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Abstract: Children account for a significant proportion of the world's population and are a
particularly vulnerable subpopulation regarding environmental factors. In a scoping review of a
total of 3130 articles compiled from relevant medical literature, including 107 publications, we
provide an empirical overview of the literature on masks in connection with children, particularly
with regard to its' expected effects on viruses during the pandemic 2020-2023 versus scientific reality
and evidence, including the side effects. While masks lack ecological validity from a strictly
empirical point of view (transferability of experimental results from laboratories and modelling to
the real world, e.g. to situations or environments typical of everyday life) and high-quality studies
are showing little evidence of their effectiveness in real-world scenarios, whereas the side effects
appear to be clear. An individual risk-benefit analysis is necessary and also a consideration of the
situations, in which the use of masks in children could be justified. This review including the
literature found and analysed will be able to help when making decisions in this regard.

Keywords: children; masks; N95; surgical mask; risk; adverse effects; long-term adverse effects;
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1. Introduction

Children can be more vulnerable than adults to environmental hazards, such as those presented
by chemicals, due to their physiological differences and unique behaviour. Risk assessment
methodologies that specifically consider children are required to ensure that potential risks are
addressed [1].

Since 2020 until 2023 during the SARS-CoV-2 pandemic wearing coverings of mouth and nose
has become a new normal part of everyday life for many children around the world [2,3] because
there was belief that masks could help contain the virus [4-7]. The World Health Organisation stated
in the 2021 Mask Guidelines, that virus spreading may even increase, if mask management guidelines
are not strictly followed [8]. For example, the WHO urged people to clean their hands before putting
on a mask, as well as before and after taking it off and after putting it on. When the mask is removed,
it should be stored in a clean plastic bag or disposed of in a waste bin [8]. There is no question that
children are unable to follow these instructions when even experts and high ranking politicians are
unable to, infringing every single point of the mask management guidelines nearly by the minute,
especially high-ranking health experts and the chair (see online Video from the U.S. Senate
Committee on Health, Education, Labor and Pensions; March 18, 2021, 10:00 a.m., 216 Hart Senate
Office Building; Full Committe Hearing “Examining Our COVID-19 Response: An Update from
Federal Officials”, especially at the time markings 0:34:47, 2:08:09, 2:12:26; 2:23:26, 2:26:33 and 2:37:30)
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[9]. Even medical personnel needs training in so-called donning and doffing to prevent spreading
and self-infection. It could never be proven that children follow such instructions by the majority and
with respect to worst case risk assessment it has to be assumed that mask mandates in children are
associated with increased risk in transmission because of improper handling while being of no benefit
at the same time. But what about the risk of wearing such devices for this vulnerable group? In many
countries children had been mandated to wear masks in schools and comparable facilities for large
proportions of the day [10-12]. Even children down to 2 years of age were forced to do so despite
diminishing disease severity in children [13,14], despite widespread infection with COVID-19, while
there was no confirmatory, high-quality evidence of benefits of face masks [15]. For example, children
were instructed by the American Academy of Paediatrics to wear masks even when playing sports
indoors [16]. During the pandemic, nudging [17] as well as direct social pressure also had influence
on children mask wearing habits [4].

After the pandemic, the use of face masks by children became less common. But some apparently
politically motivated publications [18] do unfortunately conceal large scientific evidence on lacking
effectiveness against viruses [19-21] and conceal clearly proven side effects [22-26]. Moreover, those
politically driven publications are trying to propagate face mask wearing also in children, especially
in future virus pandemics [18] and for other purposes like air pollution [27]. However, regarding face
masks and children the establishment of a balanced and scientific view without any interference of
politics appears to be necessary [10,11,22-24,28,29] and there should be no doubt that a medical and
ethical risk-benefit assessment is recommended [30].

According to Unicef, the global population under the age of 18 is around 2.4 billion [31]. Taking
into account the total world population of approximately 8 billion [32], children make up just under
a third of the world's population, which emphasises the importance of the children mask topic.
Children are a subgroup more susceptible to potential negative environmental factors because they
have early life conceptual tissues with less well-developed protective/conjugative pathways [33,34].

Therefore, a careful risk-benefit analysis appears to be necessary, especially when children use
masks, as masks show significant undesirable side effects and risks [22-24,29,30].

To the best of our knowledge, the first holistic narrative literature overview on face masks and
children appeared in 2011 and was written by Raymond Roberge [35], nearly ten years before the
SARS-CoV-2-pandemic 2020-2023. Another overviewing narrative mini-review was performed ten
years later [36], during the pandemic in 2021 including only two children studies. So there is a need
for an update, particularly as new and more data emerged during and after the SARS-CoV-2
pandemic. Altogether, there is sparse published scientific data specifically and holistically
summarising the issue of the use of protective face masks in children. With the aim to shed light on
this important topic we decided to conduct a review on this topic in order to evaluate reliable
scientific data and to establish an update of the knowledge including a preliminary risk-benefit
assessment.

2. Material and Methods

2.1. Review Type

Our scoping review with systematic search according to PRISMA (Preferred Reporting Items for
Systematic Reviews and Meta-Analyses) serves as an overview of the literature. In order to provide
an objective and holistic view it includes reported positive as well as negative aspects and effects
reported regarding mask use in children. It is important that adverse effects are also addressed in
order to avoid one-sided summaries of the evidence. Looking at the Cochrane Handbook chapter on
adverse effects of interventions it is pointed out that we preferably overestimate than underestimate
a risk [37-39]. Additionally, the Cochrane Handbook of reviews of interventions states that
inconsistent and poor reporting of adverse effects is a problem, and rare or long-term adverse effects
may only be observed in non-randomised studies such as large cohort studies or case-control studies.
In our scoping review we also aimed to discuss the effectiveness of face mask in children, especially
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regarding viral infections and transmission, which was the main argument for their use during the
pandemic.

2.2. Search Strategy

We executed a systematic title and abstract-specific search using PubMed/MEDLINE database
to identify the articles (reviews, case reports, original research, technical notes) that were related to
face masks and children with respect to surgical, N95 and other mask types (as these have been
imposed by law during the pandemic, e.g. in schools in many countries).

Our search terms were as follows:

((mask[Title/Abstract]) OR (face mask[Title/Abstract]) OR (facemask[Title/Abstract]) OR
(surgical mask[Title/Abstract]) OR (FFP1[Title/Abstract]) OR (FFP2[Title/Abstract]) OR
(FFP3[Title/ Abstract]) OR (N95[Title/ Abstract]) OR (KF94[Title/Abstract]) OR
(KN95[Title/Abstract])) AND children|[Title/Abstract].

The time range of our search was from 1957 to 15.06.2024.

A specific age range was included as a selection criterion; our search included only data that
were extracted from or with individuals under 18 years of age.

Articles selected for inclusion in the review were those that included information relating to the
use of protective facemasks by children, including articles relating to the positive effects, to the
physiology of children, to the psychological and sociological aspects, physical symptoms, clinical
conditions, toxicological aspects as well as to the protective efficacy against respiratory infectious
agents.

Two independent researchers identified and screened the eligible studies. The selected papers
were checked by all authors for final eligibility. Study design, methodology, primary and secondary
outcomes were evaluated. Exclusions and reasons for them were documented.

Concerning included studies, the following data was extracted into tables: Author and year, type
of study, topic/aim, outcomes, sample size, main findings, sponsor and conclusions.

Of the 3130 total articles retrieved from medical literature and 19 additional records identified
through other sources, 107 articles published in peer-reviewed journals directly or indirectly
addressed the topic and thus serve as the database for this review (Figure 1). These include 18 reviews
(7 systematic reviews including one Cochrane review), 76 primary studies including randomised
controlled trials, randomized clinical trials, cluster-randomized trials, observational studies, cross-
sectional, cohort studies, case control studies, case series, surveys and modelling studies.
Additionally, 13 communications (commentaries, statements, editorials, opinions and letters to the
editor) are included.
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Figure 1. PRISMA flow diagram of the scoping review.

3. Results

We extracted the most important data from the 107 papers in tables.
The tables can be found in the supplement and contain the following items :

- Evidence for (non-)effectiveness (16 papers, 14.9%, supplement: Table S1),

- DPositive effects (13 papers, 12.2%, supplement: Table S2),

- Psychological and sociological effects (41 papers, 38.3%, supplement: Table S3),

- Physical symptoms, clinical conditions (8 papers, 7.5%, supplement: Table S4),

- Physio-metabolic and toxicological effects (23 papers, 21.5%, supplement: Table S5),

- Empirically and experimentally unproven claims — no ecological validity from a strictly
empirical view (6 papers, 5.6%, supplement: Table S6).

=

. Discussion

The results of the evaluation of the 107 publications included are discussed below (4.1-4.6), based
on the literature listed in the extraction tables (Supplement: Tables S1-56).

In addition, we added an important chapter on microbiological mask contamination (4.7).

Finally, the important topic of risk-benefit analysis (4.8.) is discussed, which can serve as a basis
for decisions on mask obligations in children.
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4.1. Evidence for (Non-) Effectiveness

The literature evaluation reveals, that there are some studies claiming to show the effectiveness
of masks, but the majority of studies clearly prove that face masks are not effective against viruses
and impress with their better quality and good design (supplement: Table S1).

Evidence for Effectiveness

In a cross-sectional study aiming to provide descriptive data on infection risks as reflected by
infection prevalence, on potential pathways and risk factors as well as on manifestations in young
children, undiagnosed infections were found in 12.5% of kindergarten children and 68.4 % of them
never wore a facemask. The self-reported neglect of wearing a facemask was associated with
preceding infection, supporting a protective effect [40]. Weaknesses of this study are the weak
endpoint of self-report and the uncertain exclusion of further protective measures due to unclear
contextual factors such as family of origin and hygiene measures within these families.

The results of a retrospective cohort study with the aim to assess if wearing face masks in the
classroom is a useful mitigation measure to control SARS-CoV-2 infections showed that transmission
can be reduced in school classes by mandatory FFP-2 mask use with only a small difference in
cumulative SARS-CoV-2 infection rates [41]. In many cases, however, infection appears to be
postponed rather than avoided.

The authors” conclusion was that infections with SARS-CoV-2 are delayed, but they cannot be
prevented in the long run by wearing face masks [41]. However, the endpoint was a comparison of
cumulative SARS-CoV-2 infection rates in sports classes (with limited use of face masks) and non-
sports classes (with the consequent use of face masks).

A cross-sectional study to assess potential risk factors for the COVID-19 seroprevalence in
children aged <18 years who visited a hospital in Somalia, evaluated COVID-19 Ag Rapid Test lateral
flow immunoassay kit results, clinical characteristics, as well as a preventive practices questionnaire
[42]. The majority of participants with positive antibodies against SARS-CoV-2 were school-aged
children and children, who did not wear facemasks, as well as those who had close contact with
infected adults among others. However, in that study no separation of diverse measures was
established. Correlation is not causality and the detection of antibodies is not principally linked to an
undesirable condition, e.g. herd immunity. Interestingly, 46.9% of the COVID-19—-positive children
were asymptomatic without any clinical signs of the disease [42].

A research-based commentary to examine the impact of non-pharmaceutical interventions
(NPIs) on the resurgence of other respiratory viruses found lockdowns imposed during the pandemic
in Europe, Australia, and New Zealand have resulted in a sizeable group of susceptible young
children who lack pre-existing immunity because of reduced exposure during colder months [43].
However, the assumptions of masks’ effectiveness are based on the modelling of mask wearing and
infection rates and thus have to be viewed critically.

A systematic review to provide an assessment of the evidence on the effectiveness of measures
implemented in the school setting to keep schools open safely during the COVID-19 pandemic found
low-certainty evidence from 7 studies that there may have been a beneficial effect of mask mandates
on transmission-related outcomes [44]. However, the authors concluded, that further high-quality
research into school measures is needed to develop a more evidence-based understanding [44].

