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ABSTRACT
The COVID-19 pandemic increased sales of portable UV-C devices as a means of
inactivating the SARS-CoV-2 virus. Research suggests that excessive UV-C exposure to the
eyes and skin can lead to side-effects, primarily photokeratitis and erythema, but these
findings are limited to case studies. This study explores self-reported side-effects of UV-C
devices by collating five waves of UK consumer survey data from April 2020-December
2021 (N= 26,864). 30%-46% of owners report a side-effect after using a device claiming to
emit UV-C. However, detailed analysis of Wave 4 data (N = 309) highlights inconsistencies
between reported and plausible side-effect(s) associated with skin or eye exposure from UVC devices. Alternative explanations are considered, namely that the reported side-effect(s)
were psychosomatic or misattributed to direct exposure of UV-C radiation. Data regarding
awareness of warnings about device side-effect(s) supports the misattribution explanation.
For risk assessment purposes, limited reliable information about specific irritation or injury
to the eye and skin was found from self-reporting surveys. To optimise future data collection,
we recommend addressing recall errors by: reducing the period under investigation,
supplementing responses with empirical measures, and incentivizing respondents to provide
accurate information about the make and model of the UV-C device.

INTRODUCTION

The COVID-19 pandemic has brought to the fore discussions regarding the effectiveness of
UV-C in inactivating viruses both via far-UV-C (1), which use lower range wavelengths,
and portable UV-C devices. Specifically, there has been a rise in the sale of the latter for
use in various settings (workplaces, homes, transport) and for purposes such as disinfecting
the air, surfaces and objects (2–7). However, the relative benefit of using portable UV-C
devices to reduce the risk of COVID-19 transmission in individual settings, compared to
other mitigation measures, is still unknown (8). Moreover, despite the potential benefit of
virus inactivation (9), case studies report that excessive UV-C exposure to the eyes and
skin can lead to side-effects, namely eye pain (photokeratitis) and skin rash (erythema), in
the workplace (10–14), home (12, 15) school (16–19) and clinical settings (20, 21). The
extent to which ultraviolet radiation may induce these side-effects is dependent on the
wavelength of UV radiation, the dose of UV radiation and the susceptibility of the
individual (7, 22, 23). Due to the potentially undesirable impact on human health, caution
is therefore advised with regards to using UV-C devices in domestic and commercial
settings (24). Currently, there is limited data that extends beyond a case-study approach to
examine how and why risks of UV-C exposure may occur from a consumer perspective.
It is important to contextualise the purpose of this research project. Previously
published survey findings by the UK’s consumer product safety and measurements
regulator, the Office for Product Safety and Standards (OPSS) revealed that people
reportedly used portable consumer-grade UV-C devices on their skin (4). Consumers
reported these intentions despite World Health Organization (WHO) advice not to use UV
lamps to sterilise their hands or other parts of the skin (25). It led us to a working
hypothesis that consumers could potentially experience adverse side-effects when using

portable consumer-grade UV-C devices. This context motivated the questions which
specifically included terminology that is commonplace in regulatory practice, such as
‘harm, ‘severe’, and ‘injury’ (26), though we acknowledge that some of the terminology in
the surveys may not align with public health definitions. We understand that from a
scientific methodological point of view, neutral wording is optimal to avoid priming
respondents, thereby avoiding survey design issues (27). However, we believe the results
and design limitations can still both inform our understanding of UV-C device usage and
provide useful recommendations for future research and decision-making when balancing
the risks and benefits associated with the use of these devices.

MATERIALS AND METHODS
This report first collates the findings from five waves of surveys from April 2020 December 2021 in the UK before offering a comprehensive analysis of Wave 4. As we will
see, findings in Waves 1-3 initially suggested that UV-C devices were associated with sideeffects, thus motivating Wave 4 to explore this further. However, detailed analyses of these
results indicate self-reported injury or harm data may be unreliable, thus Wave 5 contained
more targeted questions aimed at providing deeper insight.
All five surveys were conducted by two market research companies who sampled a
total of 26,864 consumers as outlined in Table 1. Each wave aimed to collect data from a
nationally representative sample of the UK population, but as each response did not have a
unique identifier, the number of unique responses may be slightly lower than the total
sample size. Despite variation in survey length, each wave of questions examined the use
of the device and potential side-effects (see Supplementary Materials).

