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ABSTRACT In response to the unprecedented COVID-19 pandemic, wearing face masks in public places
and common facilities has been strongly recommended to help prevent the further spread of the virus.
However, conductive components of the face mask carry the potential risk of radio-frequency (RF)-induced
heating when exposed to an RF electromagnetic field, particularly during magnetic resonance imaging
(MRI). In this study, a realistic human head model wearing a face mask exposed to a strong RF electro-
magnetic field in 1.5 T, 3 T, and 7 T MRI was simulated. A nose wire in contact with the skin and a
mask sheet with relatively high electrical conductivity, emulating a silver nanoparticle-coated face mask,
was modeled to investigate the worst case of RF-induced heating that could occur during the MRI scan.
24 scenarios were simulated by using finite-difference time-domain (FDTD)-based electromagnetic solver
and thermal-transient solver from Sim4Life commercial simulation software. According to the results,
a notable enhancement in the specific absorption rate (SAR) and temperature rise was observed in the local
region of the skin where the wire contacted the skin around the edge of the high-conductive mask sheet.
In particular, a maximum of a 12-fold increase in mass-averaged SAR and a temperature increase of more
than 8.0◦C occurred because of the conductive face mask at 3 T, compared to the normal polymer-based face
mask with low conductivity. Our results confirmed that the degree of RF-induced heating due to the face
mask could be completely different depending on the RF frequency of the MRI, location where the nose
wire contacted the skin, and conductivity of the mask sheet. To the best of our knowledge, this is the first
study to assess the face mask as a factor for RF-induced heating during MRI. These findings are important
for providing a safety guide that allows patients to safely undergo MRI while wearing a face mask during
the COVID-19 pandemic.

INDEX TERMS COVID-19, face mask, magnetic resonance imaging (MRI), radiofrequency (RF) heating,
specific absorption rate (SAR).

I. INTRODUCTION
Magnetic resonance imaging (MRI) has become a key imag-
ing modality in modern medicine as it can obtain high-
resolution images of soft tissues without exposing the patient
to ionizing radiation [1]. However, there is a safety issue
called radio-frequency (RF)-induced heating owing to the
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time-varying electromagnetic (EM) field generated from
MRI [2]. A magnetic field B1 with a frequency of hundreds
of MHz is created by an RF coil acting as an antenna of
the MRI to obtain the MR image. Inevitably, a time-varying
electric field is formed when a time-varying magnetic field
is produced, causing biological tissues to absorb the energy
from this EM field. The tissue temperature rises when the
energy exceeds the thermo-regulation capability of the tis-
sue, which leads to tissue damage [3]–[9]. Specifically, if a
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metallic component is in contact with or inserted into the
human body, the electric current induced on the component
surface is transferred to the contacted tissue, significantly
increasing the risk of heating [10]–[22]. Therefore, metallic
accessories, such as necklaces or earrings, are removed before
MRI, and patients with implanted medical devices can only
undergo MRI under controlled imaging protocols.

Recently, in response to the unprecedented COVID-19
pandemic, wearing face masks in medical facilities has been
strongly recommended to help prevent the spread of the virus.
However, the conductive nose wire for fixing the mask to
the face and the mask sheet coated with silver nanoparticles
for antibacterial and antiviral purposes [23] may increase
the risk of RF-induced heating owing to their high electrical
conductivity. Although the risk of heating caused by the
metallic components of face masks during MRI was con-
sidered based on some reports [24]–[26], and the effect of
wearing face mask on the MR image was analyzed [27], [28],
no numerical studies have been conducted to estimate the
RF-induced heating due to the facemask. In this study, a real-
istic human head model wearing a face mask inside an RF
coil for 1.5 T, 3 T, and 7 T MRI was modeled and simulated
to estimate RF-induced heating caused by wearing a face
mask during the MRI. The specific absorption rate (SAR)
and temperature increase according to the location of the nose
wire and electrical conductivity of the mask sheet (a total of
24 scenarios) were calculated to investigate the RF-induced
heating mechanism caused by the face mask and determine
the worst case scenario that could occur in the clinic.

