International Journal of Legal Medicine (2023) 137:311-317
https://doi.org/10.1007/500414-023-02945-y

ORIGINAL ARTICLE q

Check for
updates

Evaluation of face masks as a valuable forensic DNA evidence
in the post-COVID era

Hirak Ranjan Dash'® - Mansi Arora' - Subia Khatoon'

Received: 22 September 2022 / Accepted: 2 January 2023 / Published online: 7 January 2023
© The Author(s), under exclusive licence to Springer-Verlag GmbH Germany, part of Springer Nature 2023

Abstract

After the onset of COVID-19 pandemic, a sharp surge in the usage of the face-masks throughout the globe has been observed.
Pre-experiment survey of 252 individuals indicated a higher use of cotton-make masks (41%), followed by N-95 make (31%),
and surgical disposable masks (26%). It was also further revealed that a higher fraction of individuals wear a face-mask more
than 3 times (37%) before its disposal. In order to assess the potential usability of different mask types as forensic DNA
evidence, a study was conducted on 50 healthy individuals. DNA content of different fractions such as the portion of mask
covering the mouth region and the ear-piece showed a good source of host DNA. Though no statistically significant differ-
ence (P <0.05) was found in the DNA quantity obtained from different face mask types, an increasing trend was obtained
in the order: cloth make type (7.031 £0.31 ng), N-95 make (4.711 +0.15 ng), and surgical disposable type (2.17 £0.13 ng).
The time of wearing of a face-mask showed a positive correlation with the yield of DNA irrespective of the face-mask type
used. Samples retrieved from both the portions covering the mouth area and the ear-piece showed a good source of genomic
DNA yielding an average of 4.82+0.11 ng and 4.44 +0.10 ng of DNA, respectively. Irrespective of the face-mask types,
number of reuse, and the portion of the mask, 66.66-96.11% of samples showed a complete autosomal STR DNA profile.
This suggests that if a face-mask is found at the crime scene, it should be collected and preserved as a potential source of
DNA evidence for routine forensic DNA analysis.
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Introduction someone whose nose and mouth are uncovered; hence, the
transmission of the virus is minimized.

The COVID-19 pandemic has revolutionized the life-style Face masks exist as an established habit since the SARS

of the human beings. Nowadays, hand sanitizers and face
masks have become an integral part of the survivors of this
virus. Hand sanitizers kill microorganisms and have been
recommended by the World Health Organization (WHO) as
a useful controlling agent in spreading the virus [1]. Simi-
larly, a face mask is recommended as a necessary tool to
handle the outbreak as it protects against many respiratory
infections that can spread through the droplet route including
coronavirus and other flu [2]. Face masks prevent the expo-
sure of a person from droplets which are originated from
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epidemic in 2003 in many Asian countries. In countries like
China and South Korea, face masks are routinely used to
protect the citizens from air pollutants as well. However,
in western countries, face masks present a rare social set-
ting [3]. With the onset of the COVID-19 pandemic, many
countries have urged for mandatory use of face masks in
public places [4]. It has been reported that mask usage has
increased gradually post-COVID-19 which is dependent on
socio-demographic factors, risky social behaviors, and mask
policies [5]. Though vaccination provides a solution to mini-
mize the risk of COVID-19 infection, a recent simulation
study showed that maintaining face mask use until or after
a short time of achieving final vaccination coverage levels
is cost-effective as well as cost-saving. Besides, with the
emergence of the omicron variant and the prospect of future
variants which may reduce the vaccine effectiveness, the use
of face masks must be continued among the individuals [6].
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With the increased awareness among the public and global
policy making of wearing masks compulsorily, a variety of
alternative masks other than N95/FFP2 respirators such as
the surgical masks and simple cloth masks are regarded as
a pragmatic solution for public use [7]. Out of all the masks
used globally, the N95 mask type has been reported to pro-
vide more safety and security than any other available mask
type [8].

Currently, forensic DNA analysis relies on the repeatabil-
ity of Short Tandem Repeat (STR) markers from routine bio-
logical exhibits. Advanced molecular techniques with high
specificity and sensitivity are being explored now-a-days for
their use in forensic DNA analysis. A recent observation by
Aparna et al. [9] highlighted the use of certain uncommon
body fluids such as tears to be used for generating a DNA
profile. The routine biological exhibits include the stains of
various body fluids, bones, teeth, and other trace evidences.
With the increased use of face masks globally, it can be
envisioned as a suitable source for forensic DNA analysis.
Face masks worn by the individuals for a prolonged period
of time disseminate their saliva in the inner portion of the
mask which can be explored as a suitable DNA source. With
the advent of touch DNA analysis and requirement of trace
quantity of DNA, transfer of body’s cells around the ear
piece segment of face masks can also serve as a source of
DNA for forensic analysis. Though the use of face masks
has increased in the post-COVID era, the saliva traces on
the perpetrator’s mask have been attributed to a particular
criminal long back in 1996 by DNA analysis [10]. Increased
breathing through the open mouth under the mask has been
reported [11] which increases the chance of transfer of body
fluid from mouth to the mask. As the use of face masks has
increased manifold in the post-COVID era, the chance of
getting any such evidentiary materials from a crime scene is
highly likely. Analysis of DNA from these body fluids found
on the face mask can provide a huge clue regarding the iden-
tification of a perpetrator of a crime. Hence, a novel attempt
has been made to assess the usefulness of face masks as a
source of DNA for forensic analysis. With the availability
of different varieties of face masks used by common people
and the variation of wearing time, both the parameters, i.e.,
face mask type and duration of wearing, were also taken into
consideration in this study.

