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ABSTRACT

One of the simplest and most effective individual measures is to wear a mask to prevent the spread of respiratory
droplets from carriers to healthy people and patients admitted to corona wards and their staff. This research
aimed to investigate the contamination of internal and external surfaces of various masks used by patients and
staff with SARS coronavirus, as well as the possibility of airborne transmission in Imam Khomeini Hospital,
Ardabil. For this purpose, twenty-five staff members and ten patients participated voluntarily in this cross-
sectional study. Sampling was performed using swaps on both sides (inside and outside) of various surgical
masks, N-95, and filtering face piece FFP2 through standard methods in compliance with the relevant conditions
and from a surface of at least 5 cm?. Next, the collected samples were immediately transferred to a laboratory and
analyzed by real-time PCR method to detect the presence of SARS-CoV-2 virus after viral genome extraction.
Based on the obtained results, from a total of 30 collected samples (25 of personnel masks plus 5 samples of
hospitalized patients’ masks). A total of 60 masks were sampled. For every collected sample, the researchers
studied both inside and outside of the mask. Upon analyzing the data, it was showed that 6 mask samples were
positive for the presence of coronavirus. Nonetheless, all samples taken from both inside and outside of the
personnel masks (N-95 and FFP2 types of masks) were negative. Among the 6 positive samples, four cases were
related to the internal part, one case to the outer part of the three-layer surgical masks, and one to the outer part
of the N-95 masks in hospitalized patients. As masks reduce the concentration of virus particles, they can play an
important role in creating immunity.

1. Introduction

COVID-19 as a pandemic (https://www.who.int/dg/sp, 2020). The
COVID-19 disease is mainly characterized by symptoms such as fever,

Since 2019, the whole world has been astonished by a new virus
called COVID-19 that can cause the severe respiratory syndrome. Studies
show that this member of coronaviruses has a close relationship with
animals such as bats (Chan et al., 2020; Cheng et al., 2020a). Actually,
72 days after the announcement of the first patient in Wuhan (China), on
March 11, 2020, the World Health Organization (WHO) declared

dry cough, and shortness of breath. Some symptoms like nausea, vom-
iting, abdominal discomfort, and diarrhea are listed, but they are not
very typical in this disease (Bai et al., 2020; Kotfis and Skonieczna--
Zydecka, 2020). Airborne transmission is one of the three commonly
accepted modes of viral transmission (Morawska et al., 2020). But there
is no certain study that approves the airborne transmission of
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coronavirus (Lewis, 2020; Morawska and Cao, 2020). The basic repro-
duction number of the new coronavirus is estimated to be in the range
between 1.4 and 3.9, and the infectivity of the virus is higher than
seasonal influenza (0.9e2.1) and Middle East Respiratory Syndrome
(MERS) (0.29€e1.44), and is close to Severe Acute Respiratory Syndrome
(SARS) (~3) (Feng et al., 2020). According to the WHO, there is no
decisive medication for the novel coronavirus, so people are obliged to
follow preventive measures (Luo et al., 2020). As a non-pharmaceutical
intervention (NPI) measure, masks can be effective to reduce the risk of
infections, lots of studies like (Jefferson et al.) have shown that wearing
a mask can be one of the important barriers to transmission of respira-
tory viruses (Jefferson et al., 2011). There are some studies that show
the use of masks significantly reduces the risk of diseases like SARS and
influenza (MaclIntyre et al., 2009; Zhang et al., 2013). We know that the
size of SARS-CoV-2 is approximately 120 nm, so it is 10-50 times smaller
than Staphylococcus auras. In fact, the size of the virus does not play a
critical role because the pathogen test for the effectiveness of surgical
masks shows that the virus is on droplets (Sommerstein et al., 2020a).
There are different types of masks used in this pandemic, including
medical masks such as N-95 respirators, cloth (homemade) masks, sur-
gical face masks, FFP2 masks, FFP2 with expiratory valve (Luo et al.,
2020; Sommerstein et al., 2020a; Jiang et al., 2020). To prevent
coivd-19 infection, cloth masks are not recommended because the
infection-test rate is very high on both parts of masks in comparison with
the medical and surgical masks (Luo et al., 2020; MacIntyre et al., 2015).
Overall, wearing a mask is very effective, and it is strongly recom-
mended that the public wear the mask during this pandemic, even
homemade masks with low efficiency (Eikenberry et al., 2020). As the
respiratory system function is like an air pump and masks act as a filter,
the COVID-19 outbreak rate can be reduced by wearing masks.
Accordingly, this research aimed to explore whether different types of
masks can prevent the spread of COVID-19 or not.