A systematic review (with narrative synthesis) to evaluate the effectiveness of face masks in
reducing COVID-19 incidence in school settings found four studies that showed no difference or even
worse results between mask and control, but 10 out of 14 included studies indicated that mask use
could reduce COVID-19 incidence in schools [45]. As no randomised controlled trial could be
identified, only 12 observational studies have been included and their overall risk of bias was
moderate to serious. Weakening the conclusion are different methodologies adopted in included
studies and the lack of randomization as well as no clear separation of mask wearing from other
contextual factors and measures implemented at the same time.
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Evidence for Non-Effectiveness

A survey to assess the accuracy of face mask wearing by children and adolescents in different
school situations showed that masks were worn correctly in only 63.7% of the time in the presence of
a teacher, but this percentage decreased to 31.9% when no teacher was present [46]. Students reported
mouth and nose uncovered as being dominant, followed by mouth covered, nose uncovered variant.
So even if the mask had an effect, incorrect use by children would jeopardize its effectiveness.

Correspondingly, an observational study to ascertain the prevalence of face mask usage and the
factors affecting the same found only 24.5% of children using the mask appropriately, and 33% of
children did not wear a mask at all [47].

Many studies show that masks used by children are not effective against viruses.

A systematic review with the aim to evaluate the body of literature on mask wearing in children
to assess the existing evidence regarding protection offered by face masks against SARS-CoV-2
infection or transmission with 22 studies included showed that real-world effectiveness of child mask
mandates against SARS-CoV-2 transmission or infection could not be demonstrated with high-
quality evidence [19]. Sandlund et al. concluded, that the body of scientific data does not support
masking children for protection against COVID-19.

In an editorial the evidence and harms of masks in children against COVID-19 were discussed.
There is absence of evidence for masking children against COVID-19. Studies showing a protective
effect of face masks were more likely to be published than negative studies [48]. Children are less
affected by the virus. Mask use reduces focus from other measures that may be more important. The
conclusion was no recommendation for masking children, as most of the children with COVID-19 get
few symptoms and do not seem to drive the mortality of the pandemic [48].

In a research which aimed to build on an observational study by the Centers for Disease Control
(CDC) that demonstrated a link between school mask mandates and reduced paediatric COVID-19
cases, it was investigated whether this relationship holds in a larger, nationally representative dataset
over an extended time-frame [20]. Interestingly, after nine weeks, the case rate per 100,000 was 18.3
in counties with mask mandates, compared to 15.8 in counties without them (p = 0.12). In a larger
sample of 1,832 counties, between weeks 2 and 9, the case rate per 100,000 people decreased by 38.2
in counties with mask mandates and by 37.9 in counties without them (p =0.93). Thus, in the extended
sample, the link between school mask mandates and case numbers was not sustained [20]. The
author’s conclusion was that observational studies of interventions are subject to various biases and
do not offer enough evidence to support the recommendation of mask mandates.

An observational study aimed to evaluate the effectiveness of mandatory mask use in children
with quasi-experimental comparison between 5-year-old children, as a control group, and 6-year-old
children, as an interventional group [49]. Mask wearing vs no mask was compared with help of
incidence of SARS-CoV-2, secondary attack rates (SAR) and the effective reproductive number (R¥).
The results show, that with mandatory use of face masks, the children have a significantly higher
transmission indicator [49]. Altogether, mask mandates in schools were not associated with lower
SARS-CoV-2 incidence or transmission.

A review which critically examined the United States” decision to mask children as young as two
for COVID-19 concluded that considering the best available high-quality evidence on mask
effectiveness alongside potential harms, the practice of masking children appears increasingly
unfavourable [15].

With an increasing number of high-quality studies showing no evidence of benefit and an
increasing number of studies reporting adverse effects on children, justifying the CDC's mandate for
masking children has become more difficult. From the outset, the best available evidence has never
supported a clear net benefit of masking very young children [15].

An observational study to compare COVID-19 incidence among 10-12-year-olds between cities
with different recommendations on the use of face masks in schools found the highest incidence rates
in winter months in the school mask mandated cities [50]. The authors conclusion was that face mask
recommendations in schools did not reduce COVID-19 incidence among 10-12-year-olds in Finland
[50].
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One review emphasised that face masking for children should be reconsidered [10]. The author
discussed, that there are no randomised controlled trials - the gold standard for determining the
effectiveness of facemasks on children. Despite having the lowest risk of severe disease from SARS-
CoV-2 infection, children have endured the most disproportionate disruption to their lives during
their most formative years. The conclusion was, that there is no robust evidence to recommend face
masks for children, and a need to return to other first principles and focus on evidence-based
interventions that help protect children [10].

In a Cochrane systematic review to assess the effectiveness of physical interventions (including
masks) to interrupt or reduce the spread of acute respiratory viruses the pooled results of RCTs did
not show a clear reduction in respiratory viral infection with the use of medical/surgical masks [21].
This was consistent with 3 studies of 43 included regarding masks and children. Jefferson et al.
concluded, that there is uncertainty about the effectiveness of face masks in the elderly and in young
children [21]. Altogether, harms associated with physical interventions were under-investigated.

For the most part, masks show no empirically proven effectiveness in studies. The studies that
attempt to prove effectiveness have weak endpoints, e.g. self-reports and the uncertain exclusion of
further protective measures, unclear contextual factors, modelling of mask wearing and infection
rates and many authors interpret correlation as causality [30].

In contrast, the studies that refute the antiviral efficacy of the masks are convincing due to the
design and the higher-quality data collection.

Further high-quality research is needed to develop a more evidence-based understanding.

4.2. Positive Effects

There is literature reporting positive mask effects on children (supplement: Table S2). However,
this must be viewed and discussed in a differentiated manner.

A review of health effects of wildfire smoke and public health response aimed at children
including masks showed that N95 respirators are able to decrease outdoor wildfire particle exposure
by ~80% and surgical masks by ~20% [51]. These benefits would only be expected for short durations.
The evaluated studies generally support the idea that children could see benefits from respirators in
wildfire smoke scenarios, despite the concern that fit may be difficult due to more variation in facial
sizes [51]. However, the false sense of security and the possible adverse physiologic effects have to
be considered. The authors of the paper remind that there is a research gap regarding mask safety in
children [51].

An analysis of the monthly incidence rates of invasive pneumococcal disease (IPD) and the
distribution of serotypes in high-risk age groups between 2020 and 2021 during non-pharmaceutical
interventions (NPIs) like face masking, enhanced hand hygiene, social distancing, international travel
controls, effective quarantine and contact-tracing policy to control COVID-19 found a significant
reduction in IPD incidence rates among children.

However, no separation of face masks- and other measures was established [52].

In a cross-sectional study with the aim to evaluate the additional benefits of non-pharmaceutical
interventions (NPIs) like border restrictions, quarantine and isolation, community management,
social distancing, face mask usage, and personal hygiene against COVID-19 on notifiable infectious
diseases (NIDs) except COVID-19 the largest reduction (82.1%) was found for children aged 0-14
years [53]. The authors’ conclusion was, that non-pharmaceutical interventions (NPIs) aimed at
COVID-19 prevention may significantly benefit the prevention of other infectious diseases [53].
However, no separation between the different measures (border restrictions, quarantine and
isolation, community management, social distancing, face mask usage, and personal hygiene) was
established [53].

A 2011 study to investigate efficacy, acceptability, and tolerability of face masks and hand
hygiene in households with influenza index patients showed that participants of households which
fully implemented the intervention within 36 hours of symptom onset had a significantly lower risk
of influenza infection. The authors” conclusion was, that non-pharmaceutical interventions may be
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effective in preventing influenza transmission in households also including children. However, the
authors did not ensure a separated evaluation of the measures [54].

A cluster-randomized trial from the same research group with the aim to monitor adherence
and tolerability of face masks and intensified hand hygiene to prevent influenza infections in
households which objectified the frequency of wearing face masks and frequency of hand disinfection
showed that children accepted wearing masks — even when ill — at a rate similar to that of adults [55].
However, also this study did not separate the measures.

In a randomized clinical trial to evaluate the effect of wearing a face mask on hand-to-face
contact by children while in a simulated school attendance, the rate of hand-to-mucosa contacts was
significantly lower in the mask group, while the rate of hand-to-non-mucosa contacts was higher [56].
Therefore, the rate of hand-to-face contacts did not differ significantly between the mask and the
control groups [56]. But as face touching was higher in the mask group (rate of hand-to-non-mucosa
contacts) potentially the positive effect of lower mucosa contact rate was possibly neutralised.

In a modelling study a mathematical transmission model was used to investigate the impact of
various interventions (natural ventilation, face masks, high efficiency particulate air (HEPA)
filtration, and their combinations) on the concentration of virus particles in a classroom with one
infectious individual [57]. The outcome was the cumulative dose of viruses absorbed by exposed
occupants. In the hypothetical calculations surgical face masks showed significant effectiveness
regardless of the season, with an 8-fold decrease in transmission [57]. Combined interventions (such
as natural ventilation, masks, and HEPA filtration) were the most effective in the calculation,
resulting in a 25-fold decrease and maintaining high effectiveness even in the presence of a super-
spreader. However, the results of this modelling study should be interpreted with caution as it does
not represent empirical experimental evidence.

An observational study evaluated the effect of NPI measures (hand washing, mandatory use of
face masks for children older than 5 years, social distancing) and their influence on the circulation of
respiratory viruses among children before and during the SARS-CoV-2 pandemic [58]. A notable
effectiveness of NPIs (hand washing, mandatory use of face masks for children older than 5 years,
social distancing) in lowering respiratory virus transmission among children was shown, even when
not specifically targeted at preschool-aged children [58]. Rhinovirus, RSV, HMPV, and influenza
showed particularly favourable responses to these interventions [58]. Unfortunately, no separation
of face masks and other measures could be ensured. It is unclear what role the masks alone played
among the many other measures. An isolated positive evaluation of masks is therefore not
permissible.

Another study aimed to evaluate the transmission of SARS-CoV-2 in schools and their
association with infection control measures using a multiple-measurement approach [59]. Outcomes
were SARS-CoV-2 in aerosols in the air and saliva samples from the students. Daily average aerosol
number concentrations decreased by 69% with mask mandates and 39% with air cleaners [59].
Compared to no intervention, the transmission risk was lower with mask mandates and comparable
with air cleaners. The authors concluded from their results, that mask mandates were linked to more
significant reductions in aerosol concentrations and lower transmission rates compared to air
cleaners [59]. However, the results of this study should be interpreted with caution. The authors
modelled disease transmission using a semi-mechanistic Bayesian hierarchical model, adjusting for
absent students and community transmission (probabilistic simulation approach) [59]. Furthermore,
an airborne detection of pathogens document exposure but not necessarily transmission [59]. The
absence of hard endpoints such as infection and disease does not allow for any empirically relevant
conclusions.

A survey to evaluate the impact of non-pharmaceutical interventions (NPIs) on behaviour and
influenza infection among children in a metropolitan area comparing two periods (pre-COVID-19
and the 2020-2021 season during the COVID-19 pandemic) revealed that among children who
simultaneously washed their hands and wore face masks, there was a significant reduction in
influenza infections [60]. However, in the evaluations no separation of face masks and other measures
was ensured.
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In a prospective observational study aiming to track the progression of COVID-19 infections in
schools and preschools and identify the factors (hygiene measures including keeping a distance with
at least 1.5 m, proper coughing, sneezing and thorough hand washing, wearing a mask and frequent
ventilation) affecting the severity of outbreaks, the teacher/caregiver mask obligation and the face
mask obligation for children showed a significant reduction in the number of secondary cases with
small effect sizes [61]. However, as no separation of face masks and other measures was ensured, no
valid conclusions regarding masks could be made.

