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Abstract 
 
Background/Aim. Available face masks, used to protect 
the respiratory system from various types of pathogens, 
show unsatisfactory efficiency because the size of viruses 
like severe acute respiratory syndrome coronavirus 2 
(SARS-CoV-2) is much smaller than the void spaces in 
these masks. Difficult breathing through some masks 
quickly tires out, which makes ordinary people avoid 
wearing them. These facts suggest that a new strategy is 
desirable for designing protective face masks. The aim of 
the study was to present new filters for face masks to 
protect people exposed to high concentrations of bacteria 
and viruses, particularly SARS-CoV-2. Methods. Filters 
for these masks were manufactured of dense cotton fabric 
impregnated with silver quantum dots. The filters were 
characterized by scanning electron microscopy and ion-
coupled plasma mass spectrometry. Wettability properties 
were determined by measuring contact angles with water, 

and a color fastness test was performed. Antibacterial 
assay was performed using Staphylococcus (S.) aureus. 
Viability quantitative polymerase chain reaction (qPCR) 
for virus integrity assay and reverse transcription qPCR 
(RT-qPCR) assay were used for antiviral activity 
assessment. Results. In vitro assays showed extremely 
high efficiency of these filters in destroying S. aureus and 
SARS-CoV-2 virus. The filters also showed high safety 
and easy breathing possibilities. Conclusion. The high 
efficiency of these masks against SARS-CoV-2 has been 
demonstrated through numerous tests, and they have 
been approved as anti-SARS-CoV-2 masks for the first 
time in the world. In the meantime, this solution has been 
applied in practice, and the data obtained about that are 
very encouraging. 
 
Key words:  
air filters; masks; polymerase chain reaction;  
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Apstrakt 
 
Uvod/Cilj. Dostupne maske za lice, koje se koriste za 
zaštitu respiratornog sistema od različitih vrsta patogena, 
ne pokazuju zadovoljavajuću efikasnost, jer je virus poput 
korona virusa izazivača teškog akutnog respiratornog 
sindroma, severe acute respiratory syndrome coronavirus 2  
(SARS-CoV-2) mnogo manji od pora u ovim maskama. 
Teško disanje kroz neke maske brzo dovodi do zamora, 
zbog čega ljudi izbegavaju da ih nose. Te činjenice 
sugerišu da je poželjna nova strategija u dizajniranju 
zaštitnih maski za lice. Cilj rada bio je da se predstave 
novi filteri za maske za zaštitu osoba izloženih visokoj 

koncentraciji bakterija i virusa, posebno SARS-CoV-2. 
Metode. Filteri za te maske izrađeni su od guste pamučne 
tkanine impregnirane srebrnim kvantnim tačkama. Filteri 
su okarakterisani skenirajućom elektronskom 
mikroskopijom i jonsko-spregnutom plazma masenom 
spektrometrijom. Svojstva vlaženja određivana su 
merenjem kontaktnih uglova sa vodom, a ispitana je i 
postojanost boje tih filtera. Antibakterijski test izveden je 
korišćenjem Staphylococcus (S.) aureus. Za procenu 
antivirusne aktivnosti korišćeni su test viabilnosti 
quantitative polymerase chain reaction (qPCR) – test integriteta 
virusa i test reverzne transkriptaze qPCR (RT-qPCR). 
Rezultati. In vitro testovi pokazali su izuzetno visoku 
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efikasnost ispitanih filtera u uništavanju bakterije S. aureus 
i virusa SARS-CoV-2. Filteri su, takođe, pokazali visoku 
sigurnost i mogućnost za lako disanje. Zaključak. Visoka 
efikasnost ispitivanih maski protiv SARS-CoV-2 dokazana 
je mnogobrojnim testovima i one su, po prvi put u svetu, 
odobrene kao anti-SARS-CoV-2 maske. U međuvremenu, 

ovo rešenje primenjeno je u praksi, a podaci o tome su 
veoma ohrabrujući. 
 
Ključne reči: 
filteri; maske, hirurške; polimeraza, reakcija stvaranja 
lanaca; sars-cov-2; srebro; staphylococcus aureus. 

