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Abstract
The transmission of tuberculosis has been declared as an important occupational hazard for health care workers of tuberculosis
dispensary. Here, we evaluated the filtration efficiency and respiratory resistance of different respirators along with the increase of
wear time.
Filter efficiency and breathing resistance were tested to determine the performance of different types of respirators, and the N95

respirator were simulatively worn by volunteers to determine the optimal time for N95 respirator as a tuberculosis control measure.
N95 respirator had the highest filtration efficiency (97.4%±0.3%), whereas the surgical mask could only prevent 18.4% of aerosol

particles to penetrate inside the respirator. In addition, N95 respirator and surgical mask had the highest and lowest exhalation
resistance (13.8±0.9 mmH2O vs. 1.8±0.2 mmH2O), respectively. When the volunteers wore the N95 respirator for 3 days, the
average filtration efficiency was 97.0%. In addition, there were no significant differences in the exhalation resistance of N95 respirator,
ranging from 13.8±0.9 mmH2O of 0 day to 11.6±0.9 mmH2O of 14 days.
Our results demonstrate that only N95 respirator provides promising protective efficiency for health care workers against

tuberculosis. In addition, N95 respirator could produce adequate protective efficacy after 3-day wear time.

Abbreviations: CE = european certified, NIOSH = national institute for occupational safety and health, TSI = Thermo-Systems
engineering incorporated, WHO = world health organization.

Keywords: N95 respirator, optimal time, tuberculosis
1. Introduction

The transmission ofMycobacterium tuberculosis from individ-
uals with tuberculosis to other individuals has been reported for
many years.[1,2] Particularly, this risk of transmission is greater
for the health care workers of tuberculosis dispensary, which
has been declared as an important occupational hazard.[3]

According to the estimation from the previous studies, 1% to
10% of health care workers may be infected annually in
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hospitals with more than 200 admissions per year for
tuberculosis.[4] The World Health Organization has issued
several guidelines to prevent the transmission of tuberculosis in
health care workers.[5] Among these control measures, personal
respiratory protection through the use of respirators is endorsed
as the most effective individual measure.[4] Several types of
protective measures, including surgical mask, 12-layer cotton
mask, 24-layer cotton mask and N95 respirator, have been
widely in healthcare settings, but only respirators can be used
for respiratory protection against airborne chemical hazards.
The surgical mask is effective to block large-particle droplets,
whereas it fails to protect the wearer from “inhaling airborne
contaminants.[6–8] As a consequence, the N95 respirators are
endorsed by World Health Organization to reduce the
nosocomial infection of M. tuberculosis for persons in settings
with a high risk of transmission.[5]

China has the third highest tuberculosis burden globally,
behind only India and Indonesia.[9] In a recent cross-sectional
study fromChina, the tuberculosis disease prevalence is 530 cases
per 100,000 among the health care facilities.[10] Inadequate
tuberculosis infection control in Chinamay contribute to the high
prevalence of tuberculosis among this special population. In
2009, a guideline from China’s Ministry of Health has
recommended the use of a respirator, cap and gloves by the
health care workers for specific tuberculosis infection control
measures. Unfortunately, no specific standards, including the
respirator types and the usage time, are not clearly defined till
now. In this study, we evaluated the filtration efficiency and
respiratory resistance of different respirators along with the
increase of wear time. Our aim was to establish a cost-effective
guideline for usage of personal respirator in China.
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2. Material and methods

2.1. Masks

A total of 4 different personal masks were enrolled in this study,
including surgical mask (Sinovo, Beijing, China), 12-layer cotton
mask (Tianhong, Xinxiang, China), 24-layer cotton mask
(Tianhong, Xinxiang, China), and N95 respirator (Sinovo,
Beijing, China). All these masks were widely used as infection
control measures in tuberculosis specialized hospitals of China.

2.2. Test for filtration efficiency and breathing resistance

Automated Filter Tester 8130 (Thermo-Systems Engineering
Incorporated Model 8130, Thermo-Systems Engineering Incor-
porated, the United States) was utilized to generate NaCl aerosol
with median particle diameter of 0.075±0.020mm. The NaCl
aerosol flow went through the N95 respirator with a speed of 85
L/s and a concentration not exceeding 200mg/m3. Filter
efficiency and breathing resistance were tested according to the
method recommended by the National Institute for Occupational
Safety and Health,[11] which were represented by ratio of
particles filtered by the respirator (%) and millimeter of water
column(mmH2O), respectively.[12]
2.3. Simulated wearing N95 respirator

In order to mimic a common work condition of tuberculosis
health care workers, the volunteers wore the respirators for 4
hours in the morning and 4hours in the afternoon per day, and
interrupted by a 2-hour lunch break. During the lunch break and
in the evening, the respirators were put into envelope with air
vents and hung at a ventilated place. To determine the optimal
time for N95 respirator as a tuberculosis control measure, the
volunteers wore the N95 respirators for 0.5 day (4hours), 1 day
(8hours), 2 days (16hours), 3 days (24hours), 4 days (32hours),
5 days (40hours), 6 days (48hours), 7 days (56hours) and 14
days (112hours), respectively. The filter efficiency and breathing
resistance of the respirators were tested in 1 hour after the
volunteers got off the respirators. All the experiments had been
performed in 50 times by different volunteers.
2.4. Statistical analysis

Data analysis was performed using SPSS 19.0 (SPSS Inc.). The
filter efficiencies and breathing resistances of different respirators
were compared using t t-test. P values of<.05 were considered as
statistically significant.
2.5. Ethical statement

This study was approved by the Ethics Committee of Beijing
Chest Hospital, Capital Medical University. Written informed
consent was obtained from each participate enrolled in this study.
All the subjects had the right to refuse or withdraw from the study
at any time.
3. Results