A cross-sectional analysis of a longitudinal study with the aim to measure SARS-CoV-2
infections and seroactivity in 24 randomly selected school classes and connected households found
that the prevalence increased with inconsistent facemask-use in school. However, mask wearing was
recorded by self-reporting and there was no methodically safe separation of mask wearing from other
measures such as distancing and hygiene rules [62].

In a survey of school-aged children and adolescents during the COVID-19 pandemic, evaluating
the self-reported psychological distress status, students who rarely wore face masks had significant
higher odds of self-reported psychological distress [63]. The frequency of wearing a face mask and
time spent exercising apparently had a protective association for mental health [63]. Students who
wear face masks frequently, might have the feeling to less likely contract COVID-19, which could
further reduce worry and anxiety levels and promote mental well-being. Therefore, the authors
concluded, that wearing a mask may be more conducive to mental health [63]. However, such a
positive mask effect should be interpreted with caution. A more distressed person might be less
inclined to take self-protective steps. Students with pre-existing mental health problems may pay less
attention to COVID-19 and therefore be less likely to be concerned about mask use.

Altogether, many studies reporting positively on masks against viruses in children did not
separate the covering of mouth and nose from other more effective measures like hand washing and
others [52-55,58,60-62].

Indeed, for short application periods, when justified by a specific risk scenario, e.g. during
wildfire smoke, the use of face mask in children can have positive effects [51].

The use of a mask as an infection control measure in a healthcare setting to reduce the
transmission of Mycobacterium tuberculosis also appears to be justifiable [64], even if masks are only
the third level of the infection prevention and control hierarchy [65].

Other scenarios like masking children for COVID-19 appear hypothetical and not proven by
empirical evidence [30].

4.3. Psychological and Sociological Effects

The literature shows clear adverse psychological and sociological mask effects for children
(supplement: Table S3). Children were often nudged to wear masks during the COVID-19 pandemic
[17]. Correspondingly in interview questions regarding mask-wearing, caregivers' perceptions of
masks seemed to influence children's attitudes [66]. There has been a clear association between
government mask mandates and mask usage among children during the pandemic [4]. Of course,
habituation effects, graduated exposure, prompts, and differential reinforcement, it was possible to
induce tolerance to mask-wearing, even in children with autism spectrum disorder for short periods
of time [67,68]. Among all children, these had particular problems with mask wearing [69]. Despite
some studies showing that large amounts of school children considered mask use to be useful [70,71],
a majority of parents did not view masking young children as an appropriate COVID-19 prevention
measure [72]. And children of all ages above 6 years say they were usually (80.9%) embarrassed by
the mask [73]. Among the most prominent words in the free-list of words associated with masking
belong also “can’t breathe”, “uncomfortable” and “unnecessary [71].

Some authors are emphasising human rights in addition to the isolated consideration of
epidemiological and physical safety issues in child mask mandates [11]. Even during the pandemic,
there were warnings to reconsider wearing masks for children [10].
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In retrospect, there is no doubt that mask-wearing, enforced by law, had detrimental
psychological and sociological consequences on all children around the world and not only in Europe
[74].

Indeed, masks are a barrier to communication and may negatively affect communication and
education [75]. They degrade the speech signal, serving as a low-pass filter by attenuating high
frequencies spoken by the wearer: the decibel level of attenuation ranges from 3 to 4 dB for surgical
masks and close to 12 dB for N95 masks [76].

Experiments prove that the face mask negatively affects pre-schoolers’ speech recognition in a
realistic classroom environment [77]. Also in 7-18-year old children, both normal and hearing
impaired, the combination of noise and face masks adversely affects children's ability to understand
speech [78]. In line with this, a speech reception measurements study found that speaking while
wearing a face mask with background noise leads to a distinct impairment of speech intelligibility
[79].

Masks can also obscure social cues provided through facial expressions.

According to a developmental psychology and socialization review, for perceptual skills, infants
progressively learn to interpret the eyes or gaze direction within the context of the entire facial
configuration [80]. This process aids in identity recognition and emotional expression discrimination.
In terms of socio-communicative skills, direct gaze and emotional facial expressions are vital for
engaging attention, while eye-gaze cuing is crucial for joint attention. Additionally, focusing on the
mouth is particularly important for speech learning [80]. Undoubtedly, masks are capable to hinder
this development by covering large parts of the face. In a randomized experimental study, the use of
face masks resulted in a significant decline in face perception abilities. The holistic processing, which
is a key aspect of face perception, was impaired for masked faces [81].

The most frequently reported short- and medium-term direct effects of mask-wearing during
the pandemic affecting the well-being, behaviour, and psychosocial development of children and
adolescents included reduced communication due to diminished auditory comprehension and facial
expression visibility [82]. These communication limitations impacted social interaction and the
quality of education. Additionally, there was an increase in psychosomatic complaints, anxiety,
depression, and eating disorders [82]. In a standardized verbal-response test study it could be shown,
that face masks’ use influenced emotion inference from faces for all ages and especially for toddlers
[83]. The conclusion was, that face masks may potentially affect the emotional understanding or
developing social and interaction skills in children, such as in education, especially for those suffering
from sensory or cognitive deficits.

However, according to some authors, face masks did not significantly impair basic language
processing ability [84,85], also in bilingual children [86], but they had a significant effect on the
children’s emotion recognition accuracy [84].

As masked angry faces are more easily recognized and masked happy and sad faces less easily
recognized [84], a distorted perception of emotions and a deprivation of positive influences during
the pandemic have been made possible. Experiments proved, that covering faces with masks was
associated with poorer recognition of emotions, particularly for happy, sad, and fearful expressions
compared to angry and neutral ones [87]. Matching these findings, a group of researchers found that
masks impair the recognition of sadness and happiness, also of anger, which was, however,
somewhat easier to recognise [88]. The longer the mask exposure lasted, the better the initially poorer
emotion recognition was [88]. In emotion categorization and emotion intensity rating tasks the
accuracy of emotion recognition in children was impaired for various facial expressions (disgust, fear,
happy, neutral, sad, and surprise faces), except for angry faces [89]. Interestingly, negative side effects
of mask-wearing on reading emotions were observed for more facial expressions in children than in
adults; transparent masks could help remedy these [89]. A researcher group found also that the
presence of a mask did affect the recognition of sad or fearful faces by children (no positive emotions
like happy faces, smiling, were evaluated), but did not influence significantly the perception of angry
and neutral faces [90]. These results are in line with the fact that cues in the mouth region of the face
seem crucial for the recognition of happiness [91-94], while cues in the eye region seem crucial for
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the recognition of anger [92,93,95,96]. For recognising sadness, the findings are less coherent, with
studies on adults finding the eye region to be essential [91,92,94], whereas for children the mouth
region may be more essential [93]. Recent studies examining the impact of face masks on adults’
emotion recognition in children have also consistently shown that anger is the least impaired emotion
by masks [97-99]. Fittingly, in an observational study, children were better able to identify emotions
in an unmasked adult and when the masked model explicitly stated or implied the emotion [100].

A systematic review finds out that children and their teachers experienced difficulties in
processing facial expressions due to mask-wearing. Also stress and anxiety, along with concentration
and learning challenges was associated with mask use [101]. Eighteen-month-old infants who were
exposed to masks on a daily basis since birth could fast-map new words and generalize these words
across people and objects of the same category when words were taught with or without a mask.
However, those infants could flexibly rely more on the eyes to achieve fast-mapping and word
generalization when the speaker was masked [102].

Interestingly, older students were more likely than younger students to report that wearing
masks hindered their ability to interact with peers and understand the teacher [103]. Some authors
state how face masks can affect school performance and complain, that the child cannot access visual
cues because the speaker's face is hidden, preventing lip reading [104]. Communication difficulties
associated with facemask use are evident and surgical masks affect speech perception compared to
other non-transparent mask types, also emotion recognition is less accurate when wearing facemasks
[105].

In an investigation of the acoustic and visual effects of face masks on speech intelligibility,
children made more mistakes and responded more slowly when listening to face mask speech
compared to speech produced without a face mask [106].

As a compensation, during COVID-19, teachers spoke more words per minute than those
observed before the pandemic, but their vocalizations included fewer unique phonemes [107].
Fittingly, during the pandemic, children exposed to a higher number of words per minute from
teachers produced more speech-related vocalizations themselves [107].

A randomised controlled trial found that wearing face masks has tendencies to a slightly worse
cognitive performance in the group of mask wearers [108]. However, the authors concluded, that
wearing face masks has no significant influence on attention and executive functions of pupils during
two school lessons [108]. This conclusion should be seen very critically, as the experimental trial was
performed without an appropriate control group and the time period for recovery without a mask
worn of 15 minutes appear too short from a physiological, toxicological or psychological point of
view. Additionally, the trial results were obtained within a relatively small time of evaluation (two
school lessons instead of an entire school day), in addition with inconsistent age groups [108].
Moreover, it has to be considered, that all included evaluated children were already chronically
adapted to mask wearing and experienced already chronic mask effects [109,110], due to the
pandemic which had been taking place for more than 2 years at the time of the trial, as well as due to
the two preceding school lessons with face masks on before the trial evaluations.

Many studies show detrimental mask effects, among others a very sophisticated evaluation of
cognitive performance of adult chess players wearing masks showing significant decreased quality
of players decisions [111], therefore the claim that masks have no effect on cognitive and school
performance appears not to be reliable. The single factor of higher CO2 exposure under masks of
1.41-3.7% [22,112] is likely to lead to cognitive impairment [22,113]. While the effects of short-term
exposure on cognitive performance start at 0.1% CO2 and manifest as reduced cognitive
performance, impaired decision-making and reduced speed of cognitive solutions, many other long-
term effects are known at concentrations above 0.5% [22,113-117]. Correspondingly numerous
studies examining diverse mask types in adults point to a reduced ability to think and concentrate
[118-126].

Taking into account the literature, an impairment of school lessons not only due to acoustic and
visual impairments as mentioned above, but also due to e.g. carbon dioxide breathing or oxygen
depletion while wearing a mask appears comprehensible (see Sections 4.5. and 4.8.4.).
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A systematic review reminds that children faced various challenges while using face masks,
besides the difficulty interpreting facial expressions, such as physical discomfort, also due to poor fit
and heat [127]. The main complaints about the facemasks in this regard were being too hot, too hard
to breathe through and difficult to adjust [128]. In a cluster randomized controlled trial the primary
problem associated with wearing a facemask cited by children was "heat/humidity" in 53%, followed
by "pain" and "shortness of breath" [54].

Additionally, the wearing of face masks by physicians results in higher anxiety levels in children
mirrored by higher mean heart rates [129]. Moreover, masks can muffle speech and cause medical
comprehension errors for both paediatric patients and physicians [130].

All in all, the masks had a negative effect on the perception of positive signals and at the same
time caused stress, learning and developmental disabilities in the children during the pandemic.

4.4. Physical Symptoms

The literature shows clear adverse clinical mask effects with physical symptoms and clinical
conditions for children (supplement: Table 54).

In a survey, 44.9% of children using face masks reported negative consequences:

Respiratory discomfort/breathing difficulty were found in 33.99% besides cutaneous adverse
effects up to 16.3 % (itch symptoms, rash, pressure effects and acne) [131].

The main symptoms of mask wearing reported in another survey were headache (49.0%),
speaking difficulties (45%), change in mood (45.2%) and breathing discomfort (28.1%) [73]. The
paediatricians reported fog on glasses (68.2%), breathing discomfort (53.1%), cutaneous disorders
(42.4%) and headaches (38.2%) [73].

Alike, 68% of children complained about impairments caused by wearing masks. Reported side
effects include irritability (60%), headaches (53%), difficulty concentrating (50%), reduced happiness
(49%), reluctance to attend school or kindergarten (44%), discomfort (42%), learning difficulties
(38%), and drowsiness/fatigue (37%) in a large registry [132].