<Table 1>

For Wave 4, the market research company contacted the participants who
previously reported to owning or having access to a UV-C device in Wave 3 and the
questions were divided into five themes aiming to assess the risk and reported side-effects
of portable UV-C devices: (1) Perceived risk; (2) Type and severity of harm (3) Tolerance
of side-effects; (4) Perceived utility; (5) Motivation for purchase. The consumer products
covered within the survey questions are: boxes for disinfecting items (such as mobile
phones or keys), handheld wands, lamps for the floor or wide areas, and handheld or robot
vacuum cleaners fitted with UV germicidal lamps.
At the outset, it should be noted that despite attempting to gather data on the make and
model of the UV-C devices via open questions, only 42% (n = 130) respondents answered.
Of these responses, only 4% (n = 12) were of sufficient quality where a specific product
could be identified, traced back to the open market and purchased for supplementary
testing. Conversely, the remaining responses were ambiguous by referring to brand names,
unrelated terms, or random text.
Identifying specific products is important from a regulatory perspective as corrective
actions may be needed by relevant regulators if products are found not to meet the relevant
requirements (28, 29). Due to the insufficient quality of the survey responses, it was
therefore not known which particular devices led to side-effects, and so they were not
independently tested to confirm that they were indeed emitting UV-C. Khazova et al. (30)
found that some UV-C devices on the market did not emit any UV-C despite claims to the
contrary, while other devices were designed to prevent direct skin and eye exposure. As we
discuss, this plays an important role in our understanding of the reported side-effects.

RESULTS

Summary of waves

In this summary, we report the results for two questions which asked whether respondents
owned or had access to a UV light sanitising device (Waves 1, 2, 3, 5), and whether they
had experienced any side-effects when using the device (Waves 2-5). Beginning with
Wave 1, findings revealed that 5% of respondents (n = 204) had recently purchased a
device claiming to emit UV-C, but side-effects were not measured in this wave. Reported
ownership increased in Wave 2, such that 19% (n = 437) of respondents had access to or
bought a device claiming to emit UV-C, and of these respondents, 46% (n = 200) had
reportedly experienced one or more side-effects. Wave 3 results showed a decrease in
ownership - 5% of respondents (n = 527) – and reported eye pain or skin irritation 30% (n
= 159). The focus of this paper, Wave 4, does not have ownership data because, as
mentioned, respondents were those who reported owning or having access to a UV-C
device in Wave 3. It did, however, highlight that 30% (n = 92) of respondents reported a
side-effect, while the latest findings from Wave 5 revealed that 7% of respondents (n =
688) purchased a device claiming to emit UV-C, of whom 37% perceived to experience a
side-effect (n = 254). A summary of ownership and reported side-effects by demographics
is presented in Table 2 and 3.

<Table 2>
<Table 3>

The high proportion of reported side-effects in Wave 2 and 3, along with previous research
findings, warranted further investigation, which is why Wave 4 aimed to delve deeper.

However, some results are not consistent with scientific evidence of feasible adverse
reactions due to skin or eye exposure to UV radiation (e.g., type and duration of symptoms)
or device design capabilities (e.g., battery life, dimensions, in-built safety features
preventing skin or eye exposure). We now explore two candidate explanations for the
reported side-effects supported by additional findings from Wave 4.

Wave 4 – reported side-effects analysis and misattribution

As outlined above, Wave 4 sampled a total of 309 consumers, who confirmed that they
either purchased, or have access to, a UV-C device. Out of the surveyed population, 30%
(n = 92) reported experiencing a side-effect, with 10% (n = 32) reporting multiple sideeffects. Of those who experienced one side-effect, respondents primarily reported
headaches (7%, n = 22), followed by nausea (4%, n = 13), eye pain (3%, n = 8), skin burn
(3%, n = 8) and then skin redness or rash (2%, n = 7), as shown in Fig. 1.

