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The COVID-19 pandemic has caused dramatic death and infection worldwide, leading to a global public
health crisis. As for precautions, scientists have different opinions on the effectiveness of masks in
preventing COVID-19 transmission. Published studies suggested that medical masks may help in preventing
respiratory virus infection. But the currently available experimental results are too preliminary to support
an informed policy. In conclusion, we need more well-designed and robust research on the effectiveness
of masks in preventing COVID-19 infection.
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Confirmed and fatal cases of COVID-19 infection are still increasing around the world. Up to 1 February 2022, the
COVID-19-confirmed cases have already surpassed more than 374 million, and deaths have exceeded 5.6 million.
The daily new cases are still increasing in the USA, Brazil, India, Russia, England, etc. In China, outbreaks in
clusters in local areas still exist during the winter, and the government and health administration have stayed alert
to prevent new outbreaks. The COVID-19 pandemic has had a strong impact on society, the economy and daily
life. Now we all realize that COVID-19 was not just a little flu and that preventing the spread of COVID-19 is still
a very important task globally.

SARS-CoV-2 belongs to the group of respiratory-transmitted viruses. Respiratory viruses are transmitted via
contact, droplets or aerosols [1]. Masks were one of the major protection measures at the beginning of the COVID-
19 pandemic when vaccines or the antiviral drugs were unavailable. As for the mask, conflicting recommendations
exist concerning whether we should use the mask to prevent respiratory illnesses, such as COVID-19 and SARS or
not [2-6]. We need more robust research to provide evidence on the effectiveness of masks as one of the measures in

preventing COVID-19 infection.

Governments’ attitude toward wearing masks

The attitude toward wearing masks differs between governments. A preliminary comparison analysis showed that
non-mask wearing countries (Spain, Italy, UK, Germany, France) had a significantly higher increase in COVID-19
cases than the mask-wearing countries (Japan, Thailand, China) at the time point 0f 2020 (7). In China, governments
recommended wearing masks from the beginning of the spread of COVID-19 to now. In the USA, the mask was
required for air travel since 1 May 2020, and a federal law was implemented on 2 February 2021, that masks are
required on planes, buses, trains and other forms of public transportation traveling into, within or out of the USA,
and in transportation hubs such as airports and stations. But, at the beginning of COVID-19, the government
did not recommend wearing masks in public. Now, USA CDC and the WHO recommend that people wear face
masks in public or at gatherings, and tell people to wear a mask as a normal part of being around other people.
However, both entities recommended just the opposite at an earlier time in the pandemic [s].
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Scientists have different opinions on wearing masks
By reviewing studies related to masks for the prevention of respiratory virus transmission, we found that scientists
have different opinions on wearing masks (3,4]. Some scientists claimed that the masks are ineffective in preventing
the spread of COVID-19. A perspective published in May 2020 in the ‘New England Journal of Medicine' 3]
concluded that cloth face masks offer little to no protection to the general population and healthcare workers.
The author pointed out that with active COVID-19 patients, who may contaminate the environment, a mask
will not protect healthcare workers or other people if they are not accompanied by hand hygiene, eye protection,
gloves and a gown [3]. Schauer SG et 4l 9] analyzed the effects of a county-wide mask order on COVID-19
mortality, ICU utilization and ventilator utilization in Bexar County, Texas, USA. There was no reduction in daily
mortality, hospital bed, ICU bed or ventilator occupancy of COVID-19-positive patients after implementation of a
mask order. A quantitative study evaluated the effectiveness of face masks in preventing airborne sneeze and cough
droplets. The results showed that masks would not offer complete protection to a susceptible person from a viral
infection in close (e.g., <6 ft) face-to-face or frontal human interactions, when the leakage percentages of these
airborne droplets were expressed in terms of the number of virus particles [10]. Before the COVID-19 pandemic,
a randomized trial that compares the efficacy of cloth masks to medical masks in hospital healthcare workers was
conducted in 2015 [11]. A total of 1607 participants were randomized and divided into three groups: medical masks
at all times on their work shift; cloth masks at all times on work shift and control group (standard practice, which
may or may not include mask use). The results showed that the rates of all infection outcomes were significantly
higher in the cloth masks group than in the medical mask group. Further, the penetration rate was almost 97 and
44% for cloth masks and medical masks, respectively. The study cautioned against the use of cloth masks and
concluded that cloth masks should not be recommended for healthcare workers, particularly in high-risk situations.
Some studies claimed that face mask use was effective in preventing COVID-19. A systematic review and meta-
analysis published in the journal ‘Lancer identified 44 relevant comparative studies in healthcare and non healthcare
workers and concluded that both N95 and surgical masks might result in a sharp reduction in virus infection [4].
Another meta-analysis included 21 studies that suggested mask use provided a significant protective effect in
preventing respiratory virus transmission [6]. A systematic review published in December 2020 in the ‘American