About half of the children patients with psoriasis reported worsening of their symptoms, and
one third of the children reported difficulties due to wearing a mask [133].

Moreover, mask wearing in children might be responsible for an increased presentation of facial
pityriasis versicolor due to a humid environment and associated sweating [134].

Besides skin problems, there is the potential of the face masks causing ocular surface injuries,
especially in children. Corneal abrasions while wearing adult face masks in children have been
reported due to increasingly higher chances of direct trauma to the eyes as these masks are loose and
the hard ends of the upper margin are raised to eye level [135].

Regarding the ear, the elastic loops cause constant pressure on the skin and on the cartilage of
the auricle, which leads to lesions in the retro-auricular region if the masks are worn for many hours
a day. Pre-adolescent children have undeveloped auricular cartilage with less resistance to
deformation; prolonged pressure from the elastic loops of the mask at the hollow or, even worse, at
the anthelix level can influence the correct growth and angulation of the outer ear [136]. Typical ear
injuries or pressure injuries on the ear have been additionally mentioned in the literature regarding
prolonged mask usage [137].

Jefferson et al already stated in their Cochrane systematic review, that harms associated with
mask use are under-investigated [21].

Altogether, further research and analysis of the physical stress and damage caused by the
pandemic measures, including masks on children, is of urgent necessity.

Undisputedly, the documented symptoms while wearing a mask by children (Figure 2)
contradict the WHO definition of health [138].
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Frequency of symptoms in children wearing masks as determined in scientific studies

schwarz 2021 | N, 68 %  general impairments
serwarz 2022 N GO % irritability
schwarz 2021 [ 53 % headaches
assathiany 2021 [N 53 %  breathing discomfort
oz 202 | 50 U difficulty concentrating
geytout 2021 [N 50 % worsening of pre-existing psoriasis
servarz 2022 | 49 % reduced happiness
ssaiany 202 | 45 % change in mood
assathiany 2021 [ 45 %, speaking difficulties
ratchatavech 2022 ([N 45 % overall negative consequences
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Figure 2. Frequency of selected symptoms in children wearing masks as determined in scientific
studies (in per cent). Results from cross sectional-, online registry- and survey studies from the years
2021-2022 showing a very high number of adverse effects of face masks.

4.5. Physio-Metabolic and Toxicological Effects

The literature shows clear disturbing physio-metabolic and toxicological mask effects on
children (supplement: Table S5). A narrative review states that face masks increase breathing
difficulties and carbon dioxide in children [36]. In some children, anxiety and hyperventilation
mimicking asthma while wearing a mask was observed [139]. Roberge already stated in his 2011
review, that mask use (surgical, N95-respirators) by children has some safety issues including proper
use, fit problems and a lack of tolerance [35]. Due to higher breathing resistance, dead space volume
and elevated inspiratory CO2 levels he called for further research to address such face mask issues
[35].

A communication at the beginning of the pandemic describes, that several students without
documented cardiac issues experienced sudden death when they were running in physical training
classes with surgical masks or N95 masks in China [140]. The authors argued, that although a rarity,
this risk could be higher especially in children with existing cardiac co-morbidities [140].

Contrary, some newer studies with a very short mask evaluation time, e.g. one minute, did not
find significant physiological changes while wearing a mask [141].

Six minutes evaluations of surgical facemasks in children with exercise-induced symptoms (EIS)
during sub-maximal treadmill exercise testing did not show evidence of acute gas exchange
restrictions with pathological fall in oxygen saturation SpO2 and pathological rise in carbon dioxide
tension [142].

During another short evaluation of 6 minutes, the use of masks did not impact SpO2 levels in
children with or without asthma, whether at rest or during low-to-moderate intensity exercise [143].

The short and unrepresentative observation periods are noteworthy, so the transferability of the
results to everyday situations remains questionable.
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It is also questionable, whether the 12-minute results from a prospective randomised cross-over
study of boys from a top-tier professional football club can be used to conclude that masks are safe
for all children in the general population including girls [144]. However, in the maximum load range
the authors of this paper found a significant reduction in the total running time and a significant
increased subjective stress perception due to changed breathing pattern and increased airway
resistance [144].

One needs to remain sceptical regarding the ecological validity of many such studies with very
short examination times of the masks [141-145]. Although many authors of such studies conclude
that mask use is harmless to children, some of their results indicate potential clinical consequences.
For example, the perceived exertion and breathing effort was higher with the mask [141] and the
performance decreased, while stress levels increased [144].

In an observational study on healthy children aged 8-10 years, during 10 test minutes the end-
tidal values for CO2 increased significantly and the end-tidal values for O2 decreased significantly.
However, since levels of hypercapnia or hypoxia were not reached in their experiments, the authors’
conclusion was that physical exercise lessons with masks on should be recommended due to the
minor physiological effects of wearing masks [145].

But, as far as the phenomena of transient hypoxia and transient hypercarbia are concerned, these
do not need to exceed the standard values to be clinically relevant [22,24,29], see Section 4.8.4, oxygen
drop and carbon dioxide rise.

The breath isoprene concentrations significantly decreased throughout mask wearing
experiments by Sukul et al [29]. Sukul et al recently revealed the origin of breath isoprene in humans
via multi-omic investigations. Isoprene is derived from human muscular lipolytic cholesterol
metabolism [146]. Thus, the decrease in breath isoprene during mask wearing is due to sympathetic
vasoconstriction (deoxygenation- and hypercarbidaemia induced) in muscle compartments [29]. This
bad compensation during mask wearing triggered by the phenomena of transient hypoxia and
transient hypercarbia apparently causes a shift of the blood stream towards vital organs such as the
brain at the expense of the gut and skeletal muscles, which are thus disadvantaged. Undoubtedly,
there is a need for research into further consequences.

In children, besides impaired breathing and gas exchange there is a measurable significant effect
on the cardiovascular system. Despite no significant changes in the heart rate or oxygen saturation
(5p0O2), during 10 minutes, surgical mask wearing caused a significant rise in tricuspid regurgitation,
pulmonary regurgitation and pulmonary artery systolic pressure in 110 children [147].

On the one hand, a research group found that wearing surgical face masks for 30 minutes was
not associated with changes in respiratory parameters or clinical signs of respiratory distress [148].
But on the other, the same group found significant increases in respiratory rate and partial pressure
of end-tidal carbon dioxide (PETCO?2) in children wearing a N95 mask [149]. And in yet another
experiment, significant decreases in oxygenation after 30 minutes and during the 12 minutes walking
test were found [150]. These results show, that the use of a typical N95 mask causes a significant
blood oxygen saturation drop [150] and a significant carbon dioxide rise in children, particularly
during physical activity [149]. The same research group found, that there was a significant correlation
between carbon dioxide rise (PETCO2) and body mass index [151]. Overweight or obese children
who wear a mask are more prone to developing respiratory distress, which causes them to remove it
frequently [151].

In a short evaluation time of 15 minutes the wearing of surgical masks results in a statistically
significant rise in inspired CO2 and a smaller rise in end-tidal CO2 (ETCO2) [152].

Wearing a mask for 15 minutes increased the ETCO2 when at rest and with brisk walking in
children [153]. Seven percent of the children in that study indicated that they experienced mild
breathing difficulty [153].

Ten minutes wearing a FFP2 or surgical mask showed a significant increase in inspiratory and
expiratory CO2 values [154].
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Not only surgical and N95 masks, but also two-layered cotton tissue face masks showed
physiological effects with increased pulse rate and reduced arterial blood oxygen saturation already
within 5 minutes of wearing [155].

In an observational pilot study by Martellucci et al., after only 5 minutes of wearing a mask, the
mean CO2 detected inside the mask breathing zone in children was significantly elevated, being 7091
ppm (0.7% CO2) in a surgical mask, and 13665 ppm (1.37% CO2) in FFP2 respirators [25]. The CO2
concentration was significantly higher among children compared to adults and also in the subjects
with high respiratory rates. The occupational exposure limit threshold of 5000 ppm (0.5% CO2) was
largely exceeded in children wearing surgical masks and in all age classes when wearing FFP2
respirators [25].

Fittingly, in another experimental study by Walach et al. nine minutes mask wearing by children
significantly resulted in 13100 ppm (1.3%) carbon dioxide (CO2) in the inhaled air under surgical
masks and 13900 ppm (1.39% CO2) under FFP2 masks in inhaled air which is by a factor 6 higher
than the “inacceptable” 2000 ppm air limit by the German Federal Environmental Office [26]. The
authors of the study stated, that decision makers and law courts should take this into consideration
when establishing rules and guidance to fight infections.

CO: concentration of breathing air when children wear a mask
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Figure 3. Bar charts showing the excess carbon dioxide in the breathing air when children wear masks
(mean/median values). The ambient air (no mask) is given as the average value of both studies.
Among those included, the scientific studies used here are the only ones that have reliably measured
the COz content in the breathing zone of the face mask. The exceeding of the limit values is a cause of

concern.

According to a review of 43 studies, in the inhaled air from masks carbon dioxide rises above
the US-NIOSH threshold limit norms shortly after donning (30 minutes) [22]. Also, toxic CO2-levels
in breathing air may be exceeded while wearing masks, which can lead to neurotoxicity and
reproductive toxicity referring to animal studies [22]. This statistically significant CO2 rise, can be
particularly toxic for children, adolescents and early life [22].
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In addition to the physio-metabolic problems discussed, there are other chemical-toxicological
risks associated with children wearing masks.

It is possible for hazardous substances contained to migrate from the masks to the saliva. In an
experimental study of the contaminants from printed and unprinted children's masks to saliva,
thirteen volatile compounds including toluene, chlorobenzene, irganox 1076 and 2-(2-
butoxyethoxy)ethyl acetate were found to migrate to saliva [156].

Due to a review of 24 studies, masks are also a source of potentially harmful inhalation
exposition to toxins with health threatening and carcinogenic properties at population level with
almost zero distance to the airways and predominant oral breathing while wearing a mask [23]. Mask
content and release show exceedances of USEPA,- WHO-, EU-Air Quality and Oeko-Tex® Standard
100 limits for micro- and nanoplastics (MP, NP), organic toxins and anorganic toxins. Phthalates
showed a 43-fold exceedance of the carcinogenic risk value in children masks. Volatile Organic
Compounds had a 25-fold exceedance of the carcinogenic risk value in children masks [23]. For
further details see Figure 4. These findings are confirmed by additional studies [157].
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Figure 4. Graphical summary of numerous studies showing that the mask content/release exceeds the
prescribed limits for various toxins by a factor of up to a thousand times. Logarithmic scale of the Y-
axis due to the large differences in limit value exceedances. Red X-axis as limit value threshold
comparison of the exceedance of microplastic, anorganic and organic toxins broken down by toxin
class and using the threshold limits of WHO Air Quality Guideline (AQG), EU target guideline,
German Federal Environmental Agency, the Oeko-Tex Standard 100, and the U.S. Environmental
Protection Agency (US EPA) levels. Data and limit thresholds taken from tables from a recent review
[23].
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Altogether, it appears obvious, that the physiological primary mask studies in children having
short experiment/evaluation times, which are most often restricted to few minutes wearing time with
a median of 10 minutes, are not able to explore adverse effects in longer exposition periods. Some
studies have small experimental groups and partially selected parts of the population and no
appropriate control groups. Therefore, conclusions that masks generally are physiologically and
clinically safe for children are not tenable, as these statements are not generalisable and also have no
ecological validity.

On the other hand, the toxicological mask effects with regard to CO2 breathing (Figure 3),
organic and inorganic toxins, including carcinogenic compounds and elements (Figure 4), are
undisputed [22,23].