II. METHODOLOGY
A. HUMAN HEAD MODEL WEARING A FACE MASK
Ahuman head wearing a face mask wasmodeled, as shown in
Fig. 1. A heterogeneous realistic human model composed of
80 different types of tissues (DUKE model: male, 32 years
old [29]) was used as the head model. According to the
IT’IS database [30] as shown in Table 1, the permittiv-
ity and electrical conductivity of the tissues were assigned
to the desired frequency. The face mask was modeled as
a thin rectangular polypropylene (PP) sheet (εr = 2.2,
σ=1e-14 S/m), the main raw material of the mask filter and
woven fabric, with a thickness of 2 mmwrapped around most
of the face from the middle of the nose to the chin. A perfect
electric conductor (PEC) wire, with a length of 105 mm and
diameter of 0.6 mm, was inserted into the mask sheet as the
nose wire of the mask and was fully covered with a mask
sheet to prevent contact with the skin. However, three cases
where the center, single-end, and both ends of the wire were
in contact with the skin were also modeled, assuming a worst-
case scenario regarding the nose wire. The location where the
wire made contact, according to each contact type, is shown
on the right side of Fig. 1.

When analyzing RF-induced heating due to a face mask,
the conductive mask sheet should also be considered a risk
factor. Some face mask products are coated with silver

FIGURE 1. Simulation modeling of a realistic human head wearing a face
mask and three types of nose wires in contact with the skin to find out
the worst case of RF-induced heating caused the nose wire.

nanoparticles for antibacterial and antiviral purposes. Silver
nanoparticles are microscopic in size, making it difficult to
determine their presence with the naked eye. In addition,
owing to the diamagnetic properties of silver nanoparticles,
there is no pulling or pushing effect due to the strongmagnetic
field of MRI, increasing the probability that a patient wearing
a conductive face mask receives an MRI scan without being
pre-screened by an MRI technician. It is impossible to model
silver particles at the nanometer scale and the detailed textile
patterns of the face mask in the numerical simulation. In this
study, the best alternative in a simulation was emulating the
silver nanoparticle-coated face mask based on a mask sheet
model with an conductivity of 10 S/m as references [31]–[33]
for a worst-case scenario regarding the silver nanoparticle-
coated mask sheet.

B. RF HEAD COIL
For the RF electromagnetic source for 1.5 T, 3 T, and 7 T
MRI, an RF birdcage head coil and an eight-channel RF
transmit head coil were modeled as shown in Fig. 2. The
RF coil for 1.5 T and 3 T MRI was a high-pass birdcage RF
head coil, as shown in Fig. 2(a), with a height and diameter
of 260 mm and 355 mm, respectively [34], [35]. The coil
comprised 16 legs, each with a width of 15 mm and length of
230 mm, with two end rings, each 15 mmwide. 32 capacitors
of 50.6 pF and 11.3 pF were placed in the middle of each end-
ring segment to match the resonance frequencies of 64 MHz
and 128MHz for 1.5 T and 3 TMRI, respectively. The metal-
lic components of the RF coil are simplified as PECs. The coil
was driven using two harmonic current sources placed on the
same end-ring for quadrature excitation.

As the uniformity of the B1 field at 7 T degrades due
to its shorter wavelength, a multi-channel RF coil usually
mitigates the inhomogeneity of the B1 field by varying the
amplitudes and phases of the currents driving each channel.
In this study, a multi-channel RF head coil composed of eight
microstrip transmission line (MTL) resonator, as shown in
Fig. 2 (b), was modeled for 7 T MRI based on the prior
research conducted [36]. AnMTL pathwith awidth of 18mm
and a finite ground plane was employed on a Teflon substrate
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TABLE 1. Assigned electrical properties of major tissues inside the human head model for electromagnetic simulation.

FIGURE 2. Simulation modeling of birdcage RF head coil for 1.5 T and 3 T
MRI, and eight-channel RF transmit head coil for 7 T MRI. The total input
power of the RF coils was scaled to ensure the whole head averaged SAR
(whSAR) was 3.2 W/kg.

(εr = 2.08, σ=0.000462 S/m) with width, length, and
thickness of 150, 50, and 20mm, respectively. Two capacitors
were used at the ends of the resonator, and a single capacitor
was used in series with the input source (SMA cable) tomatch
the frequency of 298 MHz for the 7 T MRI. There was a
successive phase delay of 45◦ between adjacent sources with
the same magnitude for the circularly polarized excitation
of the multi-channel RF coil. The total input powers of RF
head coils for the scenarios of 1.5 T, 3 T, and 7 T MRI were
scaled such that the whole head averaged SAR (whSAR) was
3.2 W/kg for when the RF coil was operating at maximum
allowable power, satisfying the safety guidelines for clinical
settings.

