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Question: 

Is it acceptable and practical to use low intensity UV room lighting (in accordance with regulations on photo-biological safety (PBS)) during winter to prevent vitamin D deficiency in office workers, and what are the possible applications in other populations deprived of natural sunlight?
Objectives:

1. To determine proof of concept of low intensity UV light for avoidance and correction of vitamin D deficiency during winter.

2. To determine if low intensity UV lighting fixtures can be safely deployed in a normal working office.

3. To assess if the lighting is acceptable to volunteers and there is compliance with the intervention in desk based clerical staff during the study period.

4. To investigate if the required UV dose is received by participants throughout the study period, with minimal UV exposure to adjacent non-participants.

5. To investigate if there is an observable difference in 25OHD over the winter months between the intervention and control periods.

6. To assess the practicality of delivering the UVB intervention at STSFT and explore options to study other populations deprived of sunlight in a follow-on study of efficacy.

7. To assess recruitment of healthy volunteers, follow-up and response rates to measurement and timing of dose received.

8. To initiate  Patient and Public Involvement (PPI) in the research design and in a proposed follow-on trial.
What is the problem being addressed?

1. Adequate vitamin D is essential for general health, most well-known for its function in keeping bones, teeth and muscles healthy: the main source of vitamin D for most people is skin synthesis [1]. 7-dehydrocholesterol (7DHC) is photoconverted to pre-vitamin D in the skin by the action of sunlight containing UVB (short wavelength ultraviolet) radiation. During winter in UK, the small amount of UVB in natural sunlight exposure is insufficient to result in any biologically relevant quantities of vitamin D [2]. In order to protect musculoskeletal health, it is recommended that the serum 25(OH)D concentration (the accepted measure of vitamin D status) of all individuals in the UK should not fall below 25 nmol/L at any time of the year [1].

2. The Health Survey for England 2010 found that during winter, vitamin D deficiency affects 46% of people in the Midlands and North, and 38% in the South [3]. In addition to vitamin D deficiency diseases (rickets and osteomalacia), low vitamin D is linked with many chronic medical conditions including diabetes, hypertension, neurological disease and cancer [1]. Less severe vitamin D deficiency may lead to secondary hyperparathyroidism, bone loss, muscle weakness, falls and fragility fractures in older people [3].

3. The Scientific Advisory Committee on Nutrition (2016) recommends 10 ug/d (400IU) vitamin D through diet and an oral supplement for all adults throughout the year in the UK [4]. Dietary sources of vitamin D are limited and self-medication with oral vitamin supplements generally has low uptake and poor compliance [5-7], therefore 400IU may be an unrealistic target for many people.

4. Many adults over 50 years are eligible for treatment for osteoporosis and a population wide approach to correction of vitamin D may be useful for older people at northern latitude. [8-10].

5. Many studies have shown that artificial UVB irradiation will induce photoconversion of 7DHC to pre-vitamin D. The spectrum and intensity of sources can vary widely, but for example it was estimated that UVB from a

phototherapy source was at least 8 times more effective than solar UVB [11]. Elsewhere seven consecutive days of artificial narrow band UVB (NB-UVB) to face and arms, approximately equivalent to 25 minutes of UK summer sunlight, produced a mean increase of 11.0nmol/L in 25(OH)D with minimal erythema [12].

6. These beneficial properties of UVB to prevent vitamin D deficiency during winter time in the UK warrants further exploration. However, excessive UV exposure increases the likelihood of skin cancer, premature skin aging and

cataracts [13]. The spectrum for photoconversion of 7DHC overlaps with that for DNA damage, therefore optimal exposure to UV radiation (natural or artificial) should be balanced to stimulate 7-dehydrocholesterol without causing skin erythema.
Importance of the research and its relevance to priorities and needs of the NHS:

1. Aging: plasma 25OHD concentration <25 nmol/L affects 17-24% in those ≥65y, and nearly 40% of institutionalised adults [8]. Falls, frailty and fracture prevention are key areas for many health economies aiming to reduce the growing health and social care cost burden.

