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Abstract 

Background: Prolonged usage of face masks without proper hygiene could lead to disruption of 
skin and nasal microbiome or respiratory infections. Hence, we aim to evaluate the risk of 
bacterial contamination on usage of face masks between four hours and seven hours. 

Methodology: Thirty (n=30) randomly selected preclinical undergraduate medical students 
were randomly selected to wear face masks for four hours and seven hours on different days. 
There was no restriction in their verbal interaction and physical activities during their mask-
wearing period. After use, the masks were swabbed and cultured on Mannitol Salt Agar (MSA). 
Colony-forming units (CFU) were counted, followed by gram staining and coagulase test. 
Staphylococcus aureus was identified to assess contamination levels. 

Results: The overall bacterial count on the surface of the face masks increased with extended 
wearing time. In terms of Staphylococcus aureus, a significant elevation of 83.33% was found 
between four hours and seven hours (p<0.05). 

Conclusion: This study suggested the longer the duration of mask usage, the higher the bacterial 
load observed, indicating a proportionate increase in contamination risk. 
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1. Introduction 

 
The era of the coronavirus disease 2019 (COVID-
19) has led to the mandatory use of face masks in 
public settings especially in healthcare settings. The 
public use of face masks has been shown to be 
effective in limiting the transmission of COVID-19 
(1,2). Moreover, individuals wearing face masks are 
reported to be protected from various infections 
(3,4). However, for a face mask to be effective, it has 
to be used correctly with proper storage, hand 
hygiene, and proper disposal of the used mask as 
published by the World Health Organization (WHO) 
(5). 
 
Under suitable conditions, most of the bacteria and 
fungi have the capability to adhere, survive and 
multiply on the surface of various objects and 
materials. Face masks being a source of bacterial or 
viral contamination in community and clinical 
settings has been shown in previously conducted 
studies (7,9,10). Delanghe et al. found out that the 
microbiome on the surgical masks after four hours 
of usage mainly consisted of Staphylococcus spp., 
specifically S. epidermidis and S. aureus which are 
normal flora on our skin (9). Even though as skin 
flora, they are still capable of causing certain skin 
infections such as acne vulgaris and atopic 
dermatitis (11). Prolonged use of face masks creates 
a humid and occlusive environment, combined with 
friction and heat, which disrupts the cutaneous 
barrier and promotes microenvironmental changes 
favorable to pathogen overgrowth.  
 
A study by Kaur T et al. showed that prolonged 
usage of mask can bring about negative cutaneous 
impact to the wearer such as maculopapular rash, 
mask-induced acne and contact dermatitis (6,19). 
Other than dermatological aspect of side effects, 
there are also reports on breathing difficulties and 
headache after wearing face masks for an extensive 
period of time (7,18).  Moreover, it is also suggested 
that an individual may risk acquiring respiratory 
infections through extended use or reuse of face 
masks due to pathogens adherence on the used mask 
layer (7,8). Several literatures explained that these 
symptoms were mostly due to the hot, moist air 
trapped beneath the mask, providing an optimal 
environment for bacterial growth (6,7).  These 
alterations not only exacerbate inflammatory 
dermatoses but also increase the risk of colonization 
by methicillin-resistant Staphylococcus aureus 
(MRSA), a pathogen strongly associated with 
hospital-acquired infections (HAIs) (23,24).  

 
In 2020, WHO advised that the maximum time length 
for mask usage should be four hours as the wearer’s 
tolerance start to deteriorate after the duration (5). 
The issue of wearing face masks for an extensive 
period of time should be addressed to the public in 
effort to raise their awareness. Although there are 
plenty of studies revolving around the effects of 
prolonged mask usage, there is insufficient study to 
come up with a definite duration of time period 
whereby face masks can be worn with minimal risk 
of self-contamination (7). Radonovich et al. reported 
that the average tolerance time of a person wearing a 
surgical mask is 7.7 hours (12). A multicenter cross-
sectional study in China reported that almost 46% of 
both healthcare workers and the general population 
experienced skin barrier damage from mask use. 
Longer daily wear time was significantly associated 
with increased risk of respiratory diseases (25). In 
contrast, as mentioned earlier, WHO suggested the 
use of face mask of up to four hours as going beyond 
that duration would cause discomfort to the wearer, 
and hence should be avoided. While, many other of 
the studies did not report on the bacterial load at 
particular timings and there is inadequate analysis 
done on the bacteria load on face masks at different 
time periods. Therefore, more studies should be done 
on bacterial loads at different point of time to 
reinforce the recommendations on the duration that 
face masks can be worn with minimal risk of self-
contamination that may potentially lead to respiratory 
infections or harmful for immunocompromised 
patients.  
 
