significantly reduce the risk of bacterial infections and ultimately contribute to better health outcomes.

7. Recommendations
Future research should include larger sample sizes to improve the generalizability of the findings. Additionally, studies should examine acrylic nail use across a wider range of occupations and environmental settings beyond healthcare and food-handling sectors to better understand how these factors influence microbial colonization. Furthermore, the use of longitudinal study designs may allow researchers to monitor changes in microbial diversity over time within the same individuals. Such approaches would contribute to a more comprehensive understanding of microbial communities associated with acrylic nail use.
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APPENDIX

@
 Distribution in (%) of organisms 

Number of occurences in plates	
Staphylococcus sp.
[PERCENTAGE]

[CATEGORY NAME]
[PERCENTAGE]

[CATEGORY NAME]
[PERCENTAGE]

[CATEGORY NAME]
[PERCENTAGE]

[CATEGORY NAME]
[PERCENTAGE]

[CATEGORY NAME]
[PERCENTAGE]

[CATEGORY NAME]
[PERCENTAGE]

[CATEGORY NAME]
[PERCENTAGE]

[CATEGORY NAME]
[PERCENTAGE]

[CATEGORY NAME]
[PERCENTAGE]

Staphylococcus sp.	Acinetobacter sp.	Corynebacterium sp.	Staphylococcus sp.	Micrococcus sp.	Alcaligenes sp.	Staphylococcus sp.	Staphylococcus sp.	Bacillus sp.	Klebsiella sp.	20	15	3	13	2	1	14	11	2	18	

CLEANING METHODS OF AGE RANGE 15-25

AGE RANGE 15-25	





Brush	Swab	Toothpick 	Another nail 	Available tool	Does not clean under nails	1	1	1	1	0	0	
Cleaning Methods of AGE RANGE
 26 - 35

AGE RANGE	26 - 35	





Brush	Swab	Toothpick	Another nail	Available tools	Does not clean under nails	1	0	0	1	1	1	
Cleaning methods of AGE RANGE 
36 - 45

AGE RANGE	36 - 45	

[CATEGORY NAME]
0%




Brush	Swab	Toothpick	Another nail	Available tools	Does not clean under nails	0	0	0	1	0	1	
	HAND HYGIENE PRACTICES 

Regular Hand Washing	15 - 25	26 - 35	36 - 45	AGE RANGE	0	0	0	Use of Hand Sanitizer	15 - 25	26 - 35	36 - 45	AGE RANGE	0	0	0	Both	15 - 25	26 - 35	36 - 45	AGE RANGE	2	2	2	



 Total Microbial Count (CFU/mL)

 Total Microbial Count	15-25	26-35	36-45	Ctrl 15-25	Ctrl 26-35	Ctrl 36-45	139000	89000	6608	63000	84000	2	Age range Category


Average  Microbial Count (CFU/mL)
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