Journal of Infection Control’ compared the COVID-19 infection risk among participants who wore masks with
those who did not [12]. Six case—controlled studies were conducted in four countries (China, the US, Thailand and
Bangladesh). One of the studies involved participants from the general population, and the other five studies
involved only healthcare workers. The study concluded that wearing a mask significantly reduced the risk of
COVID-19 infection, especially for healthcare workers, which reduced the risk of infection by nearly 70 percent. A
prospective cohort study [13] in the USA evaluated the potential risk for increased virus transmission by measuring
the secondary attack rates (SARs) of COVID-19 between persons exposed when both parties were masked and
those exposed when >1 person was unmasked. The analysis results suggested that proper mask use is very effective
for reducing SARS-CoV-2 transmission, lowering the SAR among contacts by half. An epidemiologic study in
Germany employed public regional data regarding the number of COVID-19 infections [5]. The study compared
the increase of COVID-19 infection numbers in the region with the introduction of compulsory masks and regions
without compulsory masks at different time points. The scientists found that the number of newly diagnosed
COVID-19 infections decreased by 15-75% after 20 days of mandatory mask policy. By statistical analysis, the
authors concluded that the daily growth rate of diagnosed COVID-19 infection would reduce by about 47% 51.
Another epidemiological study investigated the mortality caused by the SARS-CoV-2 in 200 countries from the
beginning of the COVID-19 pandemic to 9 May 2020 [8]. The results showed that countries with the universal
wearing of masks by the public have low levels of coronavirus mortality. In the discussion, the authors point out that
Asian countries adopted widespread public mask usage strategy at the early period of the COVID-19 pandemic,
and the coronavirus mortality was low in these countries, which at least tells us that masks seem unlikely to be
harmful. The study concluded that the introduction of compulsory masks had led to fewer deaths than countries
without mandatory masks [s].

Scientists explored the mechanisms of masks against droplet infections from a fluid physics point of view. Face
masks can offer three fundamentally different kinds of protection [14]. The first fundamental protection mechanism
was that the mask effectively prevents a smear infection, as the wearers of the masks no longer habitually touch
the face and thus reduce the opportunity of bringing the virus from the hand into the mouth or nose. The second
protection mechanism was that the flow resistance of the mask greatly limits the spread of viruses in the room.
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The third protection mechanism was that the inhalation of droplets containing viruses can be prevented by using
a tight-fitting mask (N95) with particle filtering properties.

Conclusion

From the published studies, one preliminary conclusion is that medical masks may help in preventing respiratory
virus infection, and the effectiveness of cloth face masks needs further investigation (7,15,16]. As we all know, the
currently available experimental results are too preliminary to support an informed policy. Most included trials in
meta-analysis and reviews had poor design, reporting and sparse events. There is no RCT for the impact of masks
on community transmission of COVID-19 until now due to logistical and ethical reasons (ethical issues prevent
the availability of an unmasked control arm). The single epidemiologic study is not robust enough to back up
a conclusion because of the population differences (age, gender, culture) and confounding factors (mask types,
masks worn scientifically or not, vaccination and hand hygiene). We suggest that medical surgical masks and cloth
face masks should be analyzed separately in future research. Using observational data to make causal inferences
should be done very carefully. In addition, asymptomatic carriers should be considered a very important group in
a community study. As the coronavirus vaccine has been marketed and administered in the general population in
some countries, like China and the USA, it is worth investigating the necessity of wearing masks in vaccinated
individuals.

In conclusion, we need more well-designed and robust research to study the effectiveness of masks as one of the
strategies in preventing COVID-19 infection. Before we have enough evidence, governments should be careful in
giving guidance to the public. It is suggested that informing the public that mask-wearing is one of the strategies
that may help reduce spread, but the effectiveness of the mask needs more scientific evidence.

Future perspective

With the accumulation of prevention and control experience with COVID-19 disease, determining the effectiveness
of masks on preventing COVID-19 is worthwhile with the assessment based on previous data and robust randomized
trials. It may also prove helpful to meet the challenge of the possible mutant viruses that appear in the future. As
the coronavirus vaccine has been marketed and administered globally, whether the general population still needs to
wear masks after mass vaccination is also worth investigating.

Executive summary

Background

e SARS-CoV-2 belongs to the respiratory transmitted virus group. Respiratory viruses are transmitted via contact,
droplets or aerosols.

e Wearing a mask is one of the strategies to prevent the spread of respiratory transmitted viruses.

Governments’ attitude toward wearing masks

e The attitude toward wearing masks differs between governments.

Scientists have different opinions on wearing masks

e Scientists have different opinions on the effectiveness of masks in preventing COVID-19 transmission.

e Scientists have explored the mechanisms of masks against droplet infections from a fluid physics point of view.

Conclusion

e A preliminary conclusion is that medical masks may help in preventing respiratory virus infection. However, the
currently available experimental results are too preliminary to support an informed policy.

e More well-designed and robust research on the effectiveness of masks in preventing COVID-19 infection is
needed.

Author contributions
J Nie: study design, data analysis and writing; L Kang: article revision; Y Pian: article revision; J Hu: study design and article revision.