<Figure 1>

The relatively high prevalence of headaches is intriguing given that both previous OPSS
research (28) and academic studies (10, 11, 15) on UV-C devices primarily report the risk
of photokeratitis and erythema, with a much lower incidence of nausea and no evidence for
headaches. Both headaches and nausea are known as ‘non-specific symptoms’ in that they
can be reported but not medically observed.
In terms of the duration of the side-effects, among those who reported at least one,
51% (n = 47) reported that recovery took between 3 days and 1 month (Fig. 2).

<Figure 2>

This reported time period is longer compared to previous studies, which found a shorter
time frame of roughly 1 to 7 days from the beginning of treatment (e.g., lubricating eye
drops, topical creams) (10) or the onset of symptoms (12).
To understand the distribution by type of side-effect, Fig. 3 shows the duration by
type of reported side-effect.

<Figure 3>

We can see that most respondents report that skin redness (n = 9), burns (n = 8) and nausea
(n = 9) primarily last between 3 and 10 days, whereas eye pain (n = 8) and headaches (n =
10) most often last between 10 days and 1 month. From a causal perspective, these findings
are counterintuitive, particularly the duration of photokeratitis and erythema because they
are both typically short-term effects that last between 6-24 hours (31). This means that the
reported persistence is only possible if it wasn’t a result of direct skin or eye exposure to
UV radiation, but the respondent was continually exposed to another trigger, for example,
headaches can be caused by the noise of some vacuum cleaners, or chemicals in common
cleaning agents amongst other things (32). Equally, 6 participants also report that nonspecific symptoms, headaches and nausea, lasted between 3 and 6 months, which does not
seem plausible if direct skin or eye UV-C exposure was the cause of these side-effects.
This is supported by usage data, as most people reported that they use these devices only a
few times per week (21%, n = 64).
Moving on to the link between reported side-effects and particular devices, Fig. 4
shows the distribution of reported side-effects by device type.

<Figure 4>

Nearly half of respondents who owned a lamp experienced a side-effect (48%, n = 19),
which is consistent with existing research that has reported side-effects after exposure to
UV-C (12, 14, 15). One reason these devices could be associated with adverse side-effects
is because of generally higher irradiance and that the access to direct UV exposure of skin
and eye are not prevented by design consideration, i.e., they are free-standing open sources,
unlike other device types. The low prevalence of reported side-effects for boxes (20%, n =
11) also aligns with research suggesting that these devices are often fitted with safety
features, such as a tilt sensor which terminates emission when opened (30) or tilted
upwards or it is too small to enable skin or eye exposure. The causal relationship between
the high frequency of reported side-effects associated with UV-C vacuum cleaners (50%, n
= 13) is more difficult to explain based on the existing literature. Whilst research indicates
that vacuum cleaners fitted with UV-C emitters may be effective in inactivating bacteria
(33), human access to UV radiation from these devices is not feasible in practice as UV
emission is possible only when cleaning head is in contact with the surface. Side-effects
therefore may be better explained from the usage of the vacuum cleaner itself, potential
release of ozone, or other indoor pollutants, during operation or alternatively the sound
levels and potential hyperacusis experienced by people (32, 34). This finding reinforces our
hypothesis that the reported side-effects with certain products may be caused by other
factors rather than direct skin or eye UV-C exposure.
Lastly, Fig. 5 shows how the side-effect that was reportedly ‘most serious’ for each
device relates to the length of time until the side-effect became apparent.

<Figure 5>

25 instances of the ‘most serious’ reported side-effects emerged between 16 and 30
minutes of exposure, and 34 respondents reported they became apparent between 1 and 15
minutes. However, side-effects such as eye pain and skin burn can take hours to develop.
For example, these symptoms were observed after 2-19 hours in Trevisan et al.’s (18)
subjects, while Zaffina et al.’s (21) patients began complaining 4-6 hours after exposure.
Taken together, these results suggest that the side-effects reported in the survey may not be
causally linked to direct skin or eye UV-C exposure from these devices.
This is known as misattribution where people incorrectly identify the cause of their
arousal (i.e., side-effects) (35). The misattribution of side-effects is common, particularly
when they are non-specific symptoms (e.g., headaches, nausea, dizziness) (36), which were
the most frequent in Wave 4. In this case, it may therefore be that the side-effects
respondents experienced were misattributed to skin or eye exposure to UV-C radiation
when the cause was, in fact, unrelated to the device. It is important to note that
misattribution does not cause the effect per se, rather it is experienced and then incorrectly
attributed. This differentiates misattribution from an alternative explanation which may
have led to reported side-effects: the nocebo effect.