4.6. Empirically/Experimentally Unproven Claims

During the first and second year of the SARS-CoV-2 pandemic some scientifically and
empirically non-proven statements were made regarding face masks use in children to mitigate the
risk of transmission (supplement: Table S6), although there was no clear scientific and empirical
evidence for such an antiviral (virus protective) effect [158,159].

For example, in an opinion paper published in 2020, cloth masks, surgical and N95 masks were
recommended for children older than 2 years of age [7]. The authors suggested using parents and
schools to enforce the demand [7].

A statement by the Italian Paediatric Society in 2020 promoted the use of masks among the
paediatric population, stating that they are effective and explaining the importance of their proper
use [160]. As proof for this claim two papers were cited, one meta-analysis study commissioned by
the WHO (evidence level Ia), with no clear, scientifically graspable benefit of moderate or strong
evidence from wearing mask against virus transmission [161], and one breath sample collection with
surgical mask under an artificial laboratory condition and very short mask wearing time, which is
not representative for longer mask wearing and comparable to real-life conditions [162].

A narrative review in 2021 claimed that the use of masks is not associated with changes in
respiratory function or gas exchange abnormalities [163]. According to the authors masks would also
offer protection against other various respiratory viruses like Influenza or Rhinovirus [163].
However, no higher quality empirical evidence has been presented to support these claims.

A statement by the German Society for Paediatric Infectiology (DGPI) claimed in 2021 that masks
are an important measure of restricting the spread of SARS-CoV-2 and despite being cumbersome
and inconvenient, in children relevant adverse effects had not been reported and are not to be
expected [164].

A statement by the Association of Schools of Public Health in the European Region (ASPHER)
and the European Academy of Paediatrics (EAP) claimed in 2021 that masks can offer the same level
of protection against COVID-19 for children as they do for adults [165].

Sponsored by the United States National Institutes of Health and the Cystic Fibrosis Foundation
an opinion paper claimed, that the usage of masks is critical for limiting the aerosol spread of SARS-
CoV-2 [166]. As with all other statements, there is no experimental data with ecological validity to
support this assertion, only hypotheses from aerosol science, and the theory of transmission via
droplets and aerosols [166].

Overall, these premature assessments at the beginning of the pandemic appear to be less
scientifically based and more politically motivated and in parts fuelled by conflicts of interest as often
happened in the context of mass hysteria during the COVID-19 pandemic [167].

4.7. Bacterial, Fungal and Viral Contamination

Regarding face mask contamination in children no citable literature was found in our search.
However, grey literature exists with case reports of laboratory proven face mask contamination in
children [168]. Omitting the contamination topic would be neglecting an important aspect and would
also contradict a holistic view. Therefore, we discuss this item with existing literature regarding
adults.
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Both our own experimental studies [169,170] and the published literature show that masks
enrich/host numerous microorganisms, including pathogens [170-185].

The microbial contamination of mask surfaces is up to several hundred times higher than the
limit value of the German standard for ventilation system surfaces VDI 6022 [170,186]. Contamination
increases with longer exposure times [169,172-177,179,184,187] and is demonstrably higher for
N95/FFP2 masks than for surgical masks [185].

The literature proves contamination and colonisation of the masks by bacterial and fungal
opportunists of the genera Acinetobacter, Aspergillus, Alternaria, Bacillus, Cadosporium, Candida,
Escherichia, Enterobacter, Enterococcus, Klebsiella (including K. pneumoniae), Micrococcus, Microsporum,
Mucor, Pseudomonas, Staphylococcus and Streptococcus.

The number of bacteria increases linearly with the length of time the masks are worn [170,173],
and prolonged wearing can also have a consequent effect on the microbiome, the natural bacterial
colonization, of the skin and respiratory tract which in turn can lead to eye, skin, oral and respiratory
diseases [169,170,173,174,184,188-191]. These microorganisms trapped in the meshwork of the mask
can then be inhaled, causing infections of the respiratory tract [192,193] or, if they are distributed via
air streams [194-201], even infections of the eye [199,202-206]. In addition, the microbiome of the skin
is disrupted, which can lead to or promote other infections and allergic diseases [174,177,191,207,208].
Finally, the microorganisms accumulated in the mask can be distributed through leakage
[195,200,201], additionally enhanced by the nebulizer effect of the mask [22,24,197,209,210].

One of the causes for concern is that there is hardly any surface, any material, not even the bare
skin, which ensures the viruses such a survival probability and long-term maintenance of infectivity
as the polypropylene meshwork of the masks, in which SARS-CoV-2 viruses accumulate and remain
infectious for up to 2 weeks, even when dried [211,212].

4.8. Risk Benefit Analysis and Risk-Assessment

As the risk of wearing a mask for children must be lower than not wearing one, a preliminary,
also toxicological risk assessment must be ensured, using a worst-case consideration which is
necessary in this kind of protective approach [213].

In 2020, the WHO and UNICEF have jointly advocated the “do no harm” principle with regard
to the use of masks for children, with prioritisation of the best interest, health and wellbeing of the
child [214].

In the meantime, many new facts have emerged and from a physicians” perspective, the use of
masks must be appropriately assessed in accordance with the Hippocratic oath and the principle of
‘primum nihil nocere’ (first do no harm). It must be avoided at all costs that the damage caused by
the preventive measure becomes greater than that caused by the disease itself. To protect the health
of their patients, doctors should also base their actions on the guiding principles of the Geneva
Declaration of 1948 as revised in 2017. According to this, every doctor undertakes to put the health
and dignity of his patient's health first and, even under threat (or under political pressure), not to use
their medical knowledge to violate human and civil rights [215].

It has been stated, that children’s human rights under the UN convention on the rights of the
child and other treaties require decision makers to tread particularly carefully when deciding
whether to mandate mask-wearing for children or not [11], as in fact, children have been enduring
the most disproportionate disruption to their lives in their most formative years during the pandemic
[10].

When comparing countries with rigid measures including face mask mandates like the UK to
others with weaker measures, like Sweden, harms for children due to the COVID-19 policies become
obvious. The authors of a corresponding review found a drop in educational attainment in countries
with rigid measures including face mask mandates [216]. Indeed, among many other risks and
adverse effects masks impede learning, especially for children [22,26,74,75,80,82,101,132,217,218].
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4.8.1. Unproven Effectiveness of Masks in Children against Viruses

At the beginning of the pandemic there was sparse data regarding the effectiveness of measures
implemented in the school setting to contain the COVID-19 pandemic especially regarding masks
[219]. However, even after the pandemic the data appears not convincing [10,15,20,30,41,44,46,48—
50], see also Section 4.1. and supplement (Table S1) for further information. And a post-pandemic
systematic review, which evaluates the body of literature on mask wearing exclusively in children to
assess the existing evidence regarding protection offered by face masks against SARS-CoV-2 infection
or transmission states, that the body of scientific data does not support masking children for
protection against COVID-19 [19].

Additionally, one has to consider, that there is no proven SARS-CoV-2-transmission by
symptomless individuals [28,220,221].

Therefore, the requirement to wear masks, which is based on the argument of asymptomatic
spread, remains dubious at best for healthy children.

Respiratory disease experts have already discussed the insufficient evidence in favour of
widespread use of masks against viruses in detail [28]. The mask theme for children was also
evaluated by experts [30].

In a recent study in the general population, it was even found that wearing masks is associated
with an increased risk of COVID-19 infection albeit with several possible confounding factors [222].
This corresponds with earlier findings of other authors, who found significantly higher SARS-CoV-2
infection and mortality rates in the mask-wearing cohorts [193,223].

Indeed, some studies, including modelling and in vitro laboratory simulation studies (artificial
conditions) aim to demonstrate lower virus transmission when using masks [224-226]. However,
they evince several methodological weaknesses [30] and lack ecological validity (generalisability of
the test results to the real world, e.g. to situations or environments typical of everyday life). In real-
world scenarios, there are many problems with application errors/material deficiencies that reduce
the modelled or assumed effectiveness of protective masks [195,200,227]. Specifically, those problems
of the studies aimed at proving the effectiveness of masks against viruses have been discussed in
detail [15,22,28,30].

In addition, the correct use of the masks in order to fulfil the desired protection purposes in the
general population and in children is not viable, in particular due to the many possible application
errors [22,24,170,228,229]. Correspondingly, in children, the correct wearing rate of masks was only
31.9% without a supervisor in one study [46]. In another observational study, only 24.5% children
used the mask appropriately [47]. This is mirrored by surveys of parents [72]. Parents often applied
masks in children because it was mandatory (93.4%) even if they disagreed with it (63.3%) [73].
Interestingly, teachers report a higher percentage of proper use of the mask by their students than in
other surveys, such as those mentioned above [230].

Even when masks are donned/used correctly in higher percentages, face or mask touching
behaviour was observed in 10.7% and 13.7% of individuals, respectively [231].

A significant risk of mask use in the general population and also among elder children is the
creation of a false sense of security with regard to protection against viral infections, especially in the
sense of a falsely assumed, strong self-protection [21,24,158,229,232-234].

This results in distorted prioritisation in the general population and in elder children,
counteracting the recommended measures in connection with the COVID-19 pandemic: The WHO
prioritises social distancing and hand hygiene with medium evidence and recommends the wearing
of face masks with weak evidence, particularly in situations where individuals are unable to maintain
a physical distance of at least 1 metre [161].

Masks cannot be effective against COVID for these two reasons: the viruses on plastic-
polypropylene meshwork of the masks can stay infectious for days up to two weeks [211,212] and
children are unable to follow the guidelines for wearing them appropriately [8,22,46,47,228,229].


https://doi.org/10.20944/preprints202409.1508.v1

Preprints.org (www.preprints.org) | NOT PEER-REVIEWED | Posted: 19 September 2024

20

4.8.2. Lack of Mask Standardisation (Virus Filtration)

From a standardisation perspective, the filtration efficacy of masks for viruses remains
hypothetical and does not comply with established standards. For medical masks, there have been
national and international standards only for bacterial filtration efficiency (BFE), e.g. the EU-EN
14683 or the USA-ASTM F2101. They are the prerequisite for general authorisation. However, since
2020 (i.e. for almost five years) there has been no comparable standard/testing of masks for viruses.

Accordingly, in an important evaluation on human subjects with NaCl aerosol, which
represented the size range of bacterial and viral particles, the overall filtration performance
(protection factor) of surgical and FFP2/N95 masks for larger, bacteria-sized particles (0.5 to 5.0 pm
diameter) was better than for smaller ones [235]. Interestingly, most of the FFP2/N95 respirators and
surgical masks tested performed worst with particles between 0.04 and 0.2 pm in diameter, which
corresponds to the size of coronaviruses and influenza viruses [235].

In view of the fact that medical masks (surgical masks and FFP2/N95 masks) increase the
exhalation of particles in the smallest size range of 0.3 - 0.5 um and therefore shift the geometric mean
diameter to smaller sizes (longer in the air) than would be the case without a mask [22,24,170,209],
this raises major doubts concerning filtration effects of masks. These scientific facts point to the
nebulisation effect of masks, which is an additional reason for their weakness against virus
transmission in general. Ultimately diverse microorganisms (viruses, bacteria, fungi) can be
transmitted through leakage [195,200,201,236,237] and the nebulising effect of the masks
[22,24,197,209,210].

Moreover, there is hardly any surface, any material, not even the bare skin that ensures viruses
such a high survival rate and long-term preservation of infectivity as the plastic-polypropylene
meshwork of the masks, in which SARS-CoV-2 viruses can accumulate and remain infectious for up
to 2 weeks, even after drying of the masks [211,212].

4.8.3. Negligible Infectivity and COVID-19 Course in Children

There is currently no evidence of COVID-19 transmission through child-to-child interaction or
via schools: Children are less infectious than adults, in addition, children appear less susceptible to
infection when exposed to SARS-CoV-2 [238].

If infected, most of the young individuals were either asymptomatic or showed mild symptoms,
resulting in fewer hospitalizations [239].