2. Osteoporosis: adequate supplementation of calcium and vitamin D is indicated for everyone over 50 with greater than 1% risk of fracture [15], particularly  those receiving osteoporosis treatment [17].

3. Low intensity UV lighting: once installed could effectively bring the benefits of natural sunlight associated with UV inside and support many thousands of people over the years to maintain vitamin D levels in winter time, without any oral supplements, thus potentially saving a great deal in medication. 

4. Public perception: adverse effects of sunlight exposure, disease associations with low vitamin D, and nonspecific symptoms such as muscle pains, fatigue and poor concentration, have caused rising demand for primary care consultations, blood tests and prescriptions for vitamin D supplements [18].

5. Costs: There is a need for more cost-effective solutions (serum 25OHD costs £17/ test, treatment of vitamin D deficiency costs £50 for a 12-week course of

supplements, treatment of severe vitamin D deficiency up to £2,500) [19].
Anticipated outputs:
In the proposed study we will investigate whether low intensity UV exposure (up to 0.7 SED given over 8 hours) is able to stimulate photoconversion of vitamin D. We estimate this dose is approximately equivalent to 10mins UK summer sunlight exposure during an average mid-October day at noon in the UK thereby abating the risk of skin erythema, photokeratitis and cataract formation. For this proof of concept study, we have chosen a specific subgroup (desk based clerical staff) because the subjects are likely to comply with the UV dose, being sedentary at their desk for most of the working day. 
Review of existing evidence:

1. There is good evidence that correcting vitamin D is essential in osteomalacia, and is likely to be beneficial in osteoporosis. Correction of vitamin D deficiency is required before starting osteoporosis treatment.
2. Low intensity UV lighting may improve vitamin D status across the population. Although there will be a cost to the lighting, once installed it would effectively ‘treat’ many thousands of people over the years, thus potentially saving a great deal in medication and treatment of bone disease.

3. After simulated summer exposures to 6 weeks UV treatment (1.3 standard erythemal dose (SED), three times per week), while wearing t-shirt and shorts, 90% and 26.2% of participants in Manchester, UK, reached sufficient and optimal 25(OH)D, compared to only 37.5% and 2.9% at baseline respectively [20]. These studies began in January when vitamin D status was close to the winter nadir. Additionally, 1.3 SED exposures provided to adults of South Asian ethnicity gave a mean increase in 25(OH)D of 4.3 compared with 10.5 ng/mL in the white ethnicity group, suggesting that sunlight exposure recommendations in the UK may need adjustment for different ethnic groups [21]22].

4. A review of previous published studies with UV light sources (controlled and uncontrolled, single centred studies) suggests that exposure to very low intensity narrow band UVB (i.e. significantly less UV than monthly ambient doses from sunlight in the UK) may be adequate for maintenance of normal healthy vitamin levels throughout winter [23, 24].

5. Plotting different studies of UV light and the 25OHD response (re-calculated to 100% body exposure) demonstrates a good correlation between total dose exposure and 25OHD response (see graph).

6. Bogh et al. [25] claimed that to maintain healthy levels of 25OHD, only 50% of the UVB dose required to correct vitamin D deficiency is needed. Based on the dose response curve and the Bogh calculation, we suggest that daily exposure of doses significantly less than 1 SED to 15% body surface area (face and arms) could maintain serum 25OHD at healthy levels without oral supplementation in individuals with suitable skin type. (N.B. Bogh uses a higher limit for vitamin D deficiency than suggested by SACN but the calculation provides guidance on the relative change in circulating 25OHD).

The value added by this research:

1. Artificial UVB radiation is known to increase vitamin D status but previously limited to specialised use and not available in a normal working environment, mainly for fear of over-exposure and due to operational restrictions.

2. This novel lighting system designed expressly for long-term (8–hour day), low intensity exposures is designed in accordance to regulations on photo-biological safety (PBS) and supplies radiation that should initiate vitamin D synthesis in unprotected skin.

3. If confirmed, and vitamin D synthesised is sufficient to correct summer status throughout the winter months, then we have identified a viable solution to a major health concern for large parts of the population.