Wave 4 – assessing the nocebo effect

The second possible explanation for the reported side-effects relates to the nocebo effect:
adverse effects produced by expectations (37). To explore this possibility, we report the
findings of two questions. The first asked whether participants saw a warning about the
UV-C device they had purchased, and whether this was from a website, packaging,
instruction manual, word-of-mouth or other. Fig. 6 shows the proportion of participants

who reported a side-effect after using a UV-C device and reported seeing any kind of
warning in relation to the device (excluding 39 ‘don’t know’ responses).

<Figure 6>

Out of those who saw a warning, the proportion who reported a side-effect (45%, n = 79)
was lower than those who did not report a side-effect (55% n = 97). However, the fact that
nearly half of respondents saw a warning and reported a side-effect is still indicative of the
nocebo effect, especially given also that 91% (n = 86) of those who did not see a warning
also did not report a side-effect.
Although misattribution and the nocebo effect are closely related, Faasse et al.(38)
make a useful distinction. Misattribution is regarded as a ‘perceived’ nocebo effect because
it does not induce any symptoms other than those that would have occurred regardless, but
participants attribute them to an incorrect source, which in this case is the UV-C device.
Conversely, the ‘true’ nocebo effect involves different processes because it induces actual
symptoms. Some devices on the open market contain instructions such as ‘Ultraviolet
radiation can cause skin and eye burns, so please use carefully, and follow instructions
exactly’. However, the exact content of the warnings that consumers saw prior to using the
device is unknown, and so we cannot ascertain what adverse side-effects they expected
would occur. Nonetheless, we can tease apart misattribution and the nocebo effect by
examining responses to a second question which asked respondents the degree to which
they reportedly read the manual (Fig. 7).

<Figure 7>

Of consumers who reported a side-effect, most reported not reading the instructions/manual
initially, but consulted it later on (70%, n = 30) compared to 30% (n = 13) who did not
report a side-effect. This indicates that they consulted the instructions/manual later
potentially because they experienced a side-effect. In other words, we argue that consumers
consulted the instructions/manual after the side-effect emerged. Therefore, it is less
plausible that the 45% of respondents in Fig 6. who reported seeing a warning and
experiencing a side-effect is evidence of the nocebo effect because the warning was most
likely read after the side-effect and not before. Although it is complex to differentiate the
nocebo effect and misattribution, we argue that these findings support the latter. This is
important given the prevalence of both phenomena. This data does not disprove the
possibility that the reported side-effects were caused by the use of the UV-C device, yet not
necessarily by direct skin or eye exposure. Otherwise put, it is not the case that there is no
evidence of a link between use of UV-C devices and side-effects reported here. However, it
is important to exercise caution when interpreting the findings in light of the
aforementioned inconsistencies and acknowledge the role of other explanations.
Having argued for the misattribution explanation, we now turn our attention to why
this may have occurred in relation to UV-C devices. We acknowledge that the media has
been found to play a role in the perception of symptoms (38). For example, studies
reference Pierpoint’s (39) ‘The Wind Turbine Syndrome’ as a motivating factor in the
misattribution of reported symptoms by patients after they have been in close proximity to
wind turbines (40–44). The media coverage for UV-C devices has not been substantive but
there are several exceptions such as news articles like ‘People are damaging their eyes
trying to kill COVID-19 with UV lamps’ (45), ‘Have you bought a UV light? Experts are
urging shoppers to think twice before buying devices that claim to kill viruses and bacteria
after safety tests show some can cause painful BURNS and eye damage’ (46) and ‘Why