 

Introduction 

For the last three years, we have witnessed a 
pandemic of severe acute respiratory syndrome 
coronavirus 2 (SARS-CoV-2), which has taken many lives. 
As a primary preventive measure, the mandatory wearing 
of face masks has been required in many countries. The 
World Health Organization (WHO) has recommended 
filtering facepiece (FFP) masks as a protection standard 1, 

2. However, they have shown low efficiency in highly 
virulent environments and difficult breathing. FFP2 masks 
guarantee the retention of objects larger than 2.5 µm, and 
when it comes to significantly smaller viruses than porous 
channels, like SARS-CoV-2, they cannot provide 
sufficient protection. With FFP3 masks, breathing is 
tough, but even that way, they do not protect against the 
virus effectively because the size of the virus is 2–3 times 
smaller than the diameter of the channels in these masks. 
All these facts and frequent mutations of SARS-CoV-2 
and the weak effect of existing vaccines on each 
subsequent mutation require an entirely new approach to 
designing face masks to protect against viruses such as 
SARS-CoV-2. Shortness of breath with FPP masks makes 
them extremely unpopular, which is why more and more 
people refuse to use the mask at all 3–6. 

Our concept is based on manufacturing textile filters for 
face masks with pronounced super-hydrophobic, physical, 
and biological self-cleaning properties against bacteria and 
viruses. For textiles with a fibrous structure on a micro-scale, 
this strategy assumes the application of nanoscale silver 
particles to the fiber surface to achieve a micro/nanoscale 
structure necessary to achieve the minimum textile surface 
energy requirement 7, 8. The methods most commonly used 
for preparing robust super-hydrophobic textile surfaces 
include physical and chemical approaches, coating, wet 
chemical deposition, electro-assisted chemical deposition, 
spray application, sol-gel process, chemical etching, 
chemical deposition, and plasma treatment in situ by 
nanotube/particle growth, chemical vapor deposition and 
plasma processing technique 9, 10. 

 The filter’s surface super-hydrophobicity, influenced 
by an appropriate hierarchical structure that enables a very 
high wetting angle of water droplets (above 150°), prevents 
the penetration of aerosols with SARS-CoV-2 inside of 
filter 11. Physical self-cleaning mainly mimics the surface of 
a lotus leaf and is characterized by the water contact angle 
and the angle of sliding. Biological self-cleaning properties 
assume an active reaction of the filters impregnated with 
silver quantum dots with SARS-CoV-2 and bacteria and their 
efficient destruction 2, 12. 

As it is well known, viral infectivity is the capability of 
a virus to enter the host cell and use its resources to 
reproduce 13. The interaction of the virus with the host cell 
occurs thanks to the protein capsid, which contains antigens 
specific to cell receptors that provide virus entrance into the 
cell. In addition, the capsid has a protective function for the 
viral genome from degradation by nucleases and physical 
influences. Damage to the viral capsid decreases or annuls its 
capacity to protect the viral genome and its ability to 
replicate in the host, meaning that the intact viral capsid is 
crucial for a successful infection. If the relationship between 
damage to the viral capsid and degradation of the viral 
genome is established, the detection of the viral genome can 
be correlated with the infectivity of the virus 14. This method 
enables measuring the efficiency of filters impregnated with 
silver quantum dots in bacterial and virus (SARS-CoV-2) 
destruction, which is applied in this study. 

The aim of this study was to present a new approach we 
applied to produce face masks based on the manufacturing of 
superhydrophobic, antibacterial, and anti-corona virus 
disease (COVID) active filters as the middle layer of a three-
layer mask. These filters showed extremely high efficiency 
in destroying Staphylococcus (S.) aureus bacteria and SARS-
CoV-2 virus in in vitro investigations. 