C. SIMULATION SETUP
All numerical simulations of a masked human head
with an RF head coil were performed using the finite-
difference time-domain (FDTD)-based commercial soft-
ware Sim4Life (Zurich Medtech, AG, Switzerland) [37].
The simulation times were set to 30 periods to achieve a
convergence below -20 dB. The maximum grid steps were
2 mm × 2 mm × 2 mm for the head model. A fine grid with
minimum steps of 0.25 mm × 0.25 mm × 0.25 mm was set

FIGURE 3. Horizontal slices of transverse electric field Exy generated by
the RF coil and local SAR on the human head without wearing a face
mask.

for the region of the nose wire to analyze the effect of the nose
wire more accurately. A high-performance GPU (GeForce
RTX 3070 Ti 8 GB, NVIDIA, Medford, MA) and a deca-core
CPU (3.0 GHz Intel XeonW-2150B)were used to sample and
calculate the models.

III. RESULTS AND DISCUSSION
A. RF ELECTRIC FIELDS GENERATED BY THE RF COIL AT
DIFFERENT RESONANCE FREQUENCIES
Fig. 3 shows slices of the transverse electric field (Exy)
generated by the RF coil and local SAR according to the
frequencies of the RF field when the human head model
without a face mask was loaded. The slices were obtained
from the horizontal and coronal planes passing through the
geometrical center of the RF coil. According to the results, the
strong Exy and local SAR at 1.5 T and 3 T were distributed
locally on the surface of the human head, such as skin and
muscle where the face mask was in contact. However, at 7 T,
the strong Exy and local SAR were distributed deeper inside
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FIGURE 4. Local SAR on the surface of the human head according to the
frequencies of RF field and different contact scenarios of a nose wire.
1000 W/kg was normalized to 0 dB. The location of nose wire for each
case was indicated using a dashed line.

FIGURE 5. Peak of local SAR on the surface of the head for each scenario
depicted in Fig. 4.

the human head, which has little relevance to the region in
contact with the face mask, such as brain tissues. The primary
reason for the difference in the E field distribution inside
the human head is the difference in the wavelength of the
B1 signal for 1.5 T, 3 T, and 7 T MRI. It can be inferred from
these results that RF heating mainly occurring at the skin by
the face mask can be worse at 1.5 T and 3 T than at 7 T for the
same total amount of energy absorbed by the human head.

B. SAR INCREASE DUE TO THE NOSE WIRE
Figs. 4 and 5 show the surface view of the local SAR maps of
the human head and the bar graph of the maximum values
for each case, respectively. An extremely high local SAR
was observed in the local region where the nose wire made
contact. In particular, as inferred from Fig. 3, the degree of
local SAR increase was significantly greater at 1.5 T and 3 T
when a stronger Exy field was applied to the skin than at 7 T.
In the FDTD simulation, the size of a single voxel,

a unit element in three-dimensional simulation, varied
with the structural shape and complexity of the target

FIGURE 6. Size comparison between a nose wire and cubes with the
mass density of 1000 kg/m3 according to the different masses.

FIGURE 7. Mass-averaged SAR on the surface of the human head for the
contact case of single end according to the different masses from 1 g to
20 mg. 200 W/kg was normalized to 0 dB. The location of nose wire for
each case was indicated using a dashed line.

object, resulting in local SAR varying with the unit
step of the voxel. Although this issue was prevented
in this study by fixing the size of voxel around the
nose wire to 0.25 mm × 0.25 mm × 0.25 mm, an exces-
sively high local SAR as an outlier can occur due to a voxel
protruding into a curved surface. Therefore, the averaged
SAR from a cube of 1 g or 10 g, called 1 g SAR and
10 g SAR, respectively, is generally calculated for quanti-
tative SAR comparison [38]–[40]. However, the increase in
local SAR caused due to the nose wire was extremely local-
ized at the point where the wire contacted it. Fig. 6 illustrates
various cubes of a material as skin with a mass density of
1000 kg/m3 to compare the size with that of a nose wire.
Although the mass density of the skin in the simulation was
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FIGURE 8. 20 mg SAR on the surface of the human head according to the
frequencies of RF field and different contact scenarios of the nose wire.
200 W/kg was normalized to 0 dB. The location of nose wire for each
case was indicated using a dashed line.