Financial & competing interests disclosure
The authors have no relevant affiliations or financial involvement with any organization or entity with a financial interest in or finan-
cial conflict with the subject matter or materials discussed in the manuscript. This includes employment, consultancies, honoraria,
stock ownership or options, expert testimony, grants or patents received or pending, or royalties.

No writing assistance was utilized in the production of this manuscript.

future science group 10.2217/fvI-2021-0032



Special Report

Nie, Kang, Pian & Hu

Data sharing statement

Requests for access to data should be made to Jingjing Nie, email: niejingjing4466@bjhmoh.cn or niejingjing5@163.com.

References

1.

Kutter JS, Spronken MI, Fraaij PL, Fouchier RA, Herfst S. Transmission routes of respiratory viruses among humans. Curr. Opin. Virol.
28, 142-151 (2018).

Bundgaard H, Bundgaard ]S, Raaschou-Pedersen DET ez a/. Effectiveness of adding a mask recommendation to other public health
measures to prevent SARS-CoV-2 infection in Danish mask wearers: a randomized controlled trial. Ann. Intern. Med. 174(3), 335-343
(2021).

Klompas M, Morris CA, Sinclair J, Pearson M, Shenoy ES. Universal masking in hospitals in the COVID-19 era. N. Engl. ]. Med.
382(21), 63 (2020).

Chu DK, Akl EA, Duda S, Solo K, Yaacoub S, Schunemann HJ. Physical distancing face masks, and eye protection to prevent
person-to-person transmission of SARS-CoV-2 and COVID-19: a systematic review and meta-analysis. Lancetr 395(10242), 1973-1987
(2020).

Mitze T, Kosfeld R, Rode J, Walde K. Face masks considerably reduce COVID-19 cases in Germany. Proc. Natl Acad. Sci. USA 117(51),
32293-32301 (2020).

Liang M, Gao L, Cheng C ez 4/. Efficacy of face mask in preventing respiratory virus transmission: a systematic review and meta-analysis.
Travel. Med. Infect. Dis. 36, 101751 (2020).

Li T, Liu Y, Li M, Qian X, Dai SY. Mask or no mask for COVID-19: a public health and market study. PLoS ONE 15(8), €0237691
(2020).

Leffler CT, Ing E, Lykins JD, Hogan MC, McKeown CA, Grzybowski A. Association of country-wide coronavirus mortality with
demographics, testing, lockdowns, and public wearing of masks. Am. /. Trop. Med. Hyg. 103(6), 24002411 (2020).

Schauer SG, Naylor JF, April MD, Carius BM, Hudson IL. Analysis of the effects of COVID-19 mask mandates on hospital resource
consumption and mortality at the county level. South Med. ]. 114(9), 597-602 (2021).

Akhtar J, Garcia AL, Saenz L, Kuravi S, Shu F, Kota K. Can face masks offer protection from airborne sneeze and cough droplets in
close-up, face-to-face human interactions? A quantitative study. Phys. Fluids 32(12), 127112 (2020).

Maclntyre CR, Seale H, Dung TC ez al. A cluster randomised trial of cloth masks compared with medical masks in healthcare workers.
BM] Open 5(4), €006577 (2015).

LiY, Liang M, Gao L ¢z al. Face masks to prevent transmission of COVID-19: a systematic review and meta-analysis. Am. J. Infect.

Control 49(7), 900-906 (2021).

Riley J, Huntley JM, Miller JA, Slaichert ALB, Brown GD. Mask effectiveness for preventing secondary cases of COVID-19, Johnson
County, lowa, USA. Emerg. Infect. Dis. 28(1), 69-75 (2022).

Kahler CJ, Hain R. Fundamental protective mechanisms of face masks against droplet infections. /. Aerosol. Sci. 148, 105617 (2020).

Ataei M, Shirazi FM, Nakhacee S, Abdollahi M, Mehrpour O. Assessment of cloth masks ability to limit COVID-19 particles spread: a
systematic review. Environ. Sci. Pollut. Res. Int. 29(2), 1645-1676 (2022).

Laxminarayan R, Wahl B, Dudala SR ¢z a/. Epidemiology and transmission dynamics of COVID-19 in two Indian states. Science
370(6517), 691-697 (2020).

10.2217/fvI-2021-0032

Future Virol. (Epub ahead of print) future science group




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (Coated FOGRA39 \050ISO 12647-2:2004\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize false
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 400
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /FlateEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 400
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /FlateEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /ENU ([Based on 'PPG Indesign CS4_5_5.5'] [Based on 'PPG Indesign CS3 PDF Export'] Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks true
      /AddPageInfo false
      /AddRegMarks true
      /BleedOffset [
        8.503940
        8.503940
        8.503940
        8.503940
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions false
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 600
        /LineArtTextResolution 2400
        /PresetName (Pureprint flattener)
        /PresetSelector /UseName
        /RasterVectorBalance 1
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MarksOffset 8.835590
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