4. The proof of concept study will determine whether the new lamps work as intended in a normal office situation (activities, clothing, working day), whether they are acceptable to working staff, and whether there are any unforeseen adverse effects. If outcomes are positive then the technology will be open to wide scale trials and testing.
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Effect on Environmental Surface Contamination

Epidemiological studies suggest the seasonal variation in respiratory infections including influenza A is largely independent of physical factors such as temperature and humidity and may be in part due to seasonal changes in solar ultraviolet radiation (32, 33, 34). During the 2020 pandemic, World Health Organization data indicates 28 of the 30 countries with highest COVID-19 infections, were at northern latitudes where it was winter (35). The rapid expansion of COVID-19 even after quarantine and social distancing measures, suggests that environmental factors including contamination of surfaces will play a role in disease transmission. In a previous report, artificial UVC radiation prevented the spread of influenza among patients in a veterans’ hospital during an epidemic compared with similar patients in nonirradiated rooms (36). It seems clear that UVC is germicidal and the wavelength most active against RNA viruses is around 250-255 nm. What is not known for certain is how effective UVB might be at inactivating virus. Since UV sensitivity depends on genome size, coronaviruses including MERS, SARS-COV2,  causing 15–20% of all upper respiratory infections, may be twice as sensitive to ultraviolet compared with Influenza A whose genomes are 2.2 times shorter (37, 38). SARS-CoV-2 persists in a viable state from 3 h to 3 days depending on the type of surface on which it is deposited (39, 40), and estimation of UV flux for the two-hour period around solar noon suggests that 30 minutes sunlight exposure at the latitude of London UK during summer will inactivate 90% of infectious SARS-CoV-2 virus (41). However, this model which was developed for biodefense purposes to estimate solar UVB inactivation (42) predicts that the UVB flux provided by the desk lights (0.16 J/m2 /min) will not be sufficient to inactivate SARS-COVID-2 90% (10% survival). However, the spectrum of test luminaires is very different to that of sunlight, and testing for diminution of virus concentration on surfaces is a valuable adjunct to the existing trial.
Safety Considerations:

The luminaire emits visible and a very small amount of invisible (UV-B) irradiation conforming with the natural exposure of skin and eye to daylight ; yet with irradiance levels far below daylight or used for light therapy to treat e.g. psoriasis. A previous study shows no increased risk of skin cancer in patients receiving UVB treatment for psoriasis which used a  significantly higher doses than we are proposing (60-80 SED. (27)It is non-invasive. Respecting the indicated minimum application distances (80 cm) keeps the Actinic UV exposure within Risk Group Exempt limits, which allows for a continuous exposure of 30000 sec per day (8 hrs. and 20 minutes). The device will be used in a standard office environment with light level at desks reaching 500 lux (conforms to office standards) which makes the luminaire safe to use as described in the photobiological safety photobiological hazard (European directive 2006/25/EC) and the device can be regarded as exempt according to IEC 62471 .

The prototype is calibrated at safe light output values when used as intended. However, the prototype is categorised as RiskGroup 2 (photobiological safety) and as such the luminaire prototype is labelled to inform users about the safe distance levels and people in the office will be instructed not to look into the luminaire at close distances.

In more detail: Respecting the indicated minimum application distances (80 cm) in this manual keeps the Actinic UV exposure within Risk Group Exempt limits, which allows for a continuous exposure of 30000 sec per day (8 hrs. and 20 minutes). Being at a closer distance (35 cm) to the luminaire would lead to Risk Group 1, which allows for a continuous exposure of 10000 sec per day (2 hrs. and 45 minutes). At distances closer (looking and staring into the luminaire at close distance) than the indicated 35 cm, a continuous exposure of the luminaire of 1000 sec per day is allowed (15 minutes), but this should be avoided. The users of these luminaires should be informed about these safety distances and should be instructed to remain at the application distances throughout the use of the luminaires.   

Proposed Study:

This is a Randomised, Placebo Controlled Double Blinded Trial (RCT) to investigate if low intensity UV room lighting can be used during winter to prevent vitamin D deficiency in office based volunteers and explore options to study low intensity UV light in other populations deprived of natural sunlight.