Methods 

Manufacturing of textile filters 
 
Filters for face masks are manufactured of dense cotton 

fabric impregnated with silver (Ag) quantum dots and named 
ALBO nanosilver filters (Fs). In situ, the formation of Ag 
nanoparticles on swollen cellulose fibers of dense cotton 
fabric implies the immersion of cellulose fibers in potassium 
hydroxide (KOH), which enables uniform distribution of Ag 
ions (Ag+) within the cellulose matrix in the subsequent 
phases of the (Cell-COOK)-cellulose with activated carboxyl  
(COOH) group by potassium ions, transforming it into 
COOK activated form. In addition, alkali pretreatment raised 
pH to ≈12, which plays an important role in reducing Ag+ to 
Ag0. When Ag nitrate (AgNO3) is added to the cellulose in an 
alkaline solution, Ag+ diffuses well within the swollen 
cellulose, and intense interaction of Ag+ and/or complexes 
between Ag+ and cellulose functional groups (COO-K and 
OH groups) occurs. By increasing the temperature to 70 °C, 
using borohydride as a reducing reagent, the reduction of 
Ag+ to nano size of Ag0 within the cellulose matrix is 
intensified 2, 15. Through such a procedure, the reduction 
process is further catalyzed. The obtained composite 
structure is additionally stabilized by the sterile effect of 
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cellulose chains. Finally, un-impregnated Ag nanoparticles 
are removed from the dyed fibers by rinsing under a strong 
water jet 16. The described method was modified in a specific 
experiment of obtaining ALBO nanosilver Fs to accelerate 
the reduction process to the maximum and create as many 
nucleation centers of nanosilver quantum dot clusters as 
possible. The procedure details are described in the patent 
application, and only the most important structural and 
functional properties of ALBO nanosilver Fs are presented in 
this paper. 

 
Scanning electron microscopy and energy dispersive  
X-ray spectroscopy analysis 
 
The morphology of the cotton fabric before and after 

Ag impregnation was determined by scanning electron 
microscopy (SEM), equipped with energy dispersive X-ray 
spectroscopy-EDS (FESEM-EDS, FEI SCIOS 2, Dual-
beam). 

 
Inductively coupled plasma spectroscopy 
 
Ion-coupled plasma mass spectrometry quantification 

was performed using the instrument Thermo Scientific iCAP 
6500 Duo ICP (Thermo Fisher Scientific, Cambridge, United 
Kingdom) with iTEVA operating software. 

 
Wetting angle 
 
Wetting angles were estimated with a goniometer 

equipped with a unique optical system and a charge-coupled 
device (CCD) camera. A drop of liquid (5 μL) was placed on 
a specially prepared plate of the substrate, and the image was 
immediately sent via the CCD camera to the computer for 
analysis. For contact angle estimation, the L-M and L-Q 
methods were used. 

 
Color fastness 
 
Briefly, since the ALBO nanosilver Fs were painted, it 

was easy to identify their color change after washing. These 
tests were performed in a 50:1 liquid ratio in a 2 L of water 
mixed with 5.0 g/L of standard soap solution inside a closed 
2 L rotating container constant (washing fastness tester GT-
D07) at a speed and 40  °C  and 60 °C during 30 min. 
Evaluation of color fastness after 5, 10, and 15 washing 
cycles was performed on a grayscale according to ISO-05-
A02 (loss of color depth) and ISO-105-AO3 (degree of 
color), and the same was cross-checked by measuring color 
loss and color loss using Macbeth 2020 plus measurement 
system color associated with the appropriate software. The 
resistance of the paint to rubbing (dry and wet) was assessed 
according to ISO: 766-1984 method using a grayscale 
according to ISO-105-AO3 (staining range), after which the 
tested samples were graded according to the change of color 
intensity and their coloring on gray. The grayscale is used to 
identify the score in half steps 5, 4–5, 4, 3–4, 3, 2–3, 2, 1–2, 
and 1 using the SDCE Grey Scale device. The scale in half 

of the steps consists of pairing gray patterns, from 5 – good 
(un-washed cotton fabric sample impregnated with 
nanosilver) to 1 – bad (white, un-impregnated sample). Each 
pairing illustrates the difference in hue between the tested 
and control samples, which corresponds to the numbered 
score. 

 
Antibacterial assay  
 
This assay was derived by using the horizontal method 

for the enumeration of microorganisms through colony count 
at 30 °C, with the surface plating technique, following the 
ISO 6888-1:1999/Amd 1:2,003. The obtained results were 
given in the original reference of the certified laboratory for 
food and drugs of the Veterinary Institute in Belgrade, 
Serbia. Briefly, nano-Ag-impregnated fabric was tested 
against S. aureus ATCC 25923. The inoculum was formed 
by the standard procedure for antimicrobial susceptibility 
testing ISO 20776-1. Overnight cultures of S. aureus were 
suspended in physiologic saline (NaCl 0.9%) solution in 
distilled water at pH 6.5 with a concentration of McFarland 
0.5 1–2 108 [colony forming unit (CFU)/mL] and further 
serial diluted in eight decimal steps using sterile saline. The 
vials of bacterial suspensions were then incubated with 
agitation at 220 revolutions per min (rpm) for 2 hrs, at 37 ± 
2 °C, which enabled the preparation of a homogenous 
suspension of bacteria. The tested cotton fabric samples, with 
dimensions 50 × 60 mm, were sterilized before testing by an 
autoclave device in moisturized heat (121 °C) for 15–20 min 
in Petri dishes (90 mm glass dish). Sterile cotton fabric 
specimens were then placed in sterile Petri dishes and 
inoculated with 2 mL of inoculums. After 4 hrs of incubation 
at room temperature, materials were impressed on the agar 
surface, and residue inoculum fluids were placed on agar 
(ISO 7218) to determine the remaining viable bacteria count. 