FIGURE 9. Peak of 20 mg SAR on the surface of the head for each
scenario depicted in Fig. 8.

set to 1109 kg/m3, it was set to 1000 kg/m3 in Fig. 6 for
convenience. According to the figure, the size of the 1 g cube
was relatively large compared to that of the wire. Fig. 7 shows
the surface view of the SARmaps of the human head with the
case of single-end contact according to the averagemass from
20 mg to 1 g. Regardless of the frequencies of the RF field,
it is evident from the figure that 1 g SAR is not suitable for
capturing the increase in SAR caused by the localized energy
accumulation in the area where the nose wire touches the
skin. Therefore, in this study, the averaged SAR from a cube
of 20 mg mass (20 mg SAR) was calculated for comparing
all scenarios because it accurately demonstrated the effect
of the nose wire while offsetting the error in the local SAR.
Note that 1 mg SAR was not obtained in this study because it
requires sophisticated sampling with an extremely fine grid,
exploiting the data size and calculation time.

Figs. 8 and 9 show 20 mg SAR maps for the contact cases
of the wire depicted in Fig. 1 and a bar graph of the maximum
values for each case, respectively. Regardless of the presence
of the nosewire, a relatively higher SARwas observed around

the ridge of the nose due to the intrinsic shape of the nose.
According to the first column of Fig. 8, even if a conductive
nose wire was included inside the mask, there was little effect
on the SAR increase owing to the nose wire when it was
fully insulated without contact. For the cases of contact at the
center, single-end, and both ends, there was a drastic SAR
increase in the local region where the wire was in contact.
In particular, a high SAR above 100 W/kg was observed for
the case with the contact at 1.5 T and 3 T than that at 7 T
because a stronger E field was acting on the skin where the
nose wire was located, resulting in more induced current
at the nose wire. Moreover, the SAR increase by the nose
wire in the same contact case may differ between 1.5 T,
3 T, and 7 T MRI because the antenna effect is maximized
when the metallic wire has comparable lengths to the in-
situ wavelengths of the RF signal generated by RF coil [22].
Regardless of the frequencies of the RF field, a large increase
in SAR was observed in the case of contact at both ends than
at the single-end and the center because the wire with both
ends in contact with the skin forms a loop, thus increasing the
amount of induced current flowing into the skin. In the case of
contact at the center, the wire was electrically divided into two
lines, owing to the contact with the skin, causing a decrease in
the antenna effect and induced current at the wire. The results
confirmed that the risk of RF-induced heating due to the face
mask can be increased if the induced current flows into the
skin by contact of the nose wire with the skin. A nose wire
made of a material with low conductivity, such as silicon, or a
nose wire with insulation coating, should be used to reduce
this risk and prevent the induced current from flowing into
the skin.

C. IMPACT OF THE CONDUCTIVE MASK SHEET
Although the conductivity of the silver nanoparticle-coated
mask sheet is not as high as that of pure silver, a sheet with
a conductivity of 10 S/m can be considered a conductor.
To analyze the influence of the inside and outside of the
mask sheet according to the conductivity of the mask sheet,
Exy map inside the mask sheet and the surface view of the
volume current density of the mask sheet according to the
conductivity are compared, as shown in Figs. 10 and 11,
respectively. According to Fig. 10, in the mask sheet made
of PP with very low conductivity (1e-14 S/m), the incident E
field by the RF coil and the secondary E field generated by
the induced current in the nose wire were distributed, creating
a strong E field inside the mask sheet. However, in the
nanoparticle-coated mask sheet with 10 S/m conductivity, the
electromagnetic field does not penetrate inside the conductor
due to the intrinsic property. The incident E field by the RF
coil and the secondary E field by the induced current were
hardly observed inside the conductive mask sheet. As shown
in Fig. 11, in the mask sheet with low conductivity, there is
almost no current flowing on the mask surface, similar to a
dielectric insulator. However, a fairly strong induced current
due to the incident E field was observed on the surface of
coated mask sheet. Thus, it can be inferred from these results
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FIGURE 10. Horizontal slices of Exy on the human head wearing a face mask according to the electric conductivity of the mask sheet and the frequencies
of RF field. The location of the slice is the same as shown in Fig. 3. The nose wire of each case was fully covered by the mask sheet.