A dose of 0.7 SED narrow band UVB/8 hours will be administered over 37.5 hours per week for eight weeks using the modified desk lights compared with a control period of 8 weeks when subjects will use physically similar but unmodified (dummy) desk lights and receive only normal background UV exposure during winter (see figures 1 and 2). Subjects and researchers will be blinded to their treatment allocation. The 20 modified and control luminaires will be randomly coded and labelled Lum1- Lum20 by Signify, and the device codes will be sent to Dr Nan Lin who will allocate each recruit a study number and a device code for Periods 1 and 2 ensuring the crossover and matching Groups A and B for gender. The study coordinator and the recruits will be blinded to the device codes throughout the study, and the collected data (clinical and dosimetry) will be sent to Dr Lin for analysis
Subjects will be advised to wear short-sleeved shirts in the office to expose 15% body surface area. The low intensity NB-UVB will be administered using ten prototype freestanding lighting units based on an existing CE marked lighting product. Participants will be healthy volunteers working at Sunderland Royal Hospital aged over 18 years old. During the intervention and control periods there will be four-weekly measurements of serum vitamin D metabolite (25OHD) and weekly measurement of UV exposure using personal dosimeter badges.

Study period (October 2021- April 2022): 
A randomised placebo controlled crossover study of 20 clerical staff using the ten prototype units, and ten physically similar commercial lighting units consisting of 8 weeks exposure to low intensity UV, and 8 weeks natural UV background exposure with weekly UV dosimetry measurements and 4-weekly serum 25OHD (16 weeks in total) with a four week holiday period between treatments.   Ten subjects will receive low intensity UV exposure for 8 weeks prior to 8 weeks natural UV background exposure, and ten subjects receive low intensity UV exposure following normal background exposure.
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                         Figure 1                                                              Figure 2
Study Flow chart

[image: image4.png]May —August 2021

September 2021

period 1 October 2021

December 2021

January 2022

Period 2

March-April 2022

Recruitment 20 desk based office workers from participating
departments and STSFT intranet advertisement

bilty: skin type, baseline 250HD<S0nmol/I, not
taking vitamin D supplements

Randomisation (age, sexand 250HD matched groups)

Install commercial and vitamin D lighting, and
Radiometry measurements

Group A: 10 participants Group B: 10 participants
receive wtamin O lighting receiue commercia ghting
fors weeks or8 weeks

Interim analysis, blinding questionnaire, semi structured interview
Crossover: Reinstallation of lighting smdiometery

Group B: 10 participants
receive vitamin D lighting.
forBweeks

Group A: 10 paricipants
receive commercial lighting.
forBweeks

Final analysis blinding questionnaire, semi structure interview

Removal of lighting aratiiometery




Participants:
20 desk based healthy volunteers aged over 18 years old  at City Hospitals Sunderland will be invited to participate by email by the study coordinator. Respondents will be screened for inclusion and exclusion criteria and signed written consent form if suitable after reading the Patient Information Leaflet (PIL). A log of all patients screened but not recruited (with the reason) will be kept by the coordinator.
Recruitment:

An email to advertise the study will be circulated to suitable desk based  staff  during summer 2021. Interested subjects meeting initial criteria (desk based most of the day, not taking oral vitamin D supplements, not using sunbeds and not planning sunny foreign holidays during the study period) will be asked to contact the coordinator. Respondents will be given study literature at least 24 hours before screening for the inclusion and exclusion criteria. Suitable subjects meeting the criteria will be recruited by signing the study consent form.
Fitzpatrick Skin Type:

Only individuals with skin types II (usually burns and tans minimally) and skin types III (sometimes mildly burns and tans uniformly) will be selected by the study coordinator.