The bacterial load on the surface of the face masks at 
different time periods was mainly focused in this 
study. This study was aimed to identify the presence 
of Staphylococcus aureus that are found on the 
surface of the face masks by culturing the microbes 
isolated from the face side of the masks. 
Staphylococcus spp. became the ideal subject of 
interest in this study as studies showed that this 
species of bacterium was mostly cultured from both 
surfaces of the used masks (9). Staphylococcus 
aureus was utilized as a marker to evaluate the 
bacterial load for different duration of mask usage. 
 
Preclinical undergraduate medical students were the 
pool of selection for the samples in this study. Firstly, 
it is one of our objectives to enhance the 
understanding of preclinical undergraduate medical 
students on the risks of prolonged usage of face 
masks, and secondly, it is to encourage the preclinical 
undergraduate medical students to practice proper 
mask hygiene, so they could ensure patients’ safety as 
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well as their own when they were to attend to 
patients in their future years as a doctor. It is also 
important to acknowledge that the utilization of face 
masks and adherence to hygiene practices may also 
represent significant contributors to nosocomial 
infections. 

 
2. Methodology 

 
2.1 Study Design 
A quantitative descriptive study was conducted to 
investigate bacterial contamination of face masks 
among preclinical undergraduate medical students. 
Thirty preclinical undergraduate medical students 
from Year 1 and Year 2, with age ranging from 19-
26 were randomly selected as participants. Healthy 
participants were given new, disposable surgical 
face masks (MEDICOS, Malaysia) and were asked 
to wear it for a period of four hours and seven hours 
during their usual academic schedule on two 
separate days. There was no restriction in their 
verbal interaction and physical activities during their 
mask-wearing period. Participation in this study was 
voluntary. A consent form was distributed to 
participants to obtain their consent to be part of this 
study. In total, 30 face masks were used as the 
experimental sample size for both the stipulated time 
durations.  
 
2.2 Sample Collection 
On day one of the first week, face masks were 
provided to 15 medical students from Year 1 and 15 
medical students from Year 2 to be worn for four 
hours. The face masks were then collected from the 
students and placed into sterile, individual resealable 
bags. Sterile gloves were used for all mask handling, 
and no area of the mask was touched or exposed to 
non-sterile surfaces. All of the collected masks were 
brought to the lab within an hour and kept in a cooler 
box at 4°C. The same procedures were repeated on 
the following day with the duration of face masks to 
be worn being seven hours.    
 
2.3 Microbial Culture 
In this experiment, Mannitol Salt Agar (MSA) agar 
plates were utilized to culture the microbes present 
on the face masks. Isolation of Staphylococcus spp 
present on the face masks were done by swabbing 
the face-side of the face masks using sterile cotton 
swabs and spreading it directly onto MSA agar plate. 
The plates were incubated at 37℃ under aerobic 
condition for 48 h in an incubator.  
 
2.4 Colony Count 
To estimate the colony-forming unit (CFU) on each 

agar plates, the colonies formed on the agar plates 
were manually counted. The concentration of the 
microbes grown on the culture plates were 
enumerated. 
 
2.5 Gram Staining   
Gram staining was performed with the colonies found 
on the MSA plates to differentiate the bacterial 
isolates. Firstly, a single colony was placed on a clean 
glass slide, heat-fixed, and then followed by the 
standard Gram staining procedure. The slide was first 
stained with crystal violet solution (0.1%) for 1 
minute and then washed, followed by iodine (0.1%) 
for 1 minute and washed and then decolorized with of 
ethanol for 30 seconds. Lastly, safranin (0.5%) was 
poured onto the slides for counterstaining for 1 
minute and washed. The slides were then observed 
under a light microscope at 1000x magnification 
using oil immersion for bacterial identification (14).   
 
2.6 Coagulase test  
The coagulase test was used to determine whether 
Staphylococcus aureus produced the coagulase 
enzyme, which allowed it to be distinguished from 
other Staphylococcus species. Using the slide 
method, a tiny quantity of a fresh bacterial colony was 
emulsified in a drop of rabbit plasma on a sterile glass 
slide and gently mixed. A positive result, verifying 
the presence of S. aureus, was indicated by the 
formation of visible clumping or agglutination within 
10-30 seconds (15).   
 