 
Antiviral assay for SARS-CoV-2 
 
Experimental setup: SARS-CoV-2 virus isolate SARS-

CoV-2/human/SRB/NSNIVNS01 (NCBI GenBank 
MW485928) of 4th blind passage, isolated in the Scientific 
Veterinary Institute Novi Sad, Serbia in April 2020 was used 
for experimental setup. The virus was isolated on the VERO 
cell line (ATCC CCL-81) by standard virus isolation 
technique. The virus cytopathic effect appeared in the first 
blind passage on VERO cells. The titer of the virus used in 
the experiment on VERO cell culture was 105.0 TCID/50 in 
0.1 mL. Firstly, the Ag-impregnated fabric was moistened 
with distilled water; then, it was appropriately squeezed 
(centrifuged at 15,000 rpm for 15 min and supernatant 
excluded) and cut into squares with dimensions 1.5 × 1.5 cm. 
Then, six such squares were placed in microtubes of 2 mL 
volume and soaked with 100 μL of SARS-CoV-2 virus 
isolate (in duplicate). These squares of Ag-impregnated 
fabric were exposed to the virus in the microtubes for 60 
min. After the specified time, 900 μL of tissue culture 
medium, without fetal calf serum, was added to each sample; 
tested squares were squeezed several times with micropipette 
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tips onto the microtube sides and vigorously shaken on the 
vortex. The same procedure was done with the fabrics 
without Ag as a negative control in duplicate samples. For 
RNA extraction, 200 μL of each tested sample was used 
(three virus samples treated with Ag-impregnated fabric, in 
duplicate; two virus samples treated with the fabric without 
Ag as negative controls, in duplicate; SARS-CoV-2 virus 
isolate used for the experiment as virus control, in triplicate). 
Half the prepared samples were first put on ice and later used 
for RNA extraction. The other half of the samples were first 
treated with propidium monoazide (PMA)xx dye [viability 
polymerase chain reaction (PCR)]. The RNA extraction and 
subsequently real-time reverse transcription (RT) PCR [real-
time RT-PCR or RT-quantitative PCR (qPCR)] for all the 
samples were done at the same time as described below. All 
samples subjected to real-time RT-PCR detection of SARS-
CoV-2 were tested in duplicate. 

 
Viability qPCR – virus integrity assay 
 
Since molecular methods cannot distinguish infectious 

and noninfectious particles, the infectivity of SARS-CoV-2 
samples both before and after the contact/incubation on/with 
Ag-impregnated fabric was predicted by treating the samples 
with the nucleic acid intercalating dye PMAxx (50 µmol/L) 
and Triton 100-X surfactant (0.5%), followed by 
photoactivation, which catalyzes stable cross-linking 
between PMAxx and any nucleic acid molecules to which it 
has access, before RT-qPCR. This enabled the distinction 
between virions with unchanged and modified capsids 17–20. 
The difference (reduction) in RT-qPCR signal between the 
treated and control aliquot – Δ cycle threshold (Ct) (ΔCt), 
which refers to the difference in RT-qPCR Ct, correlates with 
the portion of the target RNA in the sample which is 
associated with inactivated virions 21. Viability assays were 
carried out by treating 200 µL of SARS-CoV-2 viral load 
samples exposed/incubated with Ag-impregnated fabric, then 
SARS-CoV-2 viral load samples exposed/incubated with the 
ordinary fabric without Ag and unexposed virus control 
samples with 50 µM PMAxx (Biotium) and 0.5% Triton 
100-X (Thermo Fisher Scientific, Roma, Italy) in DNA 
LoBind 1.5 mL tubes (Eppendorf, Germany) in the dark at 
room temperature for 15 min in a shaker at 400 pm. 
Following an incubation period, to obtain a covalent bond 
with PMAxx and RNA, the viral suspensions were 
immediately exposed to 15 min photoactivation using a 
photoactivation system (PMA-Lite™ LED Photolysis 
Device, Biotinum, CA, US). After photo-induced cross-
linking with light emitted by blue light-emitting diodes 
(LEDs), samples were processed for RNA extraction and the 
PMAxx untreated paired samples and subsequently subjected 
to RT-qPCR amplification. 