One also has to consider, that the negligible, very low mortality rate for children is 0.0003% (3 in
1 million), when infected with SARS-CoV-2 [240]. But the psychological and physiological burden
that comes with mask obligations impacts health in young individuals with more probable wide-
ranging and numerous negative effects with much higher percentages than the risks of not wearing
a mask.

4.8.4. Scientifically Proven Adverse Mask Effects and MIES

Clinical Symptoms

In a survey in 25,930 children it was found that 68% of children complain about impairments
caused by wearing masks. Reported side effects include irritability (60%), headaches (53%), difficulty
concentrating (50%), reduced happiness (49%), reluctance to attend school or kindergarten (44%),
discomfort (42%), learning difficulties (38%), drowsiness and fatigue (37%) [132].

Other authors found breathing discomfort in 53.1%, headache in 49%, speaking difficulties in
45%, change in mood in 45.2%, cutaneous disorders in 42.4% and fog on glasses in 68.2% [73].

In one survey in 706 children, 44.9% showed negative consequences from wearing facemasks
with respiratory discomfort/breathing difficulty in 33.9% besides cutaneous adverse effects in up to
16.3%, including itching symptoms, rash, pressure effects, and acne [131]. However, studies with
focus on perceptions of the usefulness of masks in schools report lower side effects of mask use of
approximately 20% (Amman et al. 2022).
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Altogether, clinical symptoms, while wearing a face mask are undisputable. For more details see
Section 4.4. and Figure 2.

Restriction of Normal Breathing

According to the literature, masks restrict normal breathing and interfere with O2-uptake and
CO2-release.

On one hand this is due to an increase in breathing resistance when wearing a mask
[119,120,235,241-248] which can be up to twice the normal value in adults [242], well more
pronounced in children.

On the other hand, there is the problem with the dead space while wearing a mask. Masks extend
the natural dead space (nose, throat, trachea, bronchial tubes) to the outside, beyond the mouth and
nose, up to a doubling in size [25,35,112,152,249-256].

Due to an increased dead space volume, masks can cause increased rebreathing of exhaled gas
with an accumulation of carbon dioxide in the wearer [112,246,257-263]. Additionally, the resulting
increased pendulum breathing volume with a mask goes hand in hand with a relative reduction in
the volume of gas exchange available to the lungs per breathtake up to 37 % in adults [242], well more
pronounced in children.

The mask thus clearly acts as a disruptive factor in breathing [24,241,242,244,264].

Undoubtedly, masks compromise respiratory compensation in the wearer with reduced
ventilation and tidal volume [241,244,264]. Though evaluated wearing durations were shorter than
daily/prolonged use in studies [241,244,264], outcomes independently validate down-stream physio-
metabolic dysfunctions. Meta-analytical analyses of primary studies show that masks reduce the
respiratory minute volume in adults by an average of 19%, with N95 masks (FFP2) even by 24 %
[241,244,264], which will surely be more pronounced in children.

Indeed, a lot of studies report breathing difficulties in children due to mask wearing [36,54,70—
73,128,131,139,141,153].

Carbon Dioxide Rise

Numerous scientific studies describe in detail the causality of mask wearing and CO2
enrichment/re-breathing [25,26,29,120,122,123,149,151-153,241,244,246,248-251,254,257-260,264—
283]. A significant increase in carbon dioxide in the mask breathing zone has been scientifically
proven in many studies [22,25,26,112,249,259,265,266]. A recent paper on the topic depicts a massive
increase of up to 80 times the normal value of carbon dioxide in the breathing air while wearing a
mask [22].

Fresh air has a CO2 content of approximately 0.04% (400 ppm), but in reliable human
experiments masks show a possible chronic exposure to a content of 1.41-3.2% CO2 in the inhaled air,
and even 2.8-3.7% carbon dioxide within the FFP2/N95 mask [112,246,257,259,260,262]. Thus, wearing
masks has the potential to exceed the acute and chronic safety limits for CO2 concentration in the
breathing air [22]. In the inhaled air from masks carbon dioxide can rise above the NIOSH 15 minute
limit (3% CO2) and above the NIOSH 8 hour limit (0.5% CO2) already shortly after donning (30
minutes) [22].

These exceedances of CO2-levels in breathing air could also be proven by reliable measurements
in children while wearing masks [25,26].

Martellucci et al. could show, that the occupational exposure limit of 5000 ppm threshold (0,5%
CO2) was largely exceeded in children wearing surgical masks or FFP2/N95 respirators for 5 minutes
[25].

According to the experiments of Walach et al. the carbon dioxide rise in inhaled air under masks
(surgical 1.31% CO2 and FFP2 1.39% CQO2) in children was far beyond the level of 2,000 ppm (0.2%
CO2), considering the limit of acceptability and drastically beyond the 1,000 ppm (0.1% CO2) that are
normal for air in closed rooms [26].


https://doi.org/10.20944/preprints202409.1508.v1

Preprints.org (www.preprints.org) | NOT PEER-REVIEWED | Posted: 19 September 2024

22

Alarmingly, referring to these measurements, not only the NIOSH limits, but even the toxic CO2
breathing-air limits for early life gained from animal studies [22] are exceeded. Experimental animal
data show demonstrably harmful long-term effects of elevated CO2 in breathing air at threshold
levels above 0.3% (3,000 ppm), 0.5% (5,000 ppm) and 0.8% (8,000 ppm) [22]. Already 0.3% CO2 in
breathing air can be responsible for destruction of nerve cells, impairment of memory and learning
ability, increased anxiety in early life [284,285]. Carbon dioxide levels of 0.5% in breathing air are
capable of a destruction of cells in the testicles in adolescents [286]. Breathing of 0.8% CO2 by
pregnants may cause stillbirths and birth defects [287-289].

A statistically significant CO2 rise in children while wearing a mask could also be shown by
other authors in their studies despite only short wearing times of predominantly 10 to 15 minutes
[145,149,151-154], which is far lower than the average school time of 6 hours. However, due to the
lack of a toxicological approach those studies failed to draw appropriate conclusions regarding the
possible harmfulness of mask wearing for children [145,149,151-154]. Due to the absence of
hypercarbidaemia, an all-clear signal was falsely given, but without considering the breathing air
concentration. From a toxicological and medical point of view it makes little sense to consider only
standard values in the blood (e.g. hypercarbia), which only occur when compensation mechanisms
fail, because the toxicity of CO2 does not depend exclusively on the blood concentration but primarily
and rather on the concentration in the air which is breathed [22]. Otherwise, standards such as the
NIOSH would be pointless.

The studies of Walach et al. [26] and Martellucci et al.[25] should be regarded as a clear warning
as far as this is concerned (Figure 3).

Allin all, despite compensatory metabolic and equalization mechanisms, the rebreathing of CO2
from the dead space of the masks is also noticeable in the blood of the wearer, even if only
subliminally [22].

CO2 inhalation in low concentrations has several clinically significant short-term effects on
human health, despite the fact that blood levels do not exceed the limit values:

Physiological changes already occur at concentration levels of 0.05 % to 0.5 % for CO2 in the air,
which are expressed in an increased heart rate, increased blood pressure and an overall increased
circulation with the symptoms of headaches, fatigue, difficulty concentrating, dizziness, rhinitis and
dry cough [113].

While the effects of short-term exposure on cognitive performance begin at 0.1% CO2 levels in
the air we breathe and result in reduced mental performance, impaired decision-making and reduced
speed of cognitive reasoning, many other long-term effects are known at carbon dioxide
concentrations above 0.5% breath content:

If the limit value of 1% CO2 in the air breathed is exceeded, the harmful effects include
respiratory acidosis/metabolic stress, increased blood flow and overall reduced exercise tolerance
[113]. These clinical consequences occur without blood CO2 threshold exceedances, but they are
related to the CO2 content in the air we breathe.

There is also a confirmed immune system-inhibiting effect of increased CO2 respiration,
mediated by a change in gene expression/nuclear metabolism [290].

Blood carbon dioxide concentration exerts an important influence on intra- and extracellular pH.
CO2 (which is a fat-soluble small molecular gas with a strong diffusion capacity and can cross the
blood-brain barrier) quickly passes through the cell membranes to form carbonic acid with H20

inside of the cell, releasing H* ions and, when in excess, causes acidosis [291-293]. One of the

consequences of acidosis is a decrease in transmembrane Ca2* conductivity and as a result a decline
in the excitability of cells [294,295]. In neurons, calcium overload causes excitotoxicity and apoptosis
during hypoxia [296].

Furthermore, carbon dioxide is also known to play a role in oxidative stress caused by reactive
oxygen species (ROS) [297] and an oxidative damage to cellular DNA can trigger mutations in many
cells [297,298].
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Moreover, an inflammatory process, which can lead to serious illness is known to be caused by
low-level CO2 exposure in humans and animals [298-302]. This is because increases of CO2 result in
higher levels of pro-inflammatory Interleukin-1{3 (IL-1{3), a protein involved in regulating immune
responses causing inflammation and vascular damage [300]. Significant upregulation of IL-13 may
be associated with an imbalanced immune system and a procoagulant state in the body.

To counteract respiratory acidosis while wearing face masks the kidneys retain bicarbonate to
normalize the pH of the blood. With ongoing increase of the CO2 burden, the body starts using its'

bones to regulate the acid levels in the blood. Bicarbonate and a positive ion (Ca2*, K*, Na‘) are

exchanged for H* [303].

The Carbonic Anhydrase (CA) enzyme [304] participates in metabolic reactions that convert CO2
and result in the precipitation of calcium carbonate [305-307]. CA is involved in the calcification of
human tissues including bone and soft-tissue calcification [305]. Carbon dioxide conversion by the
CA enzyme provides bicarbonate and hydrogen ions that fuel the uptake of ionised calcium, which
is then deposited in the body tissues as calcium carbonate. Increased CO2 in the blood caused by
breathing elevated levels of the gas could lower the pH enough to increase the activity of CA, thereby
potentially increasing calcium carbonate deposits [306], also while wearing a mask for longer periods
of time [22]. Significant tissue calcification has been observed in animals after a 2-week exposure to
1% CO2 or an 8-week exposure to 0.5% CO2 with only slight reductions in pH [308]. This could also
occur, if a face mask is worn for a prolonged period, through CA activity at sites where tissues are in
contact with the plasma, e.g. arteries and kidneys.

There is a particular need for research on increased CO2 breathing when wearing a mask, as this
phenomenon appears to be clinically relevant with pathological CO2 concentrations in the air
breathed, even when these concentrations are not found to be elevated in standard blood test results
for carbon dioxide.

Oxygen Drop

Some scientists found a significant oxygen drop in children wearing masks [142,150,155], despite
other authors finding no changes in a few children studies with predominantly very short mask
wearing times (1-12 min) [25,26,68,141,143-145,147,154] and no significant SpO2 changes in slightly
longer mask wearing times (42 minutes) in relatively small experimental children groups (22-47)
[148,149,151]. This is hinting at an oxygen drop belonging to the cornerstones of the so-called mask
induced exhaustion syndrome (MIES, see referring section below) also in children.

And different types of masks are capable of causing this. Lubrano et al. found a significant
decrease in oxygenation after 30 minutes and during 12 minutes walking test with N95 masks in
children [150].

Castro et al. found increased pulse rate and reduced arterial blood oxygen saturation SpO2 in
children wearing cotton face masks [155].

Mallet et al. could evidence in children wearing surgical masks for 6 minutes the lowest SpO2
recorded at 93%, while the highest carbon dioxide tension measured was 5.67 kPa [142].

A lot of scientific papers describe the causality of mask wearing and measured O2 drop in adults
in detail [29,118,120,121,123,125,244,246,249,254,264,267,269,270,272,273,275,281,309-330].