Inclusion Criteria:

1. Age over 18 years old

2. At least 50% of the working day (>18 hours/week) sedentary at desk base

3. Normal serum calcium, phosphate and alkaline phosphatase

4. Not currently taking oral vitamin D supplements

5. Not planning to go on any foreign holidays

6. Not a sunbed user

7. Fitzpatrick skin types II and III

8. Medically fit

Exclusion Criteria:

1. Pregnancy

2. Patients with malignant skin conditions

3. Patients with a first degree relative who has suffered from malignant skin conditions

4. Photosensitive medical conditions or photosensitising drugs
5. Unstable chronic medical conditions including inflammatory and malignant diseases

6. Planned use of sun beds or sunny foreign trips during study period
7. Currently taking oral vitamin D supplements

8. Individuals with severe vitamin D deficiency (hypocalcaemia, hypophosphataemia or raised alkaline phosphatase
UVB Intervention:

Daily exposure to up to 0.7 SED narrow band UVB per eight hours +/- 15% over 37.5 hours per week to desk based clerical and secretarial staff  at Sunderland Royal Hospital using ten prototype low intensity UV desk lights (modified “smart balance” free floor standing lighting units) for eight weeks. The lighting unit is programmed to switch on at 08.50 and switch off at 17.15 hours. Subjects will keep a diary of time spent at desk each day, and the clothing worn (short or long sleeves). Subjects are advised not to look directly at the light fitting.
UV dosimetry:
UV exposure (SED/week) will be measured using personal polysulphone dosimetry badges and electronic tracking devices worn by participants and non-participants sitting at adjacent desks. Dosimetry badges will be changed each week and sent to University of Manchester each week for analysis.

Each subject will be given a new badge on the first day each week, and a SAE to send the previous weeks’ badge for analysis. The weekly polysulphone badge measurements will be compared with the personal electronic trackers which provide a continuous readout of UV exposure.

UV exposure time:

Because the major determinant of UV exposure will be time spent at desk each week, this will be recorded using a diary, in which subjects will record start and finish times and breaks over 15 minutes. The exposure time will also be estimated using the personal electronic trackers.
Protocol violations:

The intended daily UV dose for participants is up to 0.7 SED/8hours +/- 15%. Doses significantly greater or less (adjusted for time spent at desk) will be reported to the study team for review of the light source, and adjustment of the lighting and/ or office furniture where necessary with repeat measurement to confirm compliance with the protocol.

Subjects at adjacent desks receiving consistently more than 0.07 SED+/- 15% will be reported for adjustment of the office furniture where necessary and repeat measurements to achieve compliance with protocol.

Other violations: 

Unexpected use of sunbeds, oral vitamin D supplements and sunny foreign holidays during the 16 week study period will be documented in the study file, and the study team will decide whether to withdraw that participant from the study.

Vitamin D Intake:

For each participant, dietary intake of vitamin D during the study period will be measured by the coordinator using a validated questionnaire.

Adverse Events:

Skin erythema and possibly polymorphic light eruption. All adverse events will  be recorded in a diary and participants will have access to a telephone helpline. The study coordinator will inform the study steering panel who will review bimonthly. Significant skin or eye irritation noted by a participant will be fully investigated during which the trial may be suspended if the adverse event is thought to be UV related.
Vitamin D Measurements:

25OHD and bone chemistry will be measured at baseline, and every four weeks during the 20 week study period (8 weeks low intensity UV light, 8 weeks normal seasonal background exposure) at the clinical pathology laboratory Queen Elizabeth Hospital Gateshead.

Health status:

Subjects will complete an SF36, and Epworth Sleepiness questionnaire pre and post low intensity UV exposure. The SF36 is validated for longitudinal studies, and includes items for psychological status, energy and fatigue and joint and muscle pains, all of which may be influenced by 25OHD, the Epworth will measure sleepiness scores before and after the UV intervention.
Acute respiratory tract infection (RTI) symptoms

Subjects will complete a diary of RTI symptoms (cough, sneezing, nasal symptoms, sore throat, headaches, muscle aches, breathlessness, tight chest or wheezing, high temperature and feeling generally unwell) to determine incidence of upper and lower RTI, and whether medical advice was sought and treated with antibiotics. Subjects will be asked to record a previous diagnosis of asthma, chronic obstructive pulmonary disease and whether they had the influenza and COVID vaccination.