2.7 Statistical Analysis 
A paired-sample t-test was conducted using SPSS 
21.0 for Windows for statistical analysis of the data 
that were obtained. It was done to ascertain if there 
was a significant difference between the bacterial 
loads at two points of time. The significance level was 
set at p<0.05. 

3. Results 
 

This study shows that under normal settings, face 
masks may accumulate significant bacterial loads, 
including potential pathogenic species. The bacterial 
load of 30 surgical face masks worn by 30 preclinical 
undergraduate medical students for four hours and 
seven hours were determined. The four-hour cut-off 
point in this study was decided based on WHO, as they 
suggested the average safe time range a face mask can 
be worn is up to four hours (5). There are studies which 
have had their participants wearing the face mask for 
up to eight hours. The outcome of these studies showed 
that the participants had significant decrease in their 
well-being, such as having headaches, difficulty in 
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breathing and discomfort (7,12). Therefore, 
considering the participants’ well-being, we chose a 
safe period of seven hours.  

Representing the total number of colonies after four 
hours of wearing the surgical face masks, statistically, 
they contained a mean of 32.667 (SD = 20.373) and 
for the duration of seven hours, the surgical face 
masks contained a mean of 42 (SD = 24.868) as shown 

in Fig.1. A paired t-test was done to evaluate the 
difference in total number of colonies after four hours 
and seven hours. The results obtained showed 
significant difference (P = 0.038, P < 0.05) as seen in 
Fig.1 with the mean total number of colonies after 
seven hours (42 ± 10.152) [mean ± standard error of 
the mean (SEM)] being higher compared to that of after 
four hours (32.667 ± 8.317) [mean ± SEM] shown in 
Fig.1.  

 

Fig 1: The mean and standard error of the mean (SEM) of number of colonies against face mask wearing time. The 
longer the wearing time, the higher the colony count., (*) significant difference: p = 0.05 

 

The bacterial count on the face-side of the surgical 
face masks increased by 27.27% with prolonged 
wearing time when compared between four hours and 
seven hours. Particularly concerning are opportunistic 
pathogens like Corynebacterium, Staphylococcus 
which can cause infections when host immunity is 
weakened even though they are a natural element of 
the human microbiota (20). These opportunistic 
organisms can survive and possibly grow in the 
presence of favorable conditions such as humidity and 
nutrition availability on mask surfaces, raising the risk 
of skin irritation, respiratory tract infections, and in 
extreme situations, systemic disease (21).  

Additionally, prolonged mask usage may 
unintentionally act as a transient reservoir for resistant 
strains of these infections because some of them have 
acquired or intrinsic antimicrobial resistance pathways 
(22).  

As for yellow colony count, a significant elevation of 
83.33% was observed between both the duration of 
wearing time as seen in Fig. 2. The mean and standard 
error of the mean (SEM) were shown in the bar chart 
as shown in table 1. 
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Table I: Average number of colonies on face masks after a duration of four and seven hours, (*) significant 
difference: P<0.05 

Categories Duration n Mean (CFU) SD (CFU) SEM (CFU) p value 

Total colony 4 h 15 32.667 20.373 8.317 
0.038* 7 h 15 42.000 24.868 10.152 

Yellow colony 4 h 15 6.167 5.636 2.301 
0.034* 7 h 15 11.000 6.782 2.769 

 

Wearing time (hrs) MSA agar plate 
4 

 
7 

 
Figure 2: The number of yellow colonies obtained on MSA agar plate at 4 and 7 hrs. 

 

Through this study, it was demonstrated that there 
were higher loads of bacteria with prolonged use of 
face masks through the comparison between two time 
points. In Fig 1, a significant trend of the bacterial load 
at four hours and seven hours was exhibited. The 
colony count of face masks after seven hours was 
higher. 