you should think twice before buying that UVC infection gadget’ (47). The extent to which
the media shaped respondents’ expectations regarding side-effects of the UV-C may also
be linked to coverage about SARS-CoV-2. Since March 2020, the global focus on the
pandemic may have made people hypervigilant about their own health. Specifically, studies
around the world have found a relationship between virus-related fear and somatization,
that is psychological concerns manifesting in physical symptoms (48–51). Research has
also shown that somatization tendencies can exacerbate misattribution (52–54). Given
Wave 4 data was collected between 13th and 29th August 2021, it is possible that the wider
context intensified the perceived side-effects even if the devices claimed to emit UV-C and
inactivate the virus. In sum, exposure to health-related news may have triggered new or
exacerbated existing somatization tendencies, thus leading to the attribution of side-effects
to the UV-C device.

Wave 4 – risk tolerance

Our findings may also be explained through participants’ tolerance of risk which is
influenced by the perceived benefit of and voluntary engagement in the risk generating
activity, given the perceived risk (55). By risk tolerance we mean people’s estimate of the
perceived benefits (e.g. utility) over and above the perceived costs (e.g. harm) they
attribute to a product. Whilst the relative benefit of portable UV-C consumer-grade devices
in reducing SARS-CoV-2 transmission is unclear (8) people may still perceive these
devices to be effective, thus tolerating higher levels of risk and adverse side-effects
compared with those who regard the devices as less effective. In our study, we utilised
people’s belief regarding the effectiveness of the device (i.e., inactivation of the SARSCoV-2 virus and/or reducing transmission) as a proxy for their tolerance of risk. Fig. 8

shows the extent to which participants believed the device was effective and the
distribution of consumers who either reported or did not report a side-effect.

<Figure 8>

Of those who did not report a side-effect, 41% (n = 89) did not know whether the device
was effective. These findings must therefore be interpreted with caution because, as noted
by Mickalide(56), a high proportion of ‘don’t know’ (DK) responses suggests low face
validity – whether, according to participants, the questions measure what they intend to
measure – and the overall proportion of DKs for this question was 32% (n = 100).
Nonetheless, among those who did report a side-effect, 53% believed the device was very
or moderately effective compared with 36% (n = 33) who believed the device was
somewhat or not at all effective. Combined with the likelihood that all participants used
their UV-C device voluntarily, as these devices are available on the open market, it seems
that participants who reported a side-effect were more inclined to tolerate risk than not. In
turn, this increased risk tolerance resulted in misuse (via manner or duration) as reflected in
the reported side-effects.
Risk tolerance could also theoretically relate to misattribution. One might argue that
high risk tolerance (i.e., high perceived effectiveness - the high utility placed on the
protective properties the device has) might reduce misattribution, and therefore reporting,
of any side-effects to the UV-C device. This is because perceived effectiveness may shift
people’s attention from negative media coverage, for example, towards protection from the
virus. Conversely, lower risk tolerance (i.e., low perceived effectiveness - the low utility
placed on the protective properties the device has) might increase misattribution, and
therefore reporting of, side-effects to the UV-C device. There does not appear to be
evidence of this interpretation here as perceived effectiveness was greater among those

who reported side-effects. However, given face validity concerns for this question as well
as a low sample size, the relationship between risk tolerance and misattribution cannot be
fully addressed. As this study applied a methodology relying on self-reported experiences
of side-effects in relation to particular device type, the potential for biases is now
investigated.

Wave 4 – recall error

Aside from misattribution, self-reports can also lead to recall bias – an inaccurate
recollection about past exposures or outcomes (57) – and therefore erroneous conclusions
about the cause of the injury (58–61). Wave 4 did not measure when exactly participants
experienced the side-effect(s) that they reported. However, as mentioned earlier, the results
for Wave 4 stemmed from a subset of respondents (n = 309) who answered ‘yes’ to
purchasing or having access to a UV-C device in Wave 3. Specifically, they were asked:
‘Have you purchased the following for use against bacteria and viruses, including COVID19?’ Fig. 9 outlines that 20% (n = 132) reportedly purchased their device at least 17
months prior to the survey. While this does not signal a bias to over- or under-report sideeffects per se, it does suggest that respondents were asked to recall side-effects that
occurred a long time ago, thereby increasing the likelihood of inaccurate reporting. As
such, this may explain the discrepancies between reported and feasible side-effects due to
skin or eye UV exposure.