 
Nucleic acid extraction and molecular analysis 
 
SARS-CoV-2-specific RNA was detected using an RT-

qPCR assay. Following instructions by manufacturers, RNA 
was extracted from virus isolates supernatants after the 

treatment of the Ag-impregnated cotton fabric, non-
impregnated cotton fabric, and virus-positive and negative 
controls by using the KingFisher Flex System (Thermo 
Fisher, Waltham, MA, USA) and extraction kit BioExtract 
SuperBall (Biosellal, France). Detection of SARS-CoV-2 
RNA was performed using the detection of the part of the 
RNA-dependent RNA polymerase gene (RdRp) in an RT-
PCR protocol (Charité, Berlin) according to the WHO 
guidelines 22. Primer sets used are forward RdRP_SARSr-F2 
(5’-GTGARATGGTCATGTGTGGCGG-3') and reverse 
RdRP_SARSr-R1 (5'-CARATGTTAAASACACTATTAGC 
ATA-3') with the probe RdRP_SARSr-P2 5'-FAM-
CAGGTGGAACCTCATCAGGAGATGC-BBQ-3'. The RT-
qPCR was carried out using the SuperScript III Platinum 
One-Step RT-qPCR Kit (ThermoFisher, USA) on an ABI 
PRISM 7500 Fast Real-Time PCR System (Applied 
Biosystems, USA). The positive control for real-time RT-
qPCR was isolated SARS-CoV-2/human/SRB/NSNIVNS01 
(NCBI GenBank MW485928). Nuclease-free water was used 
as the negative control, while a Ct treshold of 40 was 
regarded as cut-off to consider the test negative 22. RT-qPCR 
Extraction Control Red (MDX028, Meridian Bioscience, 
UK) was used according to the manufacturer’s 
recommendation as RNA extraction and RT-qPCR internal 
control of reaction.  

S. aureus was used in this assay as an ever-evolving, 
well-known pathogen with a complicated set of virulence 
factors, which lures from human and animal surroundings 
and even food 23–27. On the other hand, Ag is known for its 
antibacterial effect in different states 28–32. 

Molecular techniques using qPCR are robust, cost-
efficient, highly sensitive, and specific; they have the severe 
limitation of not being able to differentiate between 
infectious and noninfectious virus particles 33, 34. One of the 
most established qPCR modifications to measure infectivity 
is capsid integrity qPCR, an approach where samples are pre-
treated with the intercalating azo dyes PMA, ethidium 
monoazide (EMA) or their derivate PMAxx and photo-
reactive azide forms of phenanthridium - PEMAX 18–20, 35–38. 
The technique is based on the principle that an azo dye, 
applied to the examined sample before the virus genome 
extraction procedure, can only enter virions with a damaged 
capsid to covalently and irreversibly bind with viral DNA or 
RNA after activation with light emitted by high-energy 
lamps or blue LEDs. This pretreatment can block the 
amplification of nucleic acids due to the detachment of the 
polymerase when it encounters the dye-genome complex 35. 
Subsequently, only genomic targets that originate from intact 
virions are amplified, while those genome nucleic acids that 
were outside the virions (that belong to noninfectious 
viruses) at the time of the nucleic acid extraction procedure 
will not be amplified during the qPCR. 

Results 

The structure and distribution of cotton fibers (CFs) in 
dense cotton fabric used in ALBO nanosilver Fs are clearly 
visible in the SEM image (Figure 1). The fibers’ thickness is 
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about 15 µm, and they are intertwined throughout the cotton 
fabric in bundles wide about 300 µm. 

After impregnation, small dots of quantum size Ag are 
clearly visible on CFs (Figure 2). The EDS analysis showed 
that these fibers contain Ag quantum dots of about 1.1 mass 
%, while the quantities of C and O are 31.9 and 63.9 
mass %. 