On the one hand, this is due to the lower oxygen content in the mask dead space [112,249,259],
but also due to the reduced respiratory minute volume under mask wearing [241,244,264] with a
relative reduction in the gas exchange volume available to the lungs per breathtake [242]. The fact
that adult mask wearers have significantly lower oxygen saturation values (SpO2 %) at rest as well
as during exercise can also be explained by the increased dead space volume discussed above and by
an increased breathing resistance [24]. In some experiments, the measured oxygen saturation values
in the adult mask wearer group fell significantly below the normal limit [29,259,316,318,323], which
clearly demonstrates a clinical relevance of this phenomenon.

However, subthreshold decreases in oxygen saturation when wearing a mask also show
clinically relevant effects. For example, the resulting drop in oxygen (O2) saturation of the blood on
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the one hand, and the increase in carbon dioxide (CO2) on the other, contribute to an increased
vegetative noradrenergic stress response [331,332].

Depending on the duration of wearing a mask, a progressive decrease in blood oxygen (S5pO2)
in adults is observed [29,120,259,270,272,274,312,315,319,322,324,333,334]. This decrease in the SpO2
level confirms the reported progression of oxidative stress (measured by significantly increased
aldehydes in exhaled air, which originate from lipid peroxidation) by Sukul et al. [29]. In addition,
the isoprene concentration in the breathing air decreased significantly during mask wearing [29].
However, the origin of isoprene in human breath is lipolytic cholesterol metabolism in muscles [146].
Therefore, the decrease in isoprene in breath while wearing the mask is due to sympathetic
vasoconstriction in the muscle compartments caused by deoxygenation and hypercarbidaemia [29].

Some studies have shown that oxidative stress (under hypoxic conditions) can inhibit the cell-
mediated immune response (e.g. T-lymphocytes, TCR-CD4 complex, etc.) in the fight against viral
infections, which can gradually lead to a general suppression of the immune system [335,336]. The
mechanism responsible for this is the following: arterial hypoxaemia increases the level of hypoxia-
inducible factor-1a (HIF-1at), which further inhibits T cells and stimulates regulatory T cells [336].
This HIF-1a modulating effect has already been shown for masks [278].

Mask-related unfavourable reductions in immune blood cells, including defence cells, have also
been observed and described [337]. This may favour the conditions for infections, including SARS-
CoV-2, and also exacerbate the consequences of this infection. In essence, due to the molecular
mechanisms they trigger, in the long term, masks can even expose the wearer to an increased risk of
infection and its' severity —in contrast to the initially intended effect [335,336,338].

The transient hypoxia topic therefore requires further research in children. Also with regard to
the increased vegetative noradrenergic stress response when wearing a mask for a longer period of
time.

Microbial Contamination

Particularly for children, who often do not use/wear mask appropriately
[22,24,46,47,72,73,170,228,229], there may be a higher microbial contamination risk. Both bacterial,
fungal and viral contamination of the masks can contribute to a distribution of microorganisms and
pathogens and reduce the desired effect, and can even lead to health risks for the wearer, see Section
4.7.

Toxicity and Carcinogenicity

In addition to the clinical symptoms, the carcinogenic and toxicological risks of wearing a mask
should be discussed.

Of course, masks filter bacteria, dirt and plastic particles and fibres from the air we breathe, but
according to the above-mentioned data, they also harbour the risk of inhaling microplastic and
nanoplastic particles and potentially toxic substances from the mask material itself [23].
Undoubtedly, the results of a recent review show that worldwide during the SARS-CoV-2 pandemic,
mask mandates have been an additional source of potentially harmful exposure of the population to
toxins at a distance of almost zero to the respiratory tract (predominantly oral inhalation route), and
to the gastrointestinal tract [23]. Of the 24 studies included 63 % showed disturbing high values and
possible exceedances for substances such as micro- and nanoplastics (MP and NP), volatile organic
compounds (VOC), xylene, acrolein, per- and polyfluoroalkyl substances (PFAS), phthalates
including DEHP and heavy metals such as Pb, Cd, Co, Cu, Sb and TiO2. For the N95/FFP2 mask, the
MP release was 831 pg in 24 hours and up to 4400 particles within 4 hours (with a predominant size
<1 um) and up to 6x10° NP in 4 hours [23].

Surgical masks released up to 3152 microfibres in <1 hour. The worst-case estimates show that
the breathing air can exceed the limits of the WHO Air Quality Guideline (AQG) [23]. There were

also exceedances of the total volatile organic compounds (TVOCc) with 403mg/m3 within only 17
minutes for the FFP2/N95 mask, and >1000pug within the first hour for the surgical mask, which is
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above the limit values of the EU target guideline, the German Federal Environment Agency and the
Oeko-Tex Standard 100. The textile standards were also exceeded for the toxic PFAS (FFP2/N95,
surgical mask, textile mask), DEHP, phthalates, flurotelomer alcohol, FTOH (each textile mask),
naphthalene (FFP2/N95), Pb (surgical mask, textile mask), Cu (surgical mask), Sb (FFP2/N95, textile
mask), Cd and Co (each surgical mask). In addition, acrolein (surgical) and xylene (FFP2/N95)
exceeded the limits set by the USA and the German Federal Environment Agency.

Some of the immediate complaints when wearing a mask (headache, (dry) cough, rhinitis, runny
nose and skin irritation) could be related to the potential short- and long-term negative effects of the
above-mentioned toxins released [23].

Altogether, mask content and release show exceedances of USEPA, WHO, EU Air Quality and
Oeko-Tex® Standard 100 limits for Micro- and Nanoplastics (MP, NP), organic toxins and anorganic
toxins [23].

Undoubtedly, there is a toxicological and carcinogenic risk of mask use for children, even in
special masks dedicated for children use: For phthalates there was a 43-fold exceedance of the
carcinogenic risk in children masks and for volatile organic compounds (VOC) there was a 25-fold
exceedance of the carcinogenic risk in children masks [23], for further details see Figure 4.

Altogether the possible toxicological mask effects including inhalation of plastic particles (high
micro- and nanoplastic release and content) and exceedances for toxic substances (volatile organic
compounds, acrolein, phthalates. xylene, per/polyfluoroalkyl substances and for Pb, Cd, Co, Cu, Sb
and TiO2) with carcinogenic potential and the exceedance of carbon dioxide in the inhaled air already
make the face masks obsolete for children.

For more details see Section 4.5. and Figure 4.

It is necessary to protect children in particular from harm caused by uncertified masks and
improper use.

Psychological and Sociological Symptoms

The simplest and most obvious damage caused by masks, apart from the physiological, clinical,
toxicological and microbiological ones discussed here, is the psychological and social burden with
impaired visual and verbal communication [75,78,80-82,87,89,104-106,339-342] impaired facial
expressions and misinterpretation of emotions [80,83,84,87-90,100,105,343], also resulting in
impaired early childhood learning [10,11,22,74,75,80,82,101,132].

Altogether, psychological and sociological symptoms, while wearing a face mask are
undisputable. For more details see Section 4.3.

MIES -Mask Induced Exhaustion Syndrome

All the mentioned psychological and physical deteriorations as well as symptoms that
frequently occur simultaneously following longer mask use belong to a special face mask driven
syndrome. In 2021 it was already shown that face masks can be responsible for the so-called Mask-
Induced Exhaustion-Syndrome (MIES) when worn for longer periods like it was the case during the
pandemic [22,24,29]. In 2021 the authors could objectify evident changes in respiratory physiology of
mask wearers with significant correlation of O2 drop and fatigue (p < 0.05). The authors could also
show a clustered co-occurrence of respiratory impairment, O2 drop and CO2 rise, as well as
headache, respiratory impairment, temperature rise and moisture under the masks [24].

The physical and chemical parameters in wearers do not usually exceed the normal values, but
when wearing a mask often they tend to be statistically significantly measurable in the direction of
pathological ranges. They are often accompanied by physical impairments. Depending on the activity
profile, wearing time and constitution of the wearer pathological values can also be reached,
exceeding normal values [24]. But even if this does not happen, risks remain. Consistent with the
conclusions of Sukul et al, Fikenzer et al and Zhang et al. [29,241,264], there is evidence of adverse
effects of face masks even without exceeding physiological thresholds/normal values in the mask
wearers.
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Even with CO2 and SpO2 values for example, which do not exceed the limit values, many clinical
researchers have also found worrying results in mask wearers.

For example, a neuro-radiological study in adults showed a pathological and altered brain
metabolism while wearing a N95 mask for 6 hours [126]. The MRI imaging showed a significant
decrease in brain oxygenation with a more than 50% decline in oxygen supply in the cingular gyrus,
an area responsible for the cognitive circuit.

An ophthalmological study indicates a risk of retinal damage with long-term use of masks.

Face masks reduced the vascular density in the vascular plexus of the retina even under resting
conditions after only 60 min [344]. Although the decrease in SpO2 and the increase in blood pressure
were significant, but still within normal physiological ranges (normal values), i.e. sub-threshold,
these clear clinical effects occurred.

Another study reported a significant mask-induced increase in intraocular pressure (IOP) after
only approx. 5 min of N95 mask wearing time [345].

Wearing masks can therefore counteract a therapy reducing intraocular pressure and thus
contribute to irreversible long-term visual problems in children with e.g. glaucoma. In accordance
with scientific analyses and reviews [22,24], even subliminal, but chronic changes due to masks can
lead to illness and clinically relevant secondary conditions in the long term.

Overall, even sub-threshold changes caused by the prolonged use of masks can therefore become
clinically relevant. This so called low-dose long-term effect has been elaborated in some papers on
adverse mask effects also in children [22,24].

Based on available literature, the so called MIES can comprise the following frequent,
predominantly statistically significant physiological and psychological changes while wearing a
mask for longer times also in children:

- Increase in dead space volume [25,35,112,152,249-256].

- Increase in breathing resistance [119,120,235,241-247].

- Increase in carbon dioxide [25,29,120,122,123,145,149,151-154,241,244,246,248—
251,254,257,258,260,264,267-283,319].

- Drop in blood oxygen saturation
[29,118,120,121,125,142,150,155,241,244,249,259,264,267,269,270,272,273,275,276,278,281,309—
323,325-330,334,346].

- Increase in heart rate [29,120,123,125,155,243,246,248,254,270,274,275,312,327,346,347].

- Decrease in cardiopulmonary capacity [147,241,244,264].

- Feeling of exhaustion and fatigue [118,121-
123,132,141,142,144,153,241,243,244,247,248,254,264,267,270,271,273,275,281,318,319,323,333,347,
348].

- Increase in respiratory rate [29,35,120,139,149,248,270,273,274,318,319].
- Changes in respiration [120,144,154,241,244,248,264,270,273,274,318].

- Difficulty breathing and shortness of breath [36,54,70-
73,120,121,123,128,131,141,142,153,241,243,248,255,270,273,277,314,315,317-319,325,333,334,349—
364].

- Headache [70,73,123,124,126,132,250,265,268,273,278,309,315,317,322,324—

326,330,333,353,357,362,365-374].

- Dizziness [120,126,142,250,265,273,278,309,317,318,320,330,357,370,373-378].

- Feeling of moisture and heat [35,54,121,127,128,134,234,241,243,247,248,270,319,358,364,379].

- Drowsiness (reduced ability to think and concentrate) [118-125,132].

- Decrease in empathy perception [69,75,81-83,87-90,105,130,380].

- Impaired skin  barrier function with acne, itching and skin lesions
[70,120,124,133,134,136,248,309,352,354,358,363,373,381-395].

- False sense of security [21,51,158,229,232-234].

- Increase in blood pressure [29,120,140,147,241,243,244,264,270,277,327,396].

- Increase in the temperature of the skin under the mask [112,134,236,247,248,319,364,397].

- Increase in the humidity of the air under the mask [112,134,247,319,364,397].