2. Materials and methods
2.1. Approval statement

This project was approved to by ethic code IR. ARUMS.
REC.1399.249 in accordance to the ethical principles and the national
norm and standards for conducting medical research in Iran.

2.2. Specimen collection, storage, and transfer

This study was performed in the corona ward of Imam Khomeini
hospital in Ardabil city. Ardabil is one of the cities affected by the
Corona outbreak and has been frequently under red alert. Ardabil city is
the capital of Ardabil province, located in the northwest of Iran. Its
population is about 625,000 people.

This research investigated the presence of coronavirus on the surface
of the masks studying the corona ward staff and patients in the hospital.
The inclusion criteria were only patients with severe form of COVID 19
who were hospitalized in the intensive care unit and the staff working in
this department in the morning and evening shifts. Other patients with
other conditions and other respiratory infections were excluded from the
study. All of these patients were men over 65 years old. Overall, 25 staff
members and 5 patients of the corona ward participated in this study
voluntarily. Samples taken for each person included the inside and
outside of the masks, so a total of 60 mask samples were collected and
analyzed. At first, the staff was justified not to touch their mask surface
at all while working. The staff, who touched their masks, were excluded
from the study. The staff who wore face shield were excluded from this
study. As the maximum shift time per person lasts for 8 h and health
protection protocols do not recommend wearing a mask for more than 8
h, sampling was done after at least 8 h of face covering. Initially, the
masks were completely sterile, and while wearing a new mask, great
care was taken not to touch it. Some participants could be corona
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positive and have the virus in their mask, so samples were taken from
both sides of the mask at the end of the shift. Participants with a positive
result in their masks were tested for their corona infection.

For this study, 60 samples were taken from 30 masks (inner and outer
side). Twenty-five samples from staff and 10 from patients’ masks. The
samples were taken from different kinds of used masks in hospitals.
Three kinds of masks were examined (three-layer surgery mask, N-95
mask, and FFTP mask). In the first step, we took the swap out of the
package and moistened it with the virus transmission medium. We
rotated the wet swab with sufficient pressure in at least two different
directions and prevented the swap from drying out. A minimum surface
of 5 cm? (central part of the mask) was selected for swapping. After
sampling, each swab was placed in Eppendorf tubes containing 300 pL of
the sterile viral transport medium (containing 200 mL of double distilled
sterile water mixed with protein stabilizer, antibiotic, and buffer solu-
tion). The swap samples were placed in a clean bag and sealed. The outer
surface of the bag was disinfected with 80-60% ethanol, 80% isopropyl
alcohol, or 5% sodium hypochlorite solution and then placed in another
package. The prepared samples were maintained at 4 °C until delivery to
the virology laboratory. We also collected control samples along with
the experimental samples.

2.3. Positive and negative control

The first set of control sample collection was performed in the same
way including opening the package and removing the swab from the
tube, but no sampling was done from any mask. The second set of control
samples involved closed swap packages which were stored and tested
with mask samples, simultaneously. The samples were centrifuged in the
laboratory for 4 min at 12,000 rpm and then the supernatant was dis-
carded and the remaining microtubule was extracted using the high pure
viral nucleic acid kit. By means of the cDNA synthesis kit, we made
c¢DNA and used appropriate primers designed for N and ORFlab genes to
perform PCR and Real-time.

2.4. Viral genome extraction

Virus genome extraction was performed using a nucleic acid
extraction kit (Gene favor) and the extracted genomes were placed in the
freezer at - 70 °C for the next step.

