
Journal of Clinical and Diagnostic Research. 2023 Jul, Vol-17(7): DC01-DC04 11

DOI: 10.7860/JCDR/2023/60378.18156 Original Article

M
ic

ro
b

io
lo

g
y 

S
ec

tio
n Evaluation of Bacterial Contaminants 

on N95 FFRs after Reuse in Hospital 
Personnels: A Prospective Study in 

the Era of COVID-19 Pandemic

Rekha Singh1, aRpana Singhal2, MohaMMed abbaS ali3, TaSneeM ZahRa4, anup k Saini5, gauRav dalela6

 

INTRODUCTION
As respiratory viruses require protection from aerosol entry, there is 
need of protection against it by making a policy against transmission 
[1]. COVID-19 is a contagious disease caused by SARS-CoV-2 
virus, seventh human coronavirus identified. In December 2019, the 
first known case of COVID-19 was identified in Wuhan, China [2]. 
The disease has since spread worldwide, leading to an ongoing 
pandemic which is still going on. In India, first case of COVID-19 
was reported in Kerala on 27th January 2020.

Regular increase in COVID-19 cases led to increase in the demand 
of medical resources for personal protection and N95 FFRs, so 
judicious use of N95 FFRs and other medical resources is important 
in the era of pandemic [3]. Reuse of respirators indicates use of 
same N95 respirator multiple times but doffing after each encounter 
and keeping in storage before next use (‘donning’). For pathogens 
without contact transmission (e.g., fomites) reuse has been 
practiced [4]. Extended use indicates use of same N95 respirator 
without removing while handling many close contact encounters 
with several patients. Extended use may be of utmost importance 
where patients are infected with the same pathogen of respiratory 
origin in hospital setting. It is method of conservation of respirators 
during an outbreak, epidemic or pandemic [5,6].

Respiratory pathogens i.e., present on the respirator surface can be 
transferred by touching self or someone directly or indirectly [7-9]. 
In some studies, these can be infectious on the surface of respirator 
for a long time, in microbial transfer [10-12] and in reaerosolisation 
[13-16]. More than ~99.8% has remained trapped on the respirator 
after handling or following simulated cough or sneeze.

Frequent handwashing can be a measure to reduce the risk of 
viral transmission by 55% [17]. N95 FFRs could block 99.98% of 
viruses in aerosols [18]. N95 FFRs {(N95 refers to a National Institute 
for Occupational Safety and Health (NIOSH)-approved)} [19] was 
considered as an essential protective equipment while handling 
patients with COVID-19. Therefore, wearing N95 mask is very 
important mode of preventing the aerosol spread of COVID-19.

Infectious material reaerosolisation is not found under normal use 
conditions, but infectious material deposited on a respirator can be 
a vehicle for direct or indirect transmission. Therefore, additional 
infection control practices are needed. Decontamination of N95 
FFRs by steam sterilisation methods like humid heat with autoclaves, 
pressure cookers, or microwavable steam bags, disinfectants 
(e.g., bleach, hydrogen peroxide vapour), or Ultraviolet Germicidal 
Irradiation (UVGI) may be safe and effective in some settings [3].

The problem of insufficient supply of N95 FFRs in the hospitals 
during COVID-19 pandemic, generated the need to implement 
alternatives that allowed the reuse of N95 masks. Single-use N95 
respirators were critical to protect the staff and patients from airborne 
infections, but shortages during the crisis compelled the reuse of 
N95 masks. The potential risks and benefits of these practices may 
vary greatly across locations and may evolve rapidly during a crisis. 
The present study was intended to provide practical guidance on 
the potential risks and benefits that clinical centres should consider 
during decision making about N95 respirator reuse.

MATERIALS AND METHODS
The present study was a prospective study conducted in Government 
RDBP Jaipuria Hospital, Jaipur, Rajasthan, India from May 2021 to 
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ABSTRACT
Introduction: N95 Filtering Face-piece Respirators (FFRs) 
prevent the spread of Severe Acute Respiratory Syndrome 
Coronavirus-2 (SARS-CoV-2) infection and protect medical 
personnel. It is considered as one of the essential protective 
equipment. An increased demand for N95 FFRs during the 
Coronavirus Disease 2019 (COVID-19) pandemic has resulted 
in shortage crisis for the care of cases arising in hospitals. 
Therefore, this situation generated the need to implement 
alternatives like four mask policy that allows reuse of N95 FFRs 
in settings with limited resources.