Surface swabs (funding dependent)
The surface swabs will be taken at the beginning, mid point and end of study periods 1 and 2 (6 swabs per participant) using nylon swabs immersed in viral transport medium (VTM) before sampling. The sampling will take place towards the end of the work shift (after 1600 hours), and participants will be advised not to clean the surfaces with virucidal detergents on the day of sampling. The standard sampling area size will be 10 × 10 cm (swab applied in horizontal followed by vertical and diagonal sweeps) for computer keyboard, or telephone keypad and swabbing the entire touchable surface of a computer mouse. The swab will be immediately placed into 1 ml of VTM. All samples will be transported refrigerated and stored in refrigerator at approximately + 4 °C for short-term storage (maximum 24 h), and then frozen at approximately − 60 °C for extended storage before nucleic acid extraction and virus detection. 
Once external funding is secured, all samples will be tested by real-time polymerase chain reaction (real-time PCR) tests for seasonal influenza A and B viruses, respiratory syncytial virus, and coronavirus with the specific subtypes and strains for testing guided by patterns of virus prevalence during winter 2021/22. The samples will be tested using the regionally accredited Cepheid PCR platform at Queen Elizabeth Hospital, Gateshead UK. The frequency of environmental contamination with different viruses in this hospital office setting is unknown, however a previous report showed 10% environmental swabs contaminated with respiratory viruses. The positivity rate may correlate with the number of patients that have the relevant infection who are passing through the hospital area and how soon afterwards the environmental samples are taken. Therefore our testing will commence with the Cepheid testing as above and consider extending to Biofire if the incidence of positive environmental samples is too low.
Acceptability:

All subjects will be invited to participate in a semi structured interview (either individually or in groups depending on preference) using specific probes in a separate room with audio recording facilities (see topic guide) conducted by the coordinator at the end of period 2. The interview recordings will be transcribed and subject to thematic analysis.
Outcomes:

1. Weekly UV doses from polysulphone badges and electronic UV trackers adjusted for time spent at desk (primary outcome).

2. Total UV exposure time per week

3. Serum 25OHD measurements at baseline, and every four weeks 

4. SF36 and Epworth sleepiness scores 
5. Adverse effects related to UV exposure and interview feedback on acceptability.

PPI:

Office workers from STSFT will be invited to attend an open day (within Trust clinical governance requirements) to educate about the risks and benefits of low intensity UV light and involve potential participants in the implementation and delivery of the study. A steering panel of at least 5 office workers will be invited to participate in monthly progress meetings during the course of the study.
With regards to studying low intensity UV lighting in other populations deprived of sunlight, the steering group of investigators will formulate a strategy to confirm efficacy and practicalities of the intervention in a suitable residential population. 

Analysis:

The primary objectives of the pilot study are descriptive i.e. to determine whether the lighting can be safely deployed, is it acceptable and is it a practical way to deliver the intended UV dose consistently in healthy individuals in an office setting. Low intensity UV treatment is likely to produce a vitamin D response, and healthy individuals will reliably report any other relevant symptoms (favourable or unfavourable) which may be related to UV exposure. Estimation of 25OHD effect size and standard deviation with UV intervention will be determined, noting that mathematical modelling predicts serum 25OHD will increase from a baseline of 40nmol/l to greater than 50nmol/l within 3-4 weeks treatment with 0.5SED/day and be maintained at that level throughout the 8 weeks treatment period [28].