Materials and methods

Pre-experiment survey

A survey was conducted on 252 individuals representing
various parts of the globe including South Asia, Middle East

Region, and the USA regarding the types of face masks they
use, the duration of wearing a mask in a day, and the reuse
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criteria of the face masks. Based on the responses received
from the participants, the experiments were designed to
assess the usability of various face mask types for forensic
DNA analysis.

Types of face masks, volunteers, and sampling

The study was conducted on 50 healthy volunteers after
obtaining their informed written consent. COVID-19 posi-
tive patients were excluded from this study. The study was
approved by the Ethical committee of National Forensic
Sciences University, Delhi Campus no. NFSU_DC/1101/
FS-Biology/IHEC-2022-23-6. Three types of face masks
were used in this study, i.e., surgical disposable mask, N-95
mask type, and cloth mask. Each individual was allowed to
wear these three types of face masks for a period of 1 day,
2 days, and more than 2 days. Samples were collected from
two portions of the face mask, i.e., the inner layer of the
mask which covers the mouth region, and from the ear piece
area. An area of 2 cm X2 cm was cut from the inner layer
of the face mask near to the mouth portion and 2 cm each
from both the ear pieces of the mask. Both the samples were
processed separately for subsequent experimentations.

DNA extraction and quantification

Genomic DNA was extracted from the samples by manual
methods using the phenol-chloroform extraction technique
[12] as well as using automated DNA extraction system,
i.e., DNA IQ™ System (Promega Corp., US) following
the manufacturer’s recommendations. Manual process was
employed for the extraction of DNA from the mouth-piece
region, whereas an automated extraction technique was used
to extract DNA from the ear-piece region. The extracted
DNA was assessed quantitatively as well as qualitatively
using NanoDrop Spectrophotometer (ThermoScientific,
USA) and using PowerQuant® System (Promega Corpora-
tion) in a real-time PCR (Gene Studio S5, Thermo Scientific,
USA) following recommended protocol.

Amplification of autosomal STR markers

Multiplex system PowerPlex® Fusion 6C System (Promega,
Madison, WI) was used to amplify the 23 autosomal STR
markers including CSF1PO, FGA, THO1, TPOX, vWA,
D1S1656, D2S1338, D25441, D3S1358, D5S818, D75820,
D8S1179, D10S1248, D12S391, D13S317, D16S539,
D18S51, D19S433, D21S11, D22S1045, Penta D, Penta E,
and SE33. Amplification was carried out in a Veriti ther-
mal cycler (Thermo Scientific, USA) using a total of 25 pl
of reaction volume containing 5 ul of 5 X Master Mix, 5 pl
of 5 X Primer Pair Mix, and 0.5 ng/ul of control DNA. The
protocol used for the amplification of STR markers includes
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96 °C for 1 min followed by 29 cycles of 96 °C for 5 s and
60 °C for 1 min followed by 60 °C for 1 min and 4 °C for
o0. The PCR products were stored at —20 °C till further use.

Capillary electrophoresis

The separation of amplified fragments was carried out in
a 3500 Genetic Analyzer (Thermo Scientific, USA) using
a 36-cm capillary array, POP™-4 polymer, and respective
size standard and allelic ladder. Finally, the alleles were des-
ignated by GeneMapper ID-X v.1.5 software (Thermo Sci-
entific, US) using data obtained from size standard, allelic
ladder, and the provided beans and panels. 50 relative fluo-
rescence unit (RFU) was maintained as an analytical detec-
tion threshold for the generation of DNA profiles.

Data analysis and statistical calculations

Statistical parameters such as 2-way ANOVA with replica-
tions and Student’s ¢ test were carried out using Microsoft
Excel® 2010.