Aim: To find out the burden of bacterial isolates on N95 FFRs 
after reuse.

Materials and Methods: The present study was a prospective 
study conducted at Government RDBP Jaipuria Hospital, 
Jaipur, Rajasthan, India, from May 2021 to October 2021 

on 526 used N95 FFRs after multiple or extended use by 96 
hospital personnel who attended Outpatient Department (OPD) 
services. Swab samples were collected from both external, as 
well as, internal surface of the mask after each use and further 
subcultured to identify any microorganism present on them.

Results: Growth of gram positive bacilli, and micrococci were 
found on 362 samples out of total 526 samples. Other bacteria 
like Pseudomonas spp. and other gram negative were also 
observed in 19 samples. Furthermore, it was also observed 
that bacterial load on reused N95 FFRs was mainly commensal 
flora.

Conclusion: Mainly commensal floras were found over internal 
and external surface of used N95 FFRs. This proves that four 
mask policy is optimum for judicious use of N95 FFRs and 
resulted in saving of funds for other more emergency works 
mainly in OPD settings.
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STATISTICAL ANALYSIS
Collected data were entered and analysed with Microsoft excel. 
The variables were presented as numbers and percentages.

RESULTS
Samples were taken from both external and internal surface from all 
N95 FFRs separately [Table/Fig-1].

October 2021. Ethical approval was taken from institution, IEC approval 
no Letter no./office /Ethics Comm./P-26/2020 Dated 9/11/2020.

Study Procedure
A total of 263 (from which 526 samples both from outer and inner 
surface were taken) used N95 FFRs after reuse by 96 hospital 
personnel (44 Doctors, 26 nursing staff, 14 paramedical staff, and 
6 ward boys and 6 ward ladies) were used as study samples. Swab 
samples were collected randomly from external and internal surface 
of the mask during random cycle of used N95 FFRs. Hospital 
personnel had followed guidelines for extended use of N95 FFRs 
issued on 08.04.2020 by All India Institute of Medical Sciences, 
New Delhi, India [19].

Every healthcare worker was provided with five N95 masks and four 
small brown covers numbered 1, 2, 3 and 4 as well as a large brown 
cover. Each N95 mask was placed in separate small paper bags and 
both the mask and the bag were labeled as 1, 2, 3 and 4. Fifth mask 
was issued as a reserve. On day 1st, one was supposed to wear the 
mask no. 1 when stepping out for duty. After returning home, one 
had to place the N95 mask in paper bag no. 1 and let it dry out for 
four days. Sunlight was not necessary. On the day 2, mask no. 2 
was worn when going to duty and after returning home, was put in 
paper bag no. 2. The same was done for mask no. 3 and 4. N95 
mask no. 1 was again used on 5th day. The exercise was repeated 
until all the four masks were used five times as recommended by 
CDC, Atlanta, USA [1,19].

All four masks were brought in a big brown bag and thrown in 
yellow waste bin in the area of posting after collection of all samples 
from masks as prescribed for the study. Each healthcare worker 
was doing six hours duty daily for 21 days continuously followed by 
one week of isolation. They were supposed to use single mask for 
six hours at stretch and 30 hours in total.

Out of 526 samples of N95 FFRs; Samples were taken from 
both external and internal surface from all N95 FFRs separately-
1st round samples (N95 masks used once only), 2nd round samples 
(N95 masks used twice), 3rd round samples (N95 masks used 
thrice), 4th round samples (N95 mask used 4 times), 5th round 
samples (N95 masks used 5 times) and more than 5th round 
samples (N95 mask used more than 5 times). Fifth round samples 
were considered during emergencies like tearing, misplacing or 
damaging of mask. Masks were disposed off after sampling. The 
sample collection was done just after duty of healthcare personnel 
got over because hourly sampling would hamper the busy working 
schedule of healthcare personnel during COVID-19 pandemic crisis.