The proposed study design is AB/BA crossover. Stratified or/and minimisation randomization will be used to allocate the participants into two groups based on the key covariates such as gender and age. In Period 1, Group A is under the intervention of UV light and Group B is under the intervention of placebo light. In Period 2, Group A is under the intervention of placebo light and Group B is under the intervention of UV light. There is a 4 weeks’ holiday period between Period 1 and 2. Interim analyses will be carried out every 4 weeks throughout the study to estimate and test the effectiveness of the UVB intervention with its trend over time, and the potential carryover effect with it’s attenuation and duration. The methods of analysis will be CROS, PAR and SEQ as detailed (29), where CROS is the usual cross-over analysis using the data of Period 1 and 2 and PAR is the parallel analysis using only the data from Period 1. Two tailed statistical test at 5% significance level will be used to test the existence of carryover effects. One tailed tests at 2.5% significance level will be used to test whether the UVB intervention and its potential carryover effects have positive effects on serum 25OHD.
There is no existing literature on the carryover effect and wash-out period of the UV intervention. Once the UV intervention ceases, any vitamin D source will revert to the usually small and consistent dietary intake during the winter months (<400iu [43, 44]) and 25OHD status is expected to decline.

It is known that vitamin D can be stored in the body, and vitamin D status at a given time is the cumulative result of vitamin D sources, storage and spend over several weeks prior to the measurement of 25OHD. Since Group B (intervention) should have a higher 25OHD status than Group A at the end of Period 1 they might be expected to retain that higher (but declining) status at the start of Period 2. Since they are acting as their own control for Period 2 (as are Group A) this does not negate the crossover design that looks for change in 25OHD with/without UV
As response to increased vitamin D supply, or cessation of vitamin D supply, is to some extent dependent on initial 25OHD status, we will include the initial status of 25OHD (of Period 1 and 2) as variables in the statistical models to estimate the effects of initial status of 25OHD on the changes of 25OHD and its possible interaction with UV intervention. The effect of initial 25OHD status cannot be considered as a carryover effect of UV intervention. 
Even in the unlikely situation that a carryover effect exists, our PAR analysis can still provide a consistent estimate for the UV effect. We will also use SEQ method to estimate the potential carryover effect with its attenuation and duration. These results will provide important information about any carryover effect and washout period for future studies. 
We calculated the sample size large enough for both the PAR and CROS analyses at 5% significance level and 80% power with the assumptions that the UV effect on 25OHD is 6.2 nmol/l. The assumptions were made based on existing literature and experts’ knowledge. Should the sample size not be sufficient, the results of this pilot study can provide information of adequate sample size for future studies. 
Amendment to the existing study protocol will allow reporting of respiratory symptoms which will be analyzed using CDC/ NHSN Surveillance definitions January 2021 (30). Upper respiratory tract infections must meet at least one of the following criteria: 
1. At least two of the following signs or symptoms: fever (>38.0°C), erythema of pharynx, sore throat, cough, hoarseness, or purulent exudate in throat and at least one of the following: 
a. organism(s) identified from upper respiratory site [specifically: larynx, pharynx, and epiglottis] by a culture or nonculture based microbiologic testing method which is performed for purposes of clinical diagnosis or treatment. 
b. diagnostic single antibody titer (IgM) or 4-fold increase in paired sera (IgG) for organism. 
c. physician diagnosis of an upper respiratory infection. 
Viral swabs from high frequency touch surfaces will be analyzed by RT-PCR (see above comment regarding use of Cepheid or Biofire platforms). The study will have 80% power to detect an approximate 50% reduction in viral surface contamination during UV exposure if 400 swabs are taken during the active and 400 swabs are taken during the placebo phase, assuming the positivity rate in the placebo group is 10% (31).

After the study, the performance and safety of the prototype units will be reviewed by the study team, and adjusted for future studies if necessary. Statistical assistance will be sought to determine whether to proceed with further study in the target population, and the appropriate sample size to measure a significant benefit.  Proposed follow on criteria for further study (which may be changed later) include

1.
80% of dosimetry readings achieve 0.7 SED +/- 15% per day adjusted for treatment duration (time spent at desk).

2.
Overspill to adjacent subjects less than 0.07 SED +/- 15% after adjustment of office furniture where necessary.

3.
Favourable comments from participants, or if less than favourable, may be corrected by modifications to the prototype.

4.
No adverse effects related to UV exposure.

5. 
Identification of suitable site and subjects for the follow-on study

6.
Detection of a signal of efficacy (such as increase in 25OHD to above 50nmol/l), or maintenance of 25OHD during the exposure period (rather than the expected decline in the winter months.
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