The release of the Ag+ or small clusters of Ag from 
bonded Ag quantum dots is very low, decreasing 

significantly with increasing time of immersion of ALBO 
nanosilver Fs in hot water (60 °C) (Table 1). The release 
rates are 4.47 ppb/h for the first 4 hrs, 1.37 ppb for the next 8 
hrs, 0.89 ppb for the next 12 hrs, and finally 0.24 ppb for the 
next 48 hrs. These values are almost negligible, even for the 
first 4 hrs. 

The contact angle between water droplets and ALBO 
nanosilver Fs was measured (Figure 3, Table 2). These data 
indicate a strong hydrophobicity of the filter surface. 

 
Fig. 1 – Scanning electron microscopy:  

typical appearance of fibers in cotton fabric before  
silver impregnation (magnification × 150). 

 
 

 
a)                                                                        b) 

Fig. 2 – a) Scanning electron microscopy: A typical appearance of silver (Ag) impregnated cotton fabric fibers 
(magnification × 1,200); b) energy dispersive X-ray spectroscopy. 

 
 

Table 1 
Released concentrations of silver (Ag) during  

the various immersion times in hot water at 60°C 
Immersion time (hrs) Concentration of Ag (ppb) 
1 21.7 ± 0.2 
4 39.5 ± 0.2 
12 50.5 ± 0.5 
24 61.2 ± 1.0 
72 72.97 ± 0.9 
hrs – hours; ppb – part per billion. 
Results are presented as mean ± standard deviation. 
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In all washing cases, the color fastness of the Ag-
impregnated cotton fabric during rubbing in wet conditions 
was lower than in dry conditions. Final treatment with poly-
carboxyl  acid probably improves bonding strength, 
especially in wet conditions, between Ag quantum dots and 
CFs, as shown in Table 3. 

From the obtained results, even in inoculums over 105 
CFU/mL, a slight reduction of inoculums can be observed, 
while on 104 CFU/mL, this reduction was evident. When 
ALBO nanosilver Fs is used in contact with the initial load 
of inoculated bacteria order of 1.5 × 103 CFU/mL, this 
number decreased to 320 CFU/mL, while in non-
impregnated material, this number reduced to 1,691 CFU/mL 
(CFU counts after 1.5 × 103 CFU/mL is presented in 
Figure 4). This indicated that ALBO nanosilver Fs induces a 

huge reduction of viable bacteria absorbed on its surfaces 
(Figures 4–6). 

Described setup of tested samples (both PMAxx 
untreated and treated tested nanosilver quantum dots-
impregnated fabric samples, fabrics without nanosilver 
quantum dots as negative control samples for nanosilver 
quantum dots; SARS-CoV-2 virus as virus positive controls; 
water samples as virus negative controls) were presented in 
Tables 4 and 5. 

This difference translated to the number of viral particles 
detectable between the genome of SARS-CoV-2 exposed to 
the test materials – ALBO nanosilver Fs and untreated virus 
control samples, i.e., reduction of the viral load of the 
genome, ranged from 1.03 to 1.23 log10, with an average 
value of 1.14 log10 of detectable viral genome particles. 

 
Fig. 3 – The typical appearance of the micro-droplet at the surface of ALBO nanosilver filter.  

Magnification x 400 (a), x 600 (b). 

 
Table 2 

Contact angle between the water droplet  
and the surface of ALBO nanosilver filters 

Filter parameters Values 

Contact angle, ° 

144 
141 
131 
139 
143 

Average value, ° 139.6 
Error, ° 14 

 

Table 3 
Shade and fastness properties  

of ALBO nanosilver filters 
Parameters Values 

Wash times 

0 
5 
10 
15 

Wet color change 

5 
4–5 
4–5 
3–4 

Wet color staining 

– 
5 
4 
4 
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Fig. 4 – Reduction in colony forming unit (CFU) 

counts on nanosilver-impregnated and  
non-impregnated cotton fabric after 4 hrs of 

incubation under the load of 1.5 × 103 CFU/mL. 
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Fig. 5 – Bacterial counts on nanosilver-
impregnated material (left) and non-

impregnated cotton fabric (right) under the 
load of a) 102 colony-forming units (CFU)/mL 

and b) 103 CFU/mL. 

 

 
Fig. 6 – Nanosilver impregnated 

material impress on a) agar surface 
and b) control cotton fabric after  

4 hrs on incubation under 1–2 × 108 
colony forming units/mL. 