FIGURE 11. Volume current density on the surface of the mask sheet and
human head according to the electric conductivity of the sheet and the
frequencies of RF field. The location of mask sheet for each case was
indicated by a dashed line.

that RF-induced heating by the silver nanoparticle-coated
face mask is mainly caused by the current induced in the
conductive mask sheet rather than the nose wire.

Fig. 12 shows the surface view of the 5 mg SAR of
the human head according to mask sheet conductivity and
RF field frequencies. All face masks for the scenarios in
Fig. 12 include a nose wire without contact with the skin.
Regardless of the frequencies of the RF field, the SAR of the
skin underneath the mask sheet with a conductivity of 10 S/m
was extremely low, except at the edge of the sheet, because of
the shielding effect of the conductive sheet. However, on the
skin (under the eyelids, chin, and sideburns) in contact with
the edge of the mask, a drastic SAR increase was observed
at 1.5 T and 3 T due to an induced current flowing on the
surface of the conductive mask sheet, as depicted in Fig. 11.
Compared to the cases at 1.5 T and 3 T, the SAR increase
at 7 T due to the conductive mask sheet was inconspicuous

because the relatively weak incident E field inducing the
current on the surface of the conductive mask sheet was
relatively low, as shown in Figs. 3 and 11. Fig. 13 shows the
surface view of the 5mg SAR according to the conductivity of
the mask sheet and the contact cases of the nose wire at 3 T
(128 MHz). As shown in Fig. 13, the SAR increase in the
local region where the nose wire is in contact with the skin is
obscured because the SAR increase due to the induced current
on the conductive mask sheet is dominant. Fig. 14 shows a
bar graph of the maximum 20 mg SAR for all 24 scenarios
analyzed in this study. It is evident from the results that the
risk of RF heating due to the conductive mask sheet with
the silver nanoparticle coating could be much more severe
than that caused by the conductive nose wire touching the
skin. As mentioned in Section II-A, fibers and detailed textile
patterns constituting the silver nanoparticle-coated face mask
were simplified to a single sheet with high conductivity in
this study due to the limitation of EM simulation. However,
the reliability of the simulated results can be further improved
by future work using advanced simulation techniques which
can model and analyze fiber at nanometer scale and textile
patterns of the mask sheet [41]–[44].

D. TEMPERATURE RISE DUE TO FACE MASK
According to the US Food and Drug Administration’s (FDA)
guidelines, temperature studies are recommended for RF
safety assessment [45]. To calculate the temperature rise due
to the face mask, the results of the EM simulations were cou-
pled with a thermal-transient solver, employing the Pennes
bioheat equation [46], [47], expressed as

ρc ∂T
∂t = ∇·(k∇T )+ ρQ+ ρS − H (T − Tb) (1)

where T is the temperature, t is the time, ρ is the volume den-
sity of the mass, c is the specific heat capacity, k is the thermal
conductivity, Q is the metabolic heat generation rate, S is the
SAR, and H is the heat transfer rate. The thermal properties
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FIGURE 12. 20 mg SAR on the surface of the human head according to
the frequencies of RF field and electric conductivity of the mask sheet.
300 W/kg was normalized to 0 dB. The location of mask sheet for each
case was indicated using a dashed line.

FIGURE 13. 20 mg SAR on the surface of the human head according to
the electric conductivity of the mask sheet and different contact scenarios
of the nose wire. 300 W/kg was normalized to 0 dB. The location of mask
sheet for each case was indicated using a dashed line.

FIGURE 14. Peak of 20 mg SAR on the surface of the head for all
24 scenarios analyzed in this study.

of the head tissues from IT’IS database [30], as shown in
Table 2, were applied to the thermal simulation. The results
of the EM simulations were coupled with a thermal transient
solver to calculate the temperature increase due to the face
mask. The region of the thermal simulation was sampled
using the same grid as that used in the EM simulations
with the Neumann boundary condition; the heat flux moving
through the boundary was zero. The initial temperature of

TABLE 2. Assigned thermal properties for major tissues inside the human
head model for thermal-transient simulation.