Nonetheless, several other studies concurred with the 
findings in this study. A similar study conducted by Li 
et al. was based on how surgical masks could be the 
source of bacterial contamination during lengthy 
operative procedures by health care professionals 
(10). The results indicated that the bacterial count on 
the surface of the surgical masks worn by the health 
care professionals elevated significantly with 
extending operating time (8). Parallelly, another study 
also indicated a higher bacterial load on face masks 
after wearing for four hours compared to the initial 
bacterial load on new, not-worn face masks (9). 
However, a study done by Park A-M et al. stated 
otherwise. They discovered that the bacterial colony 

counts did not relate to the increase in duration of mask 
usage. They further concluded that it was possibly due 
to the used masks not being worn and were left 
untouched for a period of time, and that caused the 
moisture index of the face masks to be disrupted (8). 
Moreover, it was reported that extended mask use may 
provide resistant pathogenic strains with a temporary 
reservoir, enabling them to survive in close contact 
with the wearer’s respiratory and dermal surfaces. Such 
conditions may increase the risk of cross-
contamination and potential transmission of 
antimicrobial-resistant (AMR) bacteria, thereby 
contributing to the broader public health challenge of 
AMR (22). 

Gram staining was conducted by considering the 
colonies grown on the MSA agar to identify the 
bacterial species. Both yellow and non-yellow colonies 
appeared as Gram-positive cocci, arranging in clusters 
as shown in Fig. 3. Similarly, in the study done by Park 
et al., majority of the small yellow and non-yellow 
colonies were found to be Gram-positive cocci in 
clusters (8). An investigation of microbial growth on 
face masks conducted by Amir et al. also identified the 
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bacteria present on face masks are coccus in shape 
(13,17).  Further coagulase test was subsequently 
performed on the isolated yellow and non-yellow 
colonies cultured on nutrient agar to differentiate 
coagulase-positive Staphylococcus aureus from 
coagulase-negative staphylococci. The yellow 
colonies produced coagulase-positive results, as 
visible clumping was observed, suggesting a high 
likelihood that these colonies were S. aureus. In 
contrast, the non-yellow colonies yielded coagulase-
negative results, with no clumping observed (data not 
shown). The detection of S. aureus on used face masks 
is noteworthy, as this organism is a common 
opportunistic pathogen capable of causing a spectrum 
of infections ranging from superficial skin conditions 
to severe systemic diseases (20,21). Of particular 
concern is the potential presence of methicillin-
resistant S. aureus (MRSA), which contributes 

significantly to the global antimicrobial resistance 
crisis. The persistence of S. aureus on mask surfaces 
during prolonged use underscores the potential risk of 
transmission and highlights the importance of proper 
mask hygiene and timely replacement to reduce the 
spread of resistant pathogens (22). Prolonged usage of 
face masks without proper replacement greatly 
increases bacterial burden, including opportunistic and 
potentially resistant infections like Staphylococcus 
aureus (5) In clinical and community settings, 
inadequate mask hygiene can cause masks to become 
reservoirs for antimicrobial-resistant bacteria, 
increasing the risk of hospital-acquired infections 
(HAIs) and community-associated transmission 
(22,23). Regular mask change, careful handling, and 
adherence to infection prevention practices are 
essential low-cost, high-impact methods for mitigating 
AMR spread and HAI incidence (23). 

 
Fig 3: Photomicrograph of Gram stain of yellow (a) and non-yellow colonies (b) cultured on MSA agar under 100x 

magnification. 

 

It is important to acknowledge that this study had 
several limitations that should be addressed. First, the 
area of interest in this study was only the face-side of 
the face mask because it is reported in other study that 
the colony count found on the face-side of face mask 
is around 13 times higher than the outer side of face 

mask (8). Furthermore, improper use of face masks can 
undermine the protective effect of masks and possibly 
raise the risk of self-contamination, like frequent 
touching, wearing soiled masks, or improper storage. 
Such challenges highlight the necessity of thorough 
instruction on mask hygiene, regular observation, and 
institutional assistance, such as the provision of 
hygienic mask substitutes (8,16). 

 

4. Conclusion 
This study found an increase in bacterial load on the 
face-side of masks worn between four and seven 
hours, with significantly more total and yellow 
colonies on masks worn for seven hours. The results 
provide valuable insights into bacterial 
accumulation on face masks over different time 

intervals, which is particularly relevant for preclinical 
medical students as they advance in their medical 
training. Understanding these dynamics is crucial for 
ensuring both patient and personal safety, 
emphasizing the importance of proper mask usage 
and adherence to hygiene protocols in preventing 
nosocomial infections. Further research is needed to 
determine the optimal safe duration for mask use to 
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reduce the risk of self-contamination.  
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