<Figure 9>

Answering survey questions is cognitively demanding; it requires that participants
understand the question, retrieve information from memory, interpret this information into

a single judgment, then translate this judgment into one of the available responses (62).
Therefore, recall errors are likely exacerbated if the respondent must recall memories that
are too far in the past. This issue has been found in other studies, for example, in research
on injury and memory decay, Jenkins et al. (63) found that recall rates were significantly
different at three time periods: 108/1000 for two months, 66/1000 for 12 months, and
19.2/1000 for 10 years. They conclude that injury recall is likely to be underestimated if it
occurs two months after the incident, but it is important to acknowledge that the study
concentrates on injuries whilst the focus here is reported side-effects which may be even
more easily forgotten. Elsewhere, Baker et al. (64) compared self-reports of specific
ailments with medical data and found considerable error, that is both false negatives and
false positives. In terms of recall of non-specific symptoms, Hopwood and Guidotti (65),
studied symptom recall immediately following and six months after a toxic exposure
incident. They found a high-level bias after six months with a greater level of disagreement
regarding primary symptoms associated with exposure to nitrous oxide (e.g., cough,
shortness of breath) than non-specific symptoms. In fact, headaches were the only
symptom to show a high level of agreement compared to chance without recall errors. In
addition, five respondents reported that their symptoms persisted contrary to expectations
from the toxicology report which stated that they should have subsided after one week.
This is consistent not only with the high proportion of side-effects that are less commonly
associated with UV-C exposure (headaches, nausea), but also the reported duration of these
side-effects. Lastly, it is relevant to recognise the context of this research data for
regulatory purposes and outline potential wording issues that may have impacted
discrepancies in the results.

Wave 4 – survey wording analysis

Another relevant aspect of the study which may have impacted reported side-effects is the
survey design. One of the questions, for example, used standard rather than specific
quantifiers: ‘How often, if at all did you follow the instructions/warnings when using your
UV sanitising device? Never, rarely, sometimes, other, always (i.e., every time I use the
device).’ Even though respondents prefer expressing their opinions through words rather
than numbers (66, 67), studies have shown that the intervals between the labels on
questions measuring self-reported frequency are not equidistant, e.g., the perceived
distance between ‘always’ and ‘often’ is much greater than the difference between
‘seldom’ and ‘never’ (67). In addition, the subjective understanding of quantifiers in
psychometric data can vary depending on the context. For instance, the above question asks
respondents about how often they follow instructions/warnings, but findings on device
usage reveal variation from ‘more than once every day’ (7% n = 22), to ‘I have only used it
once or twice’ (9% n = 37). If two respondents both answer ‘often’ to reading the
manual/instructions but they differ greatly in usage, then the meaning of ‘often’ diverges.
We also note here the use of a slash ‘/’ between two terms with different meanings, for
example in the question above, respondents are asked about ‘instructions/warning’ which
are safety communications with different functions. A warning informs people about a
hazard whereas instructions inform people about how to avoid or minimise undesirable
consequences such as injuries (68). If a participant has only read the instructions but not the
warning, or vice versa, it may be difficult to know how best to answer which also reduces
face validity. While consumers are likely to read both as instructions often include
warnings, it is still possible to attend to one and not the other. An instruction booklet, for
instance, may contain warnings at the beginning, but consumers may skip this information
and only read the instructions.