The participants were asked to wear N95 FFRs for given time 
duration i.e., 9:00 AM to 3:00 PM. Once the specified time was 
over, they were asked to report the chief investigator for collection 
of samples from the predetermined locations. Separate swabs were 
used for external and internal surface of mask. After moistening the 
swab tips; they were swiped over twice, in a swift up and down 
motion at their designated area of N95 mask. Collected swabs 
were placed in well-labelled test-tubes, packed in Styrofoam 
containers and was transferred immediately to the Department of 
Microbiology. Swabs were immediately streaked onto blood agar, 
and McConkey’s agar; followed by overnight incubation at 37˚C. 
Colonies were identified based on their cultural characteristics such 
as size, shape, margin, edge, surface, elevation, colour of colony 
and on the basis of haemolysis on culture plate, and biochemical 
reactions such as catalase, coagulase, citrate, urease, triple sugar 
iron agar, indole, methyl red and Voges-Proskauer tests on manual 
basis. All the procedures for sample collection as well as processing 
was done under biosafety cabinet level 2 according to laboratory 
biosafety rules with the technician wearing an overall protective 
gown with gloves and eye cover.

Rounds examined for culture external surface (no.) internal surface (no.)

1st 33 33

2nd 50 50

3rd 61 61

4th 60 60

5th 44 44

More than 5th round 15 15

[Table/Fig-1]: Distribution of collection of samples from N95 FFRs.

S. 
no.

Culture 
report

gram 
positive 
bacilli 
(gpb) 
n (%)

Micrococci 
n (%)

gram 
negative 
bacteria 
(gnb) 
n (%)

Pseudomonas 
spp. only n (%)

Clear (no 
 bacteria)

n (%)

1

1st Round (n=33)

External
29 

(87.9%)
0 0 0

04 
(12.1%)

Internal
18 

(54.6%)
11 (33.3) 0 0

04 
(12.1%)

2

2nd Round (n=50)

External
40 

(80%)
09 (18%) 0 01 (2%) 0

Internal
24 

(48%)
25 (50%) 0 01 (2%) 0

3

3rd Round (n=61)

External
57 

(93.4%)
02 (3.3%) 0 02 (3.3%) 0

Internal
26 

(42.6%)
35 (57.4%) 0 0 0

4

4th Round (n=60)

External
50 

(83.3%)
07 (11.7%)

01 
(1.7%)

02 (3.3%) 0

Internal
39 

(65%)
21 (35%) 0 0 0

5

5th Round (n=44)

External
31 

(70.5%)
11 (25%)

01 
(2.3%)

01 (2.3%) 0

Internal
28 

(63.6%)
14 (31.8%)

01 
(2.3%)

01 (2.3%) 00 (0)%)

6

More Than 5th Round (n=15)

External
09 

(60%)
01 (6.7%) 03 (20%) 02 (13.3%) 0

Internal
11 

(73.3%)
01 (6.7%)

02 
(13.3%)

01 (6.7%) 0

7
Total 
(n=526)

362 
(68.9%)

137 
(26.0%)

08 
(1.5%)

11 (2.1%) 08 (1.5%)

[Table/Fig-2]: Distribution of bacteria in relation to round of sample and surface used.

Total 526 masks were taken for culture, out of these total masks, 
362 (68.9%) masks had the growth of Gram positive bacilli. Further, 
the authors observed that 137 (26%) masks had the growth of 
micrococci. Only 8 (1.5%) masks were found to be positive for 
gram negative bacteria (three were Escherichia coli and five were 
Klebsiella pneumoniae). 11 (2.1%) masks showed the growth of 
Pseudomonas. Only 8 (1.5%) N95 mask did not had any bacterial 
growth [Table/Fig-2].

DISCUSSION
The present study evaluated bacterial load on multiple used N95 
masks which shows mainly commensal bacteria. Present study 
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observed that the percentage of pathogenic bacteria was more 
after 5th round of N95 masks uses as per four mask policy.

The impact of COVID-19 pandemic in each country/region was 
influenced by the number of cases, rate of spread in the community, 
proper use of N95 FFRs, the proportion of patients needing 
hospitalisation and infrastructure of healthcare systems.

Respirators might also become contaminated with other pathogens 
acquired from patients who are co-infected with common healthcare 
pathogens that have prolonged environmental survival (e.g., 
methicillin-resistant Staphylococcus aureus, Vancomycin-resistant 
enterococci, Clostridium difficile, norovirus, etc.,) [19].