B Cloth make EN-95 BMixed @ Others

Surgical Disposable
2%

B <2 hour

(c)

Results and discussions

The pre-experiment survey included a total of 252 individu-
als globally consisting of 125 males and 127 females. The
participants of the survey included three age groups, i.e., 18
to 30 (174 individuals), 31 to 45 (63 individuals), and more
than 46 (15 individuals). A large fraction of the individuals
opined to wear the face mask for 2-8 h a day, i.e., 140 indi-
viduals, whereas 112 individuals informed that they wear the
face mask for less than 2 h a day. The fraction of individu-
als wearing the face masks 2—-8 h a day may be attributed
to the working professionals with an average shift of 8 h a
day. Non-working people may not find it necessary to put
on a face mask for 8 h and wear it occasionally throughout
the day for a limited period of time. Regarding the type of
face mask, most of the participants wear a mask of cotton
make (41%), followed by N-95 mask (31%), and surgical
disposable mask (26%). To our surprise, a higher fraction of
participants opined that they wear a mask more than 3 times
(37%), followed by single use (26%), 2 times (24%), and 3
times (14%) before dispose (Fig. 1). The higher re-use of a
mask is deemed to accumulate more number of host cells

ESingleuse @2 times @3 times MB>3 times

(b)

@2 to 8 hour

Fig. 1 Response received from the participants regarding a the types of face mask used, and b no. of times the mask is worn before its disposal ¢

duration of wearing masks per day
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in the mask surfaces and can be a valuable source of host’s
DNA for forensic analysis. Based on the pre-survey report,
the experiments were designed to include both the face mask
types and no. of re-use of the mask as two independent vari-
ables to analyze the source of DNA evidences on the masks.

Assessment of DNA quantity from the samples

The average quantity of genomic DNA extracted from differ-
ent samples ranged from 12.036 +0.35 ng to 0.748 +0.12 ng
(Fig. 2). Out of three face mask types used in this study,
cloth make type showed the highest source of DNA
(7.031+0.31 ng), followed by N-95 type (4.711+0.15 ng),
and surgical disposable type (2.17 +£0.13 ng). Electrostatic
non-woven polypropylene fiber is used to prepare N-95 face
masks [13], whereas polymeric materials are widely used for
the manufacturing of surgical disposable face masks [14].
The cloth make face masks are mostly manufactured from
cotton or its variants. The conducted study depicted that
cotton has a higher rate of retention capability of the host
cells on its surface in comparison to electrostatic non-woven
materials or polymeric materials. To support this finding, the
high retention capability of cells of cotton swabs has also
been established in many studies [15, 16].

Irrespective of the nature of the face-mask and the source
of sampling, the average DNA quantity was found to be the
highest in the samples which were used for more than 2 days
(5.74 +£0.14 ng), followed by 1-day use (4.65+0.11 ng),
and 2-day use (3.51 +£0.13 ng). As some non-ambiguous
results were detected in some of the face mask types, the
yielded DNA quantity was segregated by the number of
hours worn by the volunteer. As per the obtained result as
represented in Fig. 2, irrespective of the face-mask type,
the DNA yield increased with the increase in wearing time
of the masks. Though the increase in DNA yield was not

Fig.2 Amount of DNA

extracted from different types
of face masks with respect to 12
different portions of masks and

found to be linear with the increase in time, different stud-
ies have found no correlation between wearing time of an
object with the amount of wearer’s DNA recovery from the
samples [17, 18]. This non-linear relationship between the
amount of DNA obtained due to the touch may be attributed
to an individual’s specific characteristic which depends on
the individual’s shedder status [19]. The propensity to leave
DNA on different parts of a face-mask can also be due to an
individual’s specific characteristics [20]. This might be the
reason for not generating a uniform pattern of the quantity
of extracted DNA within different intervals of time.

In a similar fashion, irrespective of the nature of the
face-mask and no. of re-use by the host, samples recov-
ered from both mouth-piece (4.82+0.11 ng) and ear-piece
(4.44 +0.10 ng) showed a significant source of genomic
DNA. As expected, the samples recovered from the mouth-
piece showed a higher amount of DNA in comparison with
the ear piece. The most significant cause of finding a high
genomic DNA content from the mouth-piece region may
be attributed to the secretion of saliva and nasal secretions
during normal speaking activities. Crime scene investiga-
tors mostly use face masks to prevent contamination of
the crime scene due to mere talking, sneezing or coughing
[21]. In general practice, such routine biological activities
continuously shed cells on the inner portion of the mask
covering the mouth and nose area, which can act as a useful
source of host DNA. In comparison to that, the ear piece of
mask has a lesser surface area available for friction with the
retro-auricular area. Frictional transfer of cells becomes the
only source of host DNA around the ear-piece portion of the
mask. In a similar line, a study showed that pre-adolescent
children have undeveloped auricular cartilage which might
cause deformation due to prolonged pressure from the elastic
loops of the mask [22]. Such pressure is also generated in the
adult hosts as well, which may not be visible in the form of
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any deformities. Due to this pressure and friction between
ear piece and skin, the possibility of finding DNA from shed
cells increases.