Table 4 
Results of influence of ALBO nanosilver quantum dots filter  

on SARS-CoV-2 virus loads and viability with PMAxx 

Label of sample 
Test samples Internal control#  

Labels Ct values 
SARS-CoV-2 Ct values  

ALBO nanosilver quantum 
dots filter, incubation with 
virus 60 min 

1 19.52 38.59 
1 19.33 38.51 
2 19.18 38.41 
2 19.24 36.22 
3 19.46 38.44 
3 19.34 34.84 

1P 37.65 32.44 
1P 37.67 32.32 
2P 38.59 32.04 
2P 38.63 31.95 
3P 38.50 32.03 
3P 39.00 32.02 

Filter without nanosilver 
quantum dots layers, 
incubation with virus  
60 min 

K1 18.79 36.38 
K1 18.90 34.98 
K2 18.60 36.76 
K2 18.55 36.25 

K1 P 35.43 31.81 
K1 P 35.30 31.50 
K2 P 35.16 32.39 
K2 P 35.93 31.72 

SARS-CoV-2 – severe acute respiratory syndrome coronavirus 2; PMA – propidium  
monoazide. 
1, 2, and 3 – samples of virus treated nanosilver quantum dots impregnated fabric in 
duplicate; K1 and K2 – samples of virus treated ordinary fabric without nanosilver 
quantum dots as nanosilver negative controls in duplicate; 1P, 2P, and 3P – the same as 
samples 1, 2, and 3 just treated with PMAxx dye for 15 min (viability assay); K1P and 
K2P – the same as samples K1 and K2 just treated with PMAxx dye for 15 min (viability 
assay); PC – virus positive control – unexposed virus control sample (SARS-CoV-2 virus 
isolate used for the experiment) in triplicate; PC-P – the same as PC just treated with 
PMAxx dye for 15 min (viability assay); water sample as negative control of the 
experiment in triplicate; NTC – non template control – polymerase chain reaction 
(PCR) reagents control on virus contaminaton in triplicates; # – internal control used in 
extraction and RT-qPCR as control of the reactions; nt – non tested; Ct – cycle 
threshold value refers the number of cycles needed to replicate enough DNA/RNA for 
virus detection. 
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Table 5 
Results of influence of ALBO nanosilver quantum dots  

filter on SARS-CoV-2 virus loads and viability without PMAxx 

Label of samples 
Control samples Internal control#  

Labels Ct values 
SARS-CoV-2 Ct values  

Incubation 60 min (carried 
out comparatively and 
under the same conditions 
as the incubation of virus 
with test samples) 

PC 15.75 36.75 
PC 15.41 35.33 
PC 15.47 36.47 

PC-P 28.33 31.76 
PC-P 8.49 31.41 
PC-P 28.33 31.59 
Water No Ct (Ct ˃ 50) 31.30 
Water No Ct (Ct ˃ 50) 31.39 
Water No Ct (Ct ˃ 50) 31.52 
NTC No Ct (Ct ˃ 50) nt 
NTC No Ct (Ct ˃ 50) nt 
NTC No Ct (Ct ˃ 50) nt 

For abbreviations, see Table 4.  
 

For six test-performed copies, the average Ct value of 
PMAxx-treated samples by incubated SARS-CoV-2 viruses 
with an ALBO nanosilver Fs for 60 min was Ct 38.34, while 
the mean value of the virus tested with PMAxx was Ct 28.38. 
Based on the “viability PCR” method, the maximal difference 
between the control and test samples determined based on the 
“viability PCR” method was 10.67 Ct, and the smallest, 9.16 
Ct values (average 38.34–26.38 = 9.96 Ct). Translated into the 
number of viral particles – detectable viable genome particles 
of SARS-CoV-2 virus, the difference between the tested 
ALBO nanosilver Fs material and untreated control samples 
(virus load used for experiment), i.e., the reduction in the 
number of viable viral particles (genomes), was from 2.75 
log10 to 3.20 log10, with an average of 2.99 log10 of the number 
of detectable viable viral genomes. 