2.5. Running real-time PCR and data analyses

The extracted genome was placed in the reaction micro-tube along
with other reaction components to detect the SARS-CoV-2 virus. Then
the real-time PCR results were interpreted based on the kit protocol and
then the positive and negative results were determined. The following
steps were performed for virus identification: at the first stage, the
appropriate concentrations of reagents, temperature cycle, and a sulffi-
cient number of replication cycles were performed for the initial
screening stage. The specific primer and probe real-time reverse
transcriptase-polymerase chain reaction (RTPCR) targeting ORFlab and
N genes (Nucleoprotein gene) Applied Biosystems™ Real-Time PCR
System 7500 with software v2.0.5 was used to run RTPCR. Appropriate
concentrations of the synthesis reaction for real-time PCR MasterMix:
Per reaction HyO (RNAse free) 0.6 pl 2x Reaction mix 12.5 ul MgSO4 (50
mM) 0.4 pl BSA (1 mg/mL) 1 pl Primer ORFla/b _SARSr-F (10 pM stock
solution) 1.5 pl GTGARATGGTCATGTGTGGCGG Primer ORFla/b
_SARSr-R (10 pM stock solution) 2 pl CAR-
ATGTTAAASACACTATTAGCATA Probe RARP_SARSr-P1 (10 puM stock
solution) 0.5 pl FAM- CCAGGTGGWACRTCATCMGGTGATGC- BBQ
Probe RdRP_ SARSr-P2 (10 pM stock solution) 0.5 pl
FACAGGTGGAACCTCATCAGGAGATGC-BBQ, Probe nCOV_2019, N
gene F primerAAATTTTGGGGACCAGGAAC, 2019n-COV,N gene R
primer TGGCAGCTGTGTAGGTCAAC, Taq EnzymeMix 1 pl, Template
RNA, add 5 pl, Total reaction mix 20 pl. Thermal Cycler: 55 °C 10’ 94 °C
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Table 1
Primers and probes used in this study.
Organisms  Target Sequence (5'-3") Cycling
gene parameters
SARS- Probe & FACAGGTGGAACCTCATCAGGAGATGC- 55°C 10
CoV-2 Primer BBQ 94°C3
ORFla/ F-GTGARATGGTCATGTGTGGCGG 94 °C 15"
b R-CARATGTTAAASACACTATTAGCATA 58 °C 30”
45x.
Primer F-AAATTTTGGGGACCAGGAAC 55 °C 10’
&Probe R-TGGCAGCTGTGTAGGTCAA 94°C3
N gene PFAM-ATGTCGCGCATTGGCATGGA- 94°C 15"
BHQ 58 °C 30"
45x.

3/94°C 15" 58 °C 30" 45x (Table 1). It is worth mentioning that all tests
were operated in accordance with national safety protocols. Schematic
presentation of sampling from masks of patients and staff in corona
wards are presented in Fig. 1.

3. Results

In the present study, 50 samples of face masks (25 samples from the
inside part and 25 samples from the outside part of the mask) were
sampled to detect the COVID-19 virus (Table 2). The results showed that
all samples of the studied masks (three-layer surgical, N-95 and FFP2
masks) were negative in terms of the virus presence (Table 2). In this
study, sampling was performed every 8 h (in morning and evening
shifts). It should be noted that the type of hospital ventilation system at
the time of sampling was also mechanical/natural. Moreover, 5 mask
samples (five samples from the inside part and five samples from the
outside part of the masks) were sampled to check the COVID-19 pres-
ence in the masks of infected patients at the hospital. The results showed
that the inside parts of all samples were positive for the presence of
SARS-CoV-2. However, only one sample of the outlet part of the masks
(three-layer surgical mask sample) was positive for the presence of
SARS-CoV-2 (Table 3). The information about environment status at the
time of sampling from the inside and outside of different types of masks
examined to identify SARS-CoV-2 is presented in Table 4. According to
Table 4, the temperature and relative humidity at the time of sampling
in different wards of the hospital were between 19.5 and 28 °C and
33-41%, respectively. The results of the other study related to masks
used the prevention of the spread of COVID-19 are summarized in
Table 5.