3.1. Filtration efficiency and exhalation resistance of
different respirators

These filtration efficiency data have been used to evaluate the
aerosol concentrations inside the respirator for the occupational
2

environments shown in Figure 1. Overall, the N95 respirator had
the highest filtration efficiency (97.4%±0.3%), whereas the
surgical mask could only prevent 18.4% of aerosol particles to
penetrate inside the respirator, which exhibited the lowest
filtration efficiency. As expected, the N95 respirator and surgical
mask had the highest and lowest exhalation resistance (13.8±0.9
mmH2O vs. 1.8±0.2 mmH2O), respectively. Interestingly,
although the exhalation resistance of 24-layer cotton mask
(6.6±2.1) was about twice as great as that of 12-layer cotton
mask (3.9±0.5), the 24-layer cotton mask (43.9%±3.8%) only
increased the filtration efficiency by 35.9% when compared with
the 12-layer cotton mask (32.3%±2.2%).

3.2. Efficiency loss of N95 respirator along with increasing
wear time

We further assessed the efficiency loss of N95 respirator along
with increasing wear time. As shown in Figure 2, with the
expected increase in wear time, the filtration efficiency of N95
respirator was decreased gently. When the volunteers wore the
N95 respirator for 3 days, the average filtration efficiency was
97.0%, which was higher than that recommended by European
Certified-Filtering Facepiece Particle Respirators 2. In addition,
only 19.4% of aerosol particles could penetrate the N95
respirator after 14-day wear time, exhibiting a filtration efficiency
of 80.4%. Despite being decreased in filtration efficiency along
with increasing wear time, there were no significant differences in
the exhalation resistance of N95 respirator, ranging from 13.8±
0.9 mmH2O of 0 day to 11.6±0.9 mmH2O of 14 days.

4. Discussion

There is no doubt that tuberculosis is still an important
occupational hazard for health care workers.[3] Respirator use
is an efficient measure to prevent the tuberculosis infection among
health care workers working.[13] In clinical practice, several
different kinds of respirators are widely used in China, including
surgical mask, cotton mask and N95 respirator. On the basis of
our data, only N95 respirator can provide the reliable protective
effectiveness against airborne transmission of tuberculosis for
health care workers. Notably, the most frequently used surgical
mask has unsatisfactory protection level in reducing the
occupational risk of tuberculosis. In consistent to our observa-
tion, a recent study reported that surgical mask had an estimated
efficacy within 1% of N95 respirator in preventing influenza.[14]

The significantly different protection against tuberculosis infec-
tion between surgical mask and N95 respirator is associated with
poor filtration efficiency for particles smaller than 20mm in
diameter.[14] Another interesting finding of this studywas that the
filtration efficiency produced by the double use of 12-lay cotton
mask was not increased as great as the exhalation resistance. Our
data indicate that the perfunctory increase of layers of cotton
mask will not generate the expected beneficial changes against
tuberculosis infection.
Although strong evidences have been reported that N95

respirator is the optimal choice in reducing the occupational risk
of tuberculosis,[4] the high cost of N95 respirator is a major issue
affecting the implementation of this expensive control measure,
especially in the resource-limited settings. More importantly, the
cost-effectiveness of this measure depends on its protective
duration. In this study, our data have firstly demonstrated that
N95 respirator could produce adequate protective efficacy after



Figure 1. Comparison of the filtration efficiency and respiratory resistance of different respirators.
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3-day wear time. If the unit price of N95 is set as $1, the average
daily cost of this effective measure is only $0.33. In contrast,
despite having a relative low unit cost (∼$0.2), the intrinsically
disposable characteristic of surgical mask may result higher daily
cost if the health care workers use more than 2 surgical masks per
day. In our recent study of the prevalence of tuberculosis among
health care workers in tuberculosis specialized hospitals in China,
health care workers from general hospitals with tuberculosis
clinics had the highest prevalence ratio of tuberculosis compared
with those from tuberculosis specialized hospitals, which is
majorly attributed to the improper measures essential for
prevention of nosocomial tuberculosis infection.[15] Given the
relatively high cost-effective of N95 respirator and poor
protective efficacy of other masks, the policy makers should
formulate the appropriate infection control strategy based on the
implementation of N95 respirator for health care workers.
There were also several obvious limitations in this study. First,

the methodology used in this study was based on the modeling of
NaCl aerosol particles. The authors were not trying to simulate
actual modes of transmission of tuberculosis through aerosol
particles. Second, only 1N95 respirator and 1 surgical mask were
3

evaluated in this study, and it is possible that this is not enough
representativeness to fully demonstrate the variations within
different N95 respirator models. Third, the hypothesized 8hours
per day were used to standardize the wear time of N95 respirator,
while the work load of clinicians were not taken into
consideration. Despite the above limitations, our data will
provide important hints regarding the reasonable use of
N95 respirator for health care workers against tuberculosis
infection.
In conclusion, our results demonstrate that N95 respirator

provides promising protective efficiency for health care workers
against tuberculosis, whereas both cotton mask and surgical
mask could only prevent the penetration of less than half of
aerosol particles, which will bring the health care workers suffer
from great inhalation hazard of tuberculosis infection. In
addition, N95 respirator could produce adequate protective
efficacy after 3-day wear time. Given the relative high cost-
effective of N95 respirator, the policy makers should formulate
the appropriate infection control strategy based on the
implementation of N95 respirator for health care workers to
prevent occupational tuberculosis transmission in hospitals.
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Figure 2. Description of the filtration efficiency and respiratory resistance of N95 respirator along with the increase of wear time.
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