Discussion 

SEM and EDS confirmed the impregnation of Ag onto 
CFs. Inductively coupled plasma spectroscopy (ICP) proved 
the powerful bonding of Ag quantum dots with cotton fabric 
fibers, which is very important from the aspect of filter 
safety if used as a part of a face mask. Wettability 
measurements indicated a strong hydrophobicity of the filter 
surface. Knowing that the contact angle of 150° corresponds 
to the superhydrophobic properties of a given material 39–40, 
the obtained data show that the surface of ALBO nanosilver 
Fs has nearly hydrophobic properties. Therefore, it can be 
expected that instead of being absorbed on the surface of the 
filter cloth, a droplet containing viruses will roll like a ball 
on its surface. This is very important because it indicates a 
significantly reduced probability of deeper penetration of 
aerosol droplets into the volume of the ALBO nanosilver Fs. 
The color fastness test showed that the color fastness of the 
Ag-impregnated cotton fabric during rubbing in wet 
conditions was lower than in dry conditions in all washing 
cases. The increased affinity between hydroxyl and COOH 
groups of the cross-linking poly- COOH acid also 

influences stronger chemical bonding of Ag quantum dots 
with CFs 41. These samples show significantly less 
morphological change of CFs during washing and, 
consequently, weakening of chemical bonds between the 
impregnated Ag quantum dots and the structure of CFs. 
Cross-linking inside of CFs is caused mainly by the reaction 
of the hydroxyl groups in cellulose and COOH group in 
poly- COOH  acid and the formation of two or more ester 
bonds with cellulose macromolecules, resulting finally in 
cross-linking cotton fabric fiber structure. Since cellulose 
macromolecules consist of interconnected glucose rings and 
hydroxyl groups, which protrude from macromolecular 
chains, providing reactive cross-linking sites due to cross-
linking reactions that occur in inaccessible regions with 
cellulose hydroxyl groups, this also results in better 
resistance from deformation 41, 42.  

The antibacterial assay showed that nano-Ag 
impregnation of the fabric could not hold the growth of S. 
aureus in large numbers, but for amounts found in human 
surroundings, it showed an exemplary effect. With 
ambulance patient services total bacterial count of 468 ± 607 
CFU/m3 and housing air count of 158 CFU/m3/day of S. 
aureus, we believe that we have achieved an exceptional 
reduction in the bacterial count for intended usage 32, 43. We 
have experienced better results than the top coating of cotton 
fabric with nanoparticles, where less than 20% of starting 
inoculum was reduced after 4 hrs 44, while our high activity 
is comparable to findings of Emam et al. 45 as well as Deng 
et al. 46. Lesser antibacterial effect in large inoculums may be 
due to the static method of incubation where bacteria have 
not had the opportunity to come in direct contact with 
material, as well as the short incubation period. The 
antibacterial activity of nano-Ag was found to be dependent 
on the shape and size of Ag particles 47.  

The results of the “viability PCR” method, which 
detects the RNA genome of only viable (complete) viral 
particles, indicated that ALBO nanosilver Fs showed a 
significant antiviral effect on SARS-CoV-2 which was 
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reflected in a significant reduction in the number of 
detectable viral genome particles relative to the virus being 
tested. The results obtained from the real-time RT-PCR 
method indicate a significant antiviral effect of ALBO 
nanosilver Fs when testing the number of viable (complete 
infectious particles) SARS-CoV-2 virions. The reduction of 
viability of SARS-CoV-2 virus particles used for the 
experiment after the one-hour contact with ALBO nanosilver 
Fs was ≥ 2.99 log10, or about 1,000 times lower number of 
infectious virus particles, which implicated very high 
efficiency of ALBO nanosilver Fs in protection from SARS-
CoV-2, which is the protection that far surpasses protection 
provided by any commercial mask available worldwide, 
including the FPP-2 and FPP-3 masks. 

Conclusion 

A new concept of manufacturing face masks for 
protection against bacteria and viruses, particularly 

SARS-CoV-2, was applied in this paper. This approach 
assumed the manufacturing of superhydrophobic, 
antibacterial, and anti-COVID active filters as the middle 
layer of a three-layer mask. These filters were made of 
dense cotton fabric impregnated with Ag quantum dots. 
In vitro investigations of these filters showed extremely 
high efficiency in destroying S. aureus bacteria and the 
SARS-CoV-2 virus. Additionally, the filters showed high 
safety and easy breathing, and, therefore, these masks can 
be a satisfactory solution during virus pandemics like the 
recent SARS-CoV-2 pandemic, particularly for the 
protection of medical staff working in highly virulent 
environments. 
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