=g
Coronavirus

N95 mask

FFP2 mask
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4. Discussion

During the SARS-CoV-2 pandemic, great numbers of facemasks may
be essential to be used for long times to prevent people from infections
(Long et al., 2020). In this study, we have investigated the presence of
coronavirus on the surface of the masks using the corona ward staff and
patients in the hospital. The results showed that not only the inside part
of all patients’ samples was positive for the presence of SARS-CoV-2 but
also two samples of the outside part of the masks (one N-95 sample and
one three-layer surgical mask sample) were positive for the presence of
SARS-CoV-2.

The use of N-95 facemask possibly results in uneasiness, headaches,
nausea, and vomiting. A former study (Chen et al., 2017) reported that
there was a reverse connection between the level of compliance with
wearing an N-95 facemask and the risk of clinical respiratory illness. It is
challenging to ensure high agreement due to this discomposure of N-95
facemask in all studies. Among the available literature, some have
indicated that airborne transmission of the COVID-19 virus can poten-
tially occur (Cheng et al., 2020b; Ong et al., 2020). However, a possible
hypothesis is that since the diameter of the ritual pores of the mask is
larger than the diameter of the virus, there is a possibility of virus par-
ticles leaking into the outer layer of the mask. The pore size in N-95
masks is generally 100-300 nm, while the diameter of SARS-CoV-2 viral
particles is 120 nm and the virus may be present from an infected person
no longer in the space but still in the air you are breathing (Infectious
disease physic, 2020). Although the benefit of population-level public
facial masking to protect others during the COVID-19 pandemic has
received a great deal of attention, low certainty evidence suggests that
medical masks and N-95 respirators offer similar protection against viral
respiratory infection including coronavirus in healthcare workers during
non-aerosol-generating care (Bartoszko et al., 2020). Airborne model
testing indicated that surgical masks, cotton masks, and N-95 masks
provide some safety from the transmission of infective COVID-19 how-
ever; medical masks (surgical masks and even N-95 masks) could not
entirely block the transmission of virus aerosols/droplets even when
closed (Ueki et al., 2020). Yu Wang et al. investigated transmission of
COVID-19 within relatives and close contacts responsible for the wide-
spread growth of the epidemic and found that use of face mask by the
primary case and family contacts before the primary case developed
symptoms was 79% effective in reducing transmission (Wang et al.,
2020). Similar studies have shown face mask use could result in a large
reduction in risk of infection with robust connotations with N95 or
similar masks compared with reusable surgical masks or similar (Chu
et al., 2020). Masks differ principally in their maximum internal leak

PCR results

Norm. Fluoro.