The risks of transmission of droplet sprays or deposition of aerosolised 
particles on respirators with reuse depend on types of medical 
procedures, use of effective engineering, administrative controls etc. 
During bronchoscopies, sputum induction, or endotracheal intubation, 
there is a higher chance of respirator surface contamination. It should 
be emphasised that source control of patients (e.g., asking patients 
to wear facemasks), use of a face shield over the disposable N95 
respirator, or by preventing spread of any infection is the only way to 
effectively control infectious pandemic [19].

In a study conducted on culture of used mouth mask done by 
Monalisa AC et al., it was observed that Pseudomonas spp. was 
grown in 3% of used masks while Micrococcus growth was found 
only in 1% of masks. Escherichia coli (gram negative bacilli) and 
Klebsiella spp. (gram negative coccobacilli) were found in 54% and 
5% of masks, respectively. Staphylococcus aureus (gram positive 
cocci) was found in 25% of samples [20].

In study of Luksamijarulkul P et al., a total of 230 used masks 
were collected from 214 personnel to assess the bacterial and 
fungal contamination [21]. Results revealed that isolated bacteria 
contaminated on inside and outside areas of the used masks 
were Staphylococcus spp. (34% and 41%, respectively) and 
Pseudomonas spp. (34% and 38%, respectively). Thus, results of 
Gram positive bacilli growth are almost in concordance with the 
result of present study. The growth of Pseudomonas spp. was 
found in smaller number of used masks (2.1%) in present study 
which was contradictory to the Luksamijarulkul P et al., study.

In study by Mills D et al., it was concluded that “FFR decontamination 
and reuse using UVGI can be effective. Implementation of a UVGI 
method will require careful consideration of FFR model, material type, 
and design” [22].

In a study done by Chughtai AA et al., as done to determine the 
areas of masks likely to contain maximum viral particles. Overall virus 
positivity rate was 10.1% (15/148). Commonly isolated viruses from 
masks samples were adenovirus (n=7), bocavirus (n=2), respiratory 
syncytial virus (n=2) and influenza virus (n=2). Virus positivity was 
significantly higher in masks samples worn for >6 hour (14.1%, 
14/99 versus 1.2%, 1/49, Odds Ratio (OR) 7.9, 95% Confidence 
Interval (CI) 1.01-61.99) and in samples used by participants who 
examined >25 patients per day (16.9%, 12/71 versus 3.9%, 3/77, 
OR 5.02, 95% CI 1.35-18.60) [23]. The present study correlates 
well with present study but viral parameters were used in this study 
while in present study bacterial contamination was advocated.

Two studies (Vuma CD et al., Bergman MS et al.,) reported that 
7% to 8% of N95s failed fitting after two uses and >20% failed 
after five fittings [24,25].

Park AM et al., studied low bacterial count in female that could be 
associated with a more intensive facial skincare by females than by 
males [26]. Also, high Cladosporium fungi were found in their study. 
Bacterial colony count was variable (1-1600 per plate) and fungal 
colony was 1-22 colonies per plate. Bacterial load was high on the 
face side mask as compared to fungal load which was more on 
outer side. Duration of usage had no effect on bacterial colonisation 
but fungal colonisation was more common in two days user.

Continued importance of reinforcing good hand hygiene after 
Personal Protective Equipment (PPE) removal is required for 
preventing the spread of infection.

Prevention can be done by breaking chain of transmission via 
aerosol droplets and surface contact which can be achieved by 
social distancing, staying indoors, washing hands regularly with 
soap atleast 20 seconds or using alcohol-based hand sanitisers 
and most preferably by using N95 FFRs. Due to short supply of 
these, alternative strategies were also applicable for judicious use of 
these N95 respirators.

Limitation(s)
Only specimens of the healthcare workers were sampled but not 
from patients. The persons collecting the samples must be blinded 
for the duration of use of N95 FFRs. The present study was a 
single centre study, preferably must be multicentric.

CONCLUSION(S)
Health authorities should consider global N95 FFRs shortage and 
provide recommendations which are feasible for reuse of N95 
respirators. Regulatory agencies must implement strategies for 
decontamination and/or reusing procedures. The reuse of N95 
respirators have become the last resort, crucial to maintaining the 
healthcare worker protected during the response to COVID-19 
pandemic and other respiratory virus pandemic. Therefore, four 
masks policy can be easily applied in OPD settings for extended use 
as well as reuse. It will further also help in reducing the economic 
burden on the government.
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