CONCLUSION AND FUTURE DIRECTIONS

Taken together, across Waves 2-5, 30%-46% of respondents who reportedly used a UV-C
device claiming to emit UV-C self-reported experiencing a side-effect. However, in-depth
survey data from 309 consumers in Wave 4 highlighted inconsistencies between reported
side-effect(s) and plausible side-effect(s) associated with skin or eyes exposure to UV-C.
For example, while research has found that symptoms of photokeratitis and erythema
usually emerge at least a few hours after exposure, our respondents reported that their eye
pain and skin burn became apparent within 15 minutes. The survey responses were
designed to help inform risk assessments evaluating side-effects from a range of UV-C
devices at scale. This finding suggests that survey data, in isolation of other empirical
evidence, did not produce sufficiently reliable results in revealing how many people
experienced side effects.
We offer three explanations for this outcome. Primarily, we acknowledge the role
of misattribution rather than the nocebo effect. This is exacerbated by individual
somatization tendencies along with media exposure for which there is an evidence base,
albeit small, regarding UV-C devices. The second possibility is that recall errors impacted
respondents’ ability to accurately remember details of their experiences with UV-C
devices. Lastly, the design of the survey, which was originally produced for regulatory
purposes, potentially primed respondents to report their side-effect as more severe, or led to
multiple interpretations, for example, ‘skin burn’ may be understood differently as it was
not defined. We therefore propose several recommendations of how these issues could be
reduced in further research alongside limitations of the survey methodology, which may
need to be supplemented with wider data collection in order to validate any findings.

First and foremost, supplementing subjective data with more empirical measures,
such as hospital accident and emergency records or observations from health professionals
would provide a more holistic understanding of perceived and actual side-effects. This is
not to say that self-reports do not have value. Chan (69) observes that on occasions, such as
measuring distress from a safety incident, self-reports are preferable. However, the validity
of self-reported data, compared with medical records, has been questioned numerous times.
This is not just because of recall errors or misattribution but also because respondents can
overreport safety behaviours, such as reading the instructions or manual, and underreport
risky behaviours (56). Given the difficulties of obtaining such information, another more
feasible option is to collect self-report measures at two time points in relation to a specific
side-effect. However, participants may experience multiple side-effects and be unable to
accurately provide details of the side-effect in question.
Second, it is helpful to reduce recall errors where possible by limiting the reference
period to 2-4 weeks (70) or 2 months as a maximum (63). This poses challenges if the
device is used sparingly, and so, a useful exclusion-criterion for future research could
screen respondents by when they last used the device.
Third, using specific intervals for measuring the frequency of behaviour could
mitigate varied interpretations of verbal quantifiers. Here, we recognise that decisions
regarding the design of this survey were within the context of regulatory delivery in order
to assess the potential risks and harms posed by use of UV-C devices. However, future
surveys which are hypothesis-driven could employ neutral language where possible to
align with best practices, which includes minimising ambiguity by avoiding multiple terms
with different meanings and pilot testing questions to monitor the proportion of DK
responses.

Fourth, it is important to elicit information about the make and model of the UV-C
device. Despite asking respondents to provide this information, answers were either not
provided or of insufficient quality. From a survey design perspective, it is paramount to
address this obstacle so that respondents feel incentivized to retrieve the relevant
information. This data could be used in an independent assessment to confirm that survey
answers pertain to devices that emit harmful levels of UV, and skin or eye exposure is
feasible by equipment design. A causal diagram presented in the supplementary material is
an example of the possible relationships that might underlie some of the findings presented
in the manuscript.
Future surveys on the role of misattribution in reported side-effects of UV-C devices
would benefit from measuring respondents’ exposure to media about the device, as well as
individual differences. For example, studies on misattribution and non-specific symptoms
have included Spielberger et al.’s (71) 40-item version of the State and Trait Anxiety Index
as well as Barsky et al.’s (72) Somatosensory Amplification Scale (73, 74) which assesses
one’s tendency to experience somatic sensations as distressing. Further research regarding
the role of perceived benefit and risk tolerance in this regard may be beneficial.
However, despite these shortcomings, we believe that this study offers valuable
insights into how consumers interpret side-effects after using UV-C devices. Therefore,
together with the aforementioned survey design criteria, this research lays fertile ground for
work in an emerging area where consumers balance the relative benefits and potential sideeffects from using UV-C devices available on the open market, and more broadly,
consumer products associated with some risk.
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Table 1. Summary of OPSS research Waves 1 – 5