10 15 20 3
Cycle

Fig. 1. Schematic presentation of sampling from masks of patients and staff in corona wards.
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Table 2 Table 3
SARS-CoV-2 in the masks samples of hospital medical staff. SARS-CoV-2 in the mask samples of people infected with coronavirus.
Mask types Sampling Occupation of Number of Results Mask types ~ Sampling Number of Ct- ORFlab  Ct-N Results
section medical staff samples section samples gene gene
3-Layer Inside Nurse S1 Negative 3-Layer Inside S1 36.83 35.58 Positive
Surgical Nurse S2 Negative Surgical S2 34.99 33.5 Positive
Nurse S3 Negative S3 34.35 33.23 Positive
Sampler S4 Negative S4 33.62 32.42 Positive
Corona ward nurse S5 Negative Outside S1 34.39 33.92 Positive
Service staff S6 Negative S2 - - Negative
Nurse S7 Negative S3 - - Negative
Corona Emergency S8 Negative S4 - - Negative
Nurse N95 Inside S1 31.42 28.61 Positive
Corona Emergency S9 Negative Outside S1 - - Negative
Nurse
Nurse S10 Negative
Nurse S11 Negative time of sampling in different wards of the hospital, they were main-
Outside Nurse 51 Negative tained between 19.5 and 28 °C and 33-41%, respectively (Table 4). The
Nurse S2 Negative Its of f Uni . £ Ni ia. discl that .
Nurse s3 Negative resu. s 0 a. pape.r .r(.)m niversity o 1cos1a.1, isclose that a major
Sampler s4 Negative decline of virus viability happens when both high temperature and low
Corona ward nurse S5 Negative relative humidity co-occur (Dbouk and Drikakis, 2020). The respiratory
Service staff 56 Negative droplets can travel over distance and their concentration persists sig-
gg:;:a Emergency :g EZEZEXZ nificant at any temperature if the relative humidity is high. This finding
Nurse is in contradiction with what was previously supposed by many epide-
Corona Emergency ~ S9 Negative miologists (Dbouk and Drikakis, 2020). Casanova et al. used the trans-
Nurse missible gastroenteritis virus (TGEV) and mouse hepatitis virus (MHV)
Nurse 510 Negative to determine effects of air temperature and relative humidity on the
Nurse S11 Negative ist £ . th . t (C t al
N-95 Inside Nurse a1 Negative persistence of coronaviruses over the environment (Casanova et al.,
Corona ward s2 Negative 2010). At 4 °C, the infectious virus persisted for as long as 28 days, and
physician the lowest level of inactivation occurred at 20% relative humidity.
Nurse S3 Negative Inactivation was more rapid at 20 °C than 4 °C for all humidity levels.
EE:Z :g E:gzgzz Viruses persisted for 5-28 days and the slowest inactivation occurred at
Nurse 6 Negative low relative humidity (Casanova et al., 2010; Dargahi et al., 2021). In
Corona ward nurse ~ S7 Negative the study by Mecenas et al. excessive similarity was observed in the
Corona Emergency S8 Negative findings concerning the effect of temperature and humidity on the sea-
Nurse sonal transmissibility and viability of COVID-19. This research along
Service staff S9 Negative . .. . . .
. . with other similar studies consistently agree that cold and dry envi-
Physician S10 Negative X X X X
Outside Nurse s1 Negative ronments increase the power of virus spread while warm and wet cli-
Corona ward S2 Negative mates appear to decrease the spread of COVID-19 (Mecenas et al., 2020).
physician ) Table 5 summarizes of results obtained by other studies related to
EE;:: :i EZEZEK masks used to prevent COVID-19 spread. Accordingly, most of these
Nurse S5 Negative studies report that wearing a face mask can efficiently reduce the slope
Nurse S6 Negative of SARS-CoV-2 virus spread. These studies also indicate that wearing
Corona ward nurse ~ S7 Negative surgical face masks and N95 respirators can prevent the transmission of
;"mna Emergency S8 Negative human coronaviruses and influenza viruses as effectively as FFP2 masks
urse .
Service staff 59 Negative (Li et al., 2020; Leung e't all., 2.020,.Ch01? et al., 202.0).
Physician 510 Negative There are several limitations in this study; first, the number of
FFP2 Inside Nurse S1 Negative sampling concentrating on the community was small. Second, sensitivity
Service staff 52 Negative data displayed unbalanced results for preparation so more research on
Nurse s3 Negative mask structures is necessary to propose ways of overcoming the weak-
Nurse S4 Negative £ K d desi . 1 d ful K
Outside Nurse s1 Negative nesses of current masks and design optimal and useful masks.
Service staff S2 Negative
Nurse s3 Negative 5. Conclusion
Nurse S4 Negative

proportion limit. Masks such as filtering facepiece (FFP) masks were
designed to protect healthcare-workers, while three layer surgical masks
were originally proposed to protect patients. So far, no direct trial with
these masks has been published for SARS-CoV-2. Both of them can
protect the individual from large sprays and droplets neither these type
mask completely inhibits transmission, which may be due to unsuitable
usage and different transmission pathways (Sommerstein et al., 2020b;
Smereka et al., 2020). Due to the fact that masks reduce the concen-
tration of virus particles, they may play an important role in creating
immunity. The current project aimed to evaluate the effectiveness of
types of respirators and the possibility of air-born transmission of
SARS-CoV-2. Concerning the temperature and relative humidity at the