TABLE 3. Degree of temperature rise for all scenarios analyzed in this
study based on control group. The control group is a group of cases with
a mask sheet with conductivity of 1e-14 S/m and a nose wire without
skin contact.

the tissues was set to 37◦C, and the boundary condition was
set to ignore the heat diffusion by the temperature difference
between the human body and the air, which occurs mainly on
the surface of the skin.

Table 3 shows the degree of temperature rise for all cases
based on the values for the cases in the first row of the table
(conductivity of mask sheet=1e-14 S/m, nose wire without
skin contact) as a control group. These cases were selected as
the control group because the SAR for the control group was
similar to the results when the facemaskwas not worn. Values
in each row of the table were compared only with those in the
same column (based on the same frequency of the RF field).
The exposure time was set as 900 s. According to Table 3,
the temperature rise in all cases at 7 T was lower than at 1.5 T
and 3 T, and the degree was less than 1◦C compared to the
control group. In the case of mask sheet with 1e-14 S/m con-
ductivity, the temperature rise due to the nose wire in contact
with the skin was more than 1◦C at 1.5 T and 3 T compared
to the control group. However, the difference according to
the contact type of the nose wire is insignificant. Note that
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there is inevitable uncertainty of the numerical simulation
that the value of temperature increase at a very local spot,
such as the point where the nose wire made contact with
the skin, may vary depending on the size of the unit step to
sample the model. Therefore, we strongly recommend that
patients undergoing MRI should wear a face mask without
metallic nose wire even if calculated temperature increase
by the nose wire in this study seems to be compliance with
the localized temperature rise limit of 2 ◦C [48]. Regardless
of the frequency of the RF field, the temperature increase
due to the conductive mask sheet with 10 S/m was more
severe than that of the normal mask sheet with 1e-14 S/m.
In particular, at 1.5 T and 3 T, significant temperature increase
of 8.2◦C and 6.7◦C, respectively, were observed compared to
the control group. Contact of the nose wire with the skin had
little effect on RF-induced heating by the silver nanoparticle-
coated face mask because the RF energy deposition estimated
by SAR was much more dominant for the conductive mask
sheet than for the nose wire. The degree of temperature
increase in the actual situation would be relatively lower than
the calculated results because of thermal regulation through
sweat and blood. Nevertheless, it is evident from the results
that wearing silver nanoparticle-coated face mask in MRI
causes temperature increase exceeding the safety limit.

IV. CONCLUSION
In this study, EM and thermal simulations were performed
to quantitatively estimate the SAR and temperature increase
caused by wearing a face mask during MRI at 1.5, 3, and 7 T.
The nose wire in contact with the skin and mask sheet with
relatively high electrical conductivity, emulating the silver
nanoparticle-coated face mask, was modeled to investigate
the worst-case of heating that could occur due to the face
mask. A local increase in the SAR and temperature was
observed in the contact area when the nose wire was partially
in contact with the skin. Considering the uncertainty of the
numerical simulation at a very local spot, wearing a facemask
without metallic nose wire is strongly recommended in MRI
even if calculated temperature increase caused by the nose
wire in this study was compliance with the safety limit of
2◦C. When the conductivity of the mask sheet was increased
to 10 S/m, assuming that the face mask was coated with
silver nanoparticles for antibacterial and antiviral purposes,
a much higher SAR was observed at the edge of the mask.
The temperature rise was over 8.2◦C and 6.7◦C for 1.5 T
and 3 T, respectively, exceeding the safety limit. We can
conclude from the results that wearing a face mask coated
with silver nanoparticles in MRI has the worst effect on
RF-induced heating compared to any other case that could
be caused due to the face mask. For the conclusion of general
safety of the face mask in MRI, follow-up studies to analyze
the gradient-induced heating and effects depending on the
head size, RF coil type, and excitation scheme are necessary.
Although clinical trial in MRI could not be performed due
to safety issues, numerical simulations using realistic human
head model effectively analyzed the risk of RF-induced heat-

ing caused by face mask which could be occurred in real
environments. MRI experiment using a head-mimicking gel
phantomwearing a face mask can help to verify the simulated
results and will be conducted as a future work. To the best of
our knowledge, this is the first study to assess RF-induced
heating caused by wearing a face mask during an MRI.
We believe that these findings are useful in providing a safety
guide that allows patients to safely undergo an MRI scan
while wearing a face mask during the COVID-19 pandemic.
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