- Communication disorder [69,79,82,88-90,100,101,103,105,106,123,124,342,358,398,399].

- Voice disorder [73,104,105,358,400].
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- Perceived discomfort [70,71,73,127,131,132,136,241,270,354,364].

- Increased anxiety [22,82,101,132,139,362,398,400—402].

- Elevated mood swings or depressive mood [73,82,132,362,398,400,401].

- Toxicological risks, including harmful and carcinogenic substances that are inhaled at almost
zero distance from the respiratory tract [23].

- Biological hazards due to bacterial, fungal and viral contamination and possible spread [170]

- Risk to young life, including unborn and children, with potential nerve damage, testicular
damage and stillbirths [22].
Altogether, MIES can have long-term clinical consequences, especially for vulnerable groups

including children (Figure 5).
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Figure 5. Potential unfavourable mask effects (adverse effects) as components of the mask-induced
exhaustion-syndrome (MIES) during use. The chemical, physical, biological and toxicological effects,
as well as the organ system consequences mentioned, are all documented with predominantly
statistically significant results in the scientific literature found and compiled, also in children (see
Section 4.8.4).

IOP = intra-ocular pressure, ENT= ear, nose and throat.

Extended mask-wearing by the general population and by children can lead to relevant effects
and consequences in many medical fields. In any case, the MIES potentially triggered by masks
contrasts with the WHO definition of health. As health is a state of complete physical, mental and
social well-being and not merely the absence of disease or infirmity [138].

4.8.5. Risk Assessment of Masks and Children

There was always the worst-case risk assumption for spreading and severe outcome associated
with SARS-CoV-2. This is the way authorities are mandated to perform a risk assessment [213]. But
the lack of efficacy of mask mandates (Section 4.8.1.), the lack of mask standardisation for virus
filtration (Section 4.8.2.), the negligible infectivity and COVID-19 course in children (Section 4.8.3.)
and even the increased risk of infection and spreading mainly due to improper handling by children
needs to be assessed in relation to the risks of unwanted and even possible serious adverse effects to
health by these devices (Section 4.8.4.).

Looking at chlorine dioxide (a drinking water disinfectant used worldwide), as possible biocide
against SARS-CoV-2, whose function has been demonstrated in vitro [403], there is a risk assessment
for humans available based on toxicity in rodents. This is according to international rules and
regulations. The No Observed Adverse Effect Level - NOAEL in a rodent tox study was identified
with 3 mg/kg bodyweight per day. At these concentrations there was neurotoxicity with
neurodevelopmental effects [404]. Therefore, permitted daily exposure for humans with chlorine
dioxide as biocide for the whole population (Reference Dose for Chronic Oral Exposure — RfD ) was
set to 0.03 mg/kg per day by applying an interspecies uncertainty factor of 10 and an interhuman
uncertainty factor of 10 [404]. This uncertainty factor, which totals 100 is a factor used by risk
assessors to derive a reference dose that is considered safe or below which an adverse effect is
unlikely to occur. This approach based on animal data is always the basis risk assessment, which is
mandatory for decision making by authorities implementing measures to prevent spreading of
infectious diseases. For chlorine dioxide on the one hand the biocide activity and need for sufficient
concentrations and on the other the safe amount of exposure to humans have to be balanced against
each other.

The same would have been necessary for implementing mask mandates especially for children.
But authorities refused to perform an appropriate risk assessment.

What is the risk getting severe COVID-19 infections for children? What is worst case risk of using
this device with lack in proper handling? What is the worst case risk for the children using this
device?

It is undisputed, that masks pose numerous psychological, physio-metabolic, toxicological and
clinical risks, especially for children (Section 4.8.4.). It is also undisputed that children are not able to
adequately follow the guidelines for the correct wearing of masks (Section 4.8.1). The negligible
infectivity and harmless course of COVID-19 with a mortality rate of 0.0003 % (3 in 1 million) in
children is also a fact (Section 4.8.3). But even when only looking at one single parameter, namely the
proven carbon dioxide exposure of 0.7% to 1.39% in breathing air, while children are wearing a mask
(Figure 3), the risk assessment is unfavourable.

Elevated carbon dioxide in the breathing air while wearing a mask implies on its' own clearly a
high risk of irreversible damage to children health. Based on animal data carbon dioxide exposure is
associated with complete loss of spatial orientation and irreversible loss of brainstem neurons at an
exposure of only 0.3% CO:z to juvenile rodents [22]. This asks for a mandatory definition of a limit
exposure by applying interspecies and interhuman uncertainty factors. Such factors are an attempt
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to account for uncertainties and interspecies variability from animal to human. But when applying
the same factors like it was done for chlorine dioxide this would result in a possible safe exposure of
far less than 0.3 % carbon dioxide. Maybe these factors could be reduced because rodents in these
safety studies had been exposed 24/7 till study end points [22]. Nevertheless, based on rules and
regulations mandatory for such a chemical risk assessment we need to ask at least for a safety factor
of between 3 to 10 [405]. Even if factor 3 is applied, it cannot be ruled out that low air quality due to
increased carbon dioxide breathing while wearing a mask of 0.7 % to 1.39 % [25,26] can lead to
irreversible damage to the brains of children and adolescents [22]. The values taken form the studies
are only median/mean values [25,26]. Of course, the values may be lower, but an appropriate risk
assessment is always based on the worst case, not the best case, using a worst-case scenario [213].
And our approach is quite conservative, as we don't even use the maximum values from the children
studies. The maximum values were even as high as 1.52% [25] and 2.5% CO:2 [26] in the inhaled air.

Also the significant mask-related reproductive risk with possible testicular damage in
adolescents is not considered in this analysis, as neurotoxicity involves more extensive damage with
relatively lower carbon dioxide exposure [22].

Germany had the worst outcome of international children education testing in OECD Pisa 2022.
We simply cannot exclude an irreversible substantial damage to childrens’ brains by these unproven
mask mandates. And not only in Germany there was an unprecedented average drop in maths and
reading but also all over the world [406].

Carbon dioxide breathing when children wear a mask is on average 0.7 % to 1.39 % with
maximum values of 1.52% and 2.5% [25,26] and thus significantly above the safety reference dose
that can be calculated on the basis of animal experiments [22,405].

If we consider the scientifically proven adverse mask effects and MIES on the one hand (Section
4.8.4., Table 1) and the unproven effectiveness of masks in children against viruses (Section 4.8.1.),
the lack of mask standardisation regarding virus filtration (Section 4.8.2.), the negligible infectivity
and COVID-19 course in children (Section 4.8.3., Table 2) on the other, the risk-benefit assessment
becomes even clearer.

Table 1. Summary of key facts (scientific evidence) on the potential adverse effects associated with
the use of masks by children for risk assessment.

masks and children risk assessment — adverse effects scientific evidence

toxicological risk (carcinogenic, mutagenic, physio-metabolic) yes

bacterial, fungal and viral burden (contamination) unclear
physical symptoms yes
exacerbation of existing diseases yes
triggering of new diseases yes
psychological symptoms yes

sociological/developmental disruptive effect unclear

large absence of undesirable effects no

Table 2. Summary of the most important facts on environmental influences/contextual factors in
relation to masks and children for a risk assessment. Consideration also in particular with regard to
masking children for COVID-19.

masks and children risk assessment — contextual factors evidence/basics

mask standardisation (bacterial filtration) yes

mask standardisation (particle filtration) yes

mask standardisation (virus filtration) no

effectiveness of masks against viruses in children unproven

ensuring appropriate use of masks in children unproven
high SARS-CoV-2 infectivity in children no
frequent devastating COVID-19 course in children no
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There are clear, non-negligible risks accompanying mask use in children (Sections 4.3-4.8.) in
contrast to unclear effectiveness against viruses, which is predominantly based on assumptions and
consists of empirically unproven claims (Section 4.6.).

A risk assessment is always based on the worst case, not the best case.

Using a worst-case consideration [213] and taking into account the WHO and UNICEF, who
have jointly advocated the ‘do no harm’ principle with regard to the use of masks for children, with
prioritisation of the best interest, health and wellbeing of the child [214] in accordance with the
Hippocratic oath and the principle of ‘primum nihil nocere” (first do no harm) with the aim to avoid
a damage caused by the preventive measure, being greater than that caused by the disease itself, as
well as the guiding principle of the Geneva Declaration of 1948 as revised in 2017 [215] and the
children’s human rights under the UN Convention on the Rights of the Child [11], it becomes obvious
to decide against face masks in children (Figure 6). Unfortunately, this was not common practice
during the pandemic [10].

In recent expert book chapters they came to the same conclusion and therefore argued against
masks in children and adolescents [407].

Masking children for COVID-19 ?

gy

"UN convention - rights of the child,

= UNICEF, WHO, WMA
¥ Declaration of Genevaj
[Eworst case considerationy

thical appr‘opr‘iafene 2

Figure 6. Graphical representation summarising the risk assessment in relation to masks and children
taking into account the key ethical principles. Justitia, the goddess of justice in ancient Roman
mythology is the symbol of applied justice and the upholding of all ethical principles. There are clear,
non-negligible risks of mask use in children in contrast to unclear effectiveness against viruses which
is predominantly based on assumptions and empirically unproven claims without convincing
supreme empirical evidence, e.g. randomised controlled trials, etc..

4.8.6. Limitations

As our review was intended to be a rapid literature overview, only one database was searched
and no grey literature included in the discussion. Thus, the adverse mask effects and risks could be
underestimated in our evaluation. Additionally, as we included only data that were extracted from
or with individuals under 18 years of age who had already been born, our review could not go into
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further detail on early life such as fetuses in the womb. However, from a scientific point of view, a
risk for mask-bearing pregnant women is known [22].

Due to a lack of further literature, we were unable to discuss the effects of mask wearing and
excessive hygiene on the immune system in relation to the deprivation of natural bacterial
stimulation. Possible consequences, however, are apparently a higher susceptibility to infections, also
in the form of the well-described waves of infections with rhinoviruses, RSV and streptococci
following such measures [408-411].

5. Conclusions

Of course, some individual and rare scenarios exist that justify the use of masks for children as
part of a balanced risk-benefit analysis with a short period of a few minutes wearing the mask. For
example, as a short-term protection in the event of a bush fire with strong smoke development, or as
a source control in a child suffering from open tuberculosis. However, a mask recommendation
should always remain a medical advice, in the sense of balanced prevention, not more. But the
decision to mandate masks by law for schoolchildren and even younger during the SARS-CoV-2-
pandemic, e.g. for entire school days was driven solely by political motives, rather by scientific and
medical ones as there is no scientifically convincing empirical evidence to favour such a use of masks
against viruses in children (Section 4.8.1).

Moving forward, we must learn from past mistakes and must prioritise an evidence-based
approach: ensuring interventions involving children are always made in their best interests.

In view of the available literature (supplement: Tables S1-56) and Section 4.8., the risk-benefit
analysis (Section 4.8.5.) is clearly unfavourable for masks in viral pandemics (Figure 6), as masks bear
a lot of adverse effects and risks (Figures 2—4) including inacceptable carbon dioxide breathing and
the MIES (Figure 5 and Section 4.8.4., supplement: Tables S3-55), but do not offer convincing
protection against viruses in real-life scenarios from an empirical view.

Other non-pharmaceutical health preserving interventions for children, such as good hand
hygiene, improved indoor ventilation and absence from school due to illness, do not engage the legal
complexities of mask-wearing and are a safer policy option for reducing SARS-CoV-2 and other virus
transmissions. Especially as there is more evidence for effectiveness of these measures together with
a lower overall risk for adverse effects.

The promotion of a healthy immune system and herd immunity via environmental factors
(nutrition, microbiome, physical- and chemical-, as well as psychological- and social- environmental
influences) should also be the focus of future research.

Supplementary Materials: The following supporting information can be downloaded at the website of this
paper posted on Preprints.org.
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