Wearing masks is a part of physical preventive measures that may
help decrease the spread of corona virus from respiratory excretions.
Although wearing a facemask alone is not adequate to offer safety or
source control, and other individual and community level measures
should also be observed to cease SARS-CoV-2 transmission. However, a
possible hypothesis is that since the diameter of the ritual pores of the
mask is larger than the diameter of the virus, there is a possibility of
virus particles leaking into the outer layer of the mask.
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Table 4
Environmental status information at the time of sampling from the inside and outside of different types of masks examined for identify SARS-CoV-2.
Mask types Occupation of medical staff Number of Status of Ventilation system Temperature Relative humidity Results
samples windows ({9} (%)
3-Layer Nurse 12 Close Mechanical/ 21.5-27.8 35.0-40.0 Negative
Surgical Natural
Sampler 2 Close Mechanical/ 27.1 36.0 Negative
Natural
Corona ward nurse 2 Close Mechanical/ 25.4 34.0 Negative
Natural
Service staff 2 Close Mechanical/ 26.9 39.0 Negative
Natural
Corona Emergency Nurse 4 Close Mechanical/ 25.5-28.0 38.0-40.0 Negative
Natural
N-95 Nurse 10 Close Mechanical/ 24.6-27.3 35.0-41.0 Negative
Natural
Corona ward physician 2 Close Mechanical/ 26.8 36.0 Negative
Natural
Corona ward nurse 2 Close Mechanical/ 25.5 35.0 Negative
Natural
Corona Emergency Nurse 2 Close Mechanical/ 28.0 41.0 Negative
Natural
Physician 2 Close Mechanical/ 24.9 36.0 Negative
Natural
Service staff 2 Close Mechanical/ 27.3 40.0 Negative
Natural
FFP2 Nurse 6 Close Mechanical/ 25.5-27.8 34.0-37.0 Negative
Natural
Service staff 2 Close Mechanical/ 27.0 36.0-41.0 Negative
Natural
3-Layer People infected with Covid- 8 Close Mechanical/ 19.5-25.8 33.0-36.0 5S.
Surgical 19 Natural Positive
N95 People infected with Covid- 2 Close Mechanical/ 20.3-24.5 34.0-35.0 18.
19 Natural Positive
acquisition. Farhad Jeddi, Methodology. Abdollah Dargahi & Mehdi
Table 5

Summary results of the other study related to masks used for prevention of
spread of COVID-19.

Raw  Study
area

Finding Ref

1 Canada NO95 respirators had clearly more effective than 23
medical masks.

The results of this study showed that wearing a face ~ 33
mask can be effectively decrease the slope of

spreading.

High quality standard surgical masks appear tobeas 27
effective as FFP2 masks in preventing health care
workers from SARS.

Study results indicate that surgical face masks could 34
prevent transmission of human coronaviruses and
influenza viruses from symptomatic individuals.

A meta-analysis of randomized controlled trials 18
showed that surgical masks and N95 respirators

were similarly effective in preventing influenza-like
illness and laboratory-confirmed influenza among
healthcare workers

Mask effectiveness for respiratory infection 35
prevention is stronger in health care than

community. N95 masks might reduce SARS-CoV-1

risk vs. surgical masks in health care settings;

however, applicability to SARS-CoV-2 is uncertain.
Community-wide mask wearing may contribute to 2
the control of COVID-19 by reducing the amount of
emission of respiratory droplets from persons with
subclinical or mild COVID-19.

All samples taken from both inside and outside of This
the personnel masks were negative (N-95 and FFP2  study
types of masks). Four positive samples were found

on the internal part, one case was related to the

outer part of the three-layer surgical masks and the

last case were related to the outer part of the N-95

masks in hospitalized patients.

2 USA

3 China

4 China

5 China

6 USA

7 USA

8 Iran

Vosoughi, Methodology, Validation, Formal analysis, Writing — original
draft. Mehdi Sarailo, Validation, Formal analysis, Supervision. Aidin
hadisi, Methodology. S.Ahamad Mokhtari, Writing - initial drafting.
Morteza Alighadri, Formal analysis, Investigation. Somayeh Biparva
Haghighi, Formal analysis, writing and text revision.
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