Wave
1
2
3
4
5

Dates
April – July 2020
February – March 2021
May – June 2021
August 2021
November – December 2021

Sample size
3,811
2,261
10,296
309
10,187

No. of questions
2
6
26
42
12

Table 2. Demographic data of UV-C device owners (excluding Wave 4) PNT = Prefer not
to say, ABC1 = middle class C2DE = working class

Total
Gender
Male
Female
PNT/Other
Age
16-34
35-54
55+
Social
Grade
ABC1
C2DE

Wave 1
n
%
204 5%

Wave 2
n
%
437
19%

Wave 3
n
%
527
5%

Wave 4
n
%
309
-

Wave 5
n
%
688
7%

149
54
1

73%
26%
0%

308
126
3

70%
29%
1%

294
234

56%
44%

164
145
-

53%
47%

383
304
-

56%
44%
-

130
63
11

64%
31%
5%

265
131
41

61%
30%
9%

259
171
97

49%
32%
18%

129
117
63

42%
38%
20%

353
204
130

51%
30%
19%

115
89

56%
44%

249
188

57%
43%

303
224

57%
43%

163
146

53%
47%

363
325

53%
47%

Table 3. Demographic data of UV-C device owners who reported side-effects after use
(excluding Wave 1). PNT = Prefer not to say, ABC1 = middle class C2DE = working class

Wave 1
n
%

Wave 2
n
200

%
46%

Wave 3
n
%
159
30%

Wave 4
n
%
92
30%

Wave 5
n
%
254
37%

-

-

162
36
2

81%
18%
1%

93
66
-

58%
42%
-

54
38
-

59%
41%
-

153
101
-

60%
40%

-

-

132
64
4

66%
32%
2%

88
58
13

55%
36%
8%

52
37
3

57%
40%
3%

181
64
9

71%
25%
4%

-

-

123
77

62%
39%

88
71

55%
45%

59
33

64%
36%

142
112

56%
44%

Total
Gender
Male
Female
PNT/Other
Age
16-34
35-54
55+
Social
Grade
ABC1
C2DE

Table 3. Demographic data of UV-C device owners who reported side-effects after use
(excluding Wave 1). PNT = Prefer not to say, ABC1 = middle class C2DE = working class

FIGURE CAPTIONS

Figure 1. Type of reported side-effect after using UV-C device (N = 309). PNS = Prefer not
to say
Figure 2. Duration of reported side-effect after using UV-C device (n = 92)
Figure 3. Duration of reported side-effect after using UV-C device by type of side-effect (n
= 126). While 92 respondents reported at least one side-effect, n = 126 as some respondents
reported multiple side-effects. Counts are provided rather than proportions due to low
numbers.
Figure 4. Device type by reported side-effect (N = 309).
Figure 5. Length of time until reported side-effect appeared for each device (n = 92) Counts
are provided rather than proportions due to low numbers.
Figure 6. Extent to which warnings were reportedly seen by reported side-effect (N = 270)
Figure 7. Extent to which manual was read by reported side-effect (N = 309)
Figure 8. Perceived effectiveness of UV-C device by reported side-effect (N = 309)
Figure 9. Timeline of purchasing behaviour of UV-C devices (n = 646)
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Figure 1. Type of reported side effect after using UV-C device (N = 309). PNS = Prefer
not to say
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Figure 2. Duration of reported side effect after using UV-C device (n = 92)
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Figure 3. Duration of reported side effect after using UV-C device by type of side effect (n
= 126). While 92 respondents reported at least one side-effect, n = 126 as some
respondents reported multiple side-effects. Counts are provided rather than proportions due
to low numbers.
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Figure 4. Device type by reported side effect (N = 309)

Wand

Figure 5. Length of time until reported side effect appeared for each device (n = 92).
Counts are provided rather than proportions due to low numbers.
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6. Extent to which warnings were reportedly seen by reported side effect (n = 270).
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Figure 7. Extent to which manual was read by reported side effect (N = 309)
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Figure 8. Perceived effectiveness of UV-C device by reported side effect (N = 309)
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Figure 9. Timeline of purchasing behaviour of UV-C devices (n = 646)