2-way ANOVA with replication showed a statistically sig-
nificant variation (P> 0.05) in the amount of DNA extracted
from different individuals included in this study (Table 1).
As discussed earlier, this might be due to the shedder status
of the volunteers included in this study, which is an indi-
vidual-specific characteristic. The propensity to leave DNA
behind or the shedder status of an individual has shown its
correlation with the DNA accumulated in the active hand
and skin of the face [23], whereas we did not find any litera-
ture to correlate the shedder status of an individual in the
oral region of the individual to the best of our knowledge.
However, no statistically significant variation (P <0.05) was

found among the DNA obtained from different mask-types,
portion of mask selected for DNA sampling, and number
of days the mask is reused by the host before its disposal.
This suggests that any type of mask routinely used by the
common public can act as a valuable source of DNA with
deemed forensic application.

Quality of STR profiles from the extracted DNA

In corroboration with the obtained DNA quantity, full
DNA profiles were obtained from the different sources of
cloth make mask type followed by N-95 make and surgi-
cal disposable type (Fig. 3). The occurrence of null DNA
profile was observed to be of highest occurrence in samples
obtained from surgical disposable mask types, mostly when

Ta.ble 1 2_Wfly ANOVA, Source of variation SS df MS F P-value F crit
with replications of various
parameters analyzed in this (a)
study. () Among different mask g o\ o) ingividuals 491E+10 113 435E+08 1078312 0314893 1299465
types, (b) among different days
on host’s face, and (c) between Between different mask types 1.28E+10 2 6.4E+09 15.87878 3.53E-07 3.035795
different portions of sampling Error 9.11E+10 226 4.03E+08
Total 1.53E+11 341
(b)
Between individuals 544E+10 113 481E+08 1.142913 0.199751 1.299465
Between days on host 346E+09 2 1.73E4+09 4.108893 0.017669  3.035795
Error 9.51E+10 226 4.21E+08
Total 1.53E+11 341
(c)
Between individuals 75E+10 170 4.41E+08 1.014223 0.463375 1.287904
Between different portions of mask  3.99E+09 1 3.99E+09 9.175237 0.002836 3.896742
Error 74E+10 170 4.35E+08
Total 1.53E+11 341

SS sum of squares, df degree of freedom, MS mean sum of squares

Fig.3 Quality of STR profiles
obtained from the DNA yield
from different face mask types
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the samples are collected from the ear-piece region. The ear
piece region of any mask tends to contain the least num-
ber of the host’s cells due to minimal transfer and is devoid
of direct transfer of any body fluids. Hence, obtaining the
highest number of null DNA profiles in samples collected
from the ear piece region is deemed obvious. Besides, par-
tial DNA profiles commonly occur in routine forensic DNA
analysis [24]. The routine cause of obtaining a partial DNA
profile is when the sample is degraded and/or a sufficient
quantity of DNA is not obtained. In such cases, peaks of
a few loci fall below the predetermined threshold level to
give rise to a partial DNA profile. In this scenario, a range
of 2.55% (> 2-days use of cloth-make masks from mouth
region) to 27.22% (1-day use of N-95 masks from ear-piece
sample) of the DNA profiles showed amplification of par-
tial STR markers. Though the occurrence of partial DNA
profiles is found in large numbers in different face-mask
sources, such DNA profiles can also be useful in forensic
DNA analysis either by increasing the sample size or ana-
lyzing the alternative markers such as single-nucleotide
polymorphism (SNP) markers [25]. Due to its smaller size,
mitochondrial DNA analysis can also be performed in such
low copy number and/or degraded samples for forensic DNA
analysis [26].

Conclusion

After the occurrence of the COVID-19 pandemic, there has
been a sharp surge in the usage of face-masks throughout the
globe. A survey conducted in this study showed the primary
use of cotton-make, N-95, and surgical disposable type of
face-masks as the routinely used face-mask types in different
global populations. Quantification of genomic DNA from
different portions of the face-masks showed that face-masks
are a huge source of DNA for further down-stream process-
ing. Out of the routinely used face-mask types, cotton-make
masks provided the highest source of host DNA followed
by N-95 make and surgical disposable types. The portion of
the mask covering the host’s face yielded a higher quantity
of DNA in comparison to the ear-piece portion of the mask.
Irrespective of the types of face masks, when they are reused
for more than 2 days, it provided a huge source of DNA
compared to the single- or 2-day use of the masks. Ampli-
fication of autosomal STR markers also showed a promis-
ing result with the generation of a complete DNA profile in
66.66% to 96.11% of samples. This showed a huge promise
in exploring the face-masks, if found at the crime scene, as a
forensic DNA evidence. Besides, this study showed that the
mouth covering area and the ear piece area of a face mask
provides a potential source of host DNA and the former por-
tion yields a higher quantity of genomic DNA.
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