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Abstract
Far-UVC light (wavelengths 207–230 nm) can be used directly overhead and has 
germicidal capabilities to improve indoor air quality. This study evaluates the cost–
benefit analysis of implementing far-UVC devices in various settings in Switzerland 
and Germany. To our knowledge, this is the first study to model the feasibility of 
direct-acting UVC light in occupied settings, diverging from the consensus on the 
use of upper-room germicidal UVA and UVB systems. We used the CERN Airborne 
Model for Indoor Risk Assessment (CAiMIRA) to model infection risk reduction 
in restaurants, offices, and waiting rooms, considering factors such as room size, 
occupancy, and ventilation rates. Three scenarios were analysed: a normal winter (22 
weeks), a COVID-19-like pandemic (4-week wave), and a severe pandemic (8-week 
wave). Avoided infections were translated into healthcare, economic, and quality-
adjusted life years (QALY) metrics. Costs included purchasing, installing, maintaining, 
and operating UVC lamps. In Switzerland, cost–benefit ratios ranged 30–290 
during a normal winter, 65–430 during a COVID-like pandemic, and 2,300–20,500 
during a severe pandemic. In Germany, cost–benefit ratios ranged 10–110 during 
a normal winter, 30–190 during a COVID-like pandemic, and 1,000–9,000 during a 
severe pandemic. Far-UVC lamps are a highly cost-effective solution for societies 
during normal winter and pandemic scenarios. Future studies should focus on 
implementation in the settings studied; they seem to represent a safe and effective 
measure for infectious disease control, but need real-world validation.
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1. Introduction
Ultraviolet light has been investigated as a disinfection technology for the past century, 
but its use indoors has been limited to indirect, upper-air disinfection due to concerns 
about excessive UV radiation exposure (Hessling et al., 2021; International Commission 
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on Non-Ionizing Radiation Protection [ICNIRP], 2004; 
Park, Mistrick, & Rim, 2022; Reed, 2010). Far-UVC light 
falls within the 207–230 nm wavelength range and is of 
interest for its ability to be used directly overhead while 
retaining germicidal capabilities (Truong et al., 2023; 
Welch, Aquino de Muro, et al., 2022). Indoor environments 
are particularly conducive to the transmission of airborne 
pathogens, contributing to the propagation of infectious 
diseases. For example, over 90% of SARS-CoV-2 infections 
occurred indoors (Bulfone et al., 2021). Since many 
people spend most of their time indoors, technologies to 
improve indoor air quality are crucial for mitigating the 
transmission of pathogens (Saravanan, 2004; Simoni et 
al., 2003). Far-UVC light, with wavelengths between 200 
and 230 nm in the UV spectrum, represents a promising 
approach for real-time infection mitigation (Eadie 
et al., 2022). Lights directly overhead in busy indoor 
environments provide an opportunity to neutralise 
the threat posed by pathogens as they emerge from a 
contagious person. The duration of exposure to UV light 
required to break down pathogenic DNA or RNA depends 
on many factors, including transmission dynamics and the 
specific pathogens involved (Hessling et al., 2021; Naito et 
al., 2022; Truong et al., 2023).

Indoor air technologies provide effective mitigation 
of disease transmission when used in combination. The 
cornerstones of indoor air quality technology are:

•	 Ventilation improves air quality by moving air, either 
naturally or mechanically. It depends on a reasonable 
frequency of air changes to reduce respiratory airborne 
particle accumulation (Li et al., 2007; Park, Mistrick, 
& Rim, 2022).

•	 Filtration physically removes particulate matter and, 
in some cases, pathogens through different materials 
and processes (Dubey et al., 2021).

•	 Upper-air UV germicidal light is typically used 
indirectly in upper-room levels or as part of an 
air conditioning system, as the high wavelength 
is dangerous for human exposure (United States 
Department of Health and Human Services & Centers 
for Disease Control and Prevention [CDC], 2009; 
Park, Mistrick, & Rim, 2022).

Far-UVC light adds to this repertoire as it can be 
installed overhead in occupied indoor spaces due to its 
enhanced safety profile.

Far-UVC light is effective at inactivating airborne 
viruses, such as influenza viruses and SARS-CoV-2, by 
damaging their proteins and nucleic acids (Blatchley et 
al., 2023; Naito et al., 2022; Welch, Buonanno, et al., 2018; 
Wigginton et al., 2012). Non-enveloped viruses with robust 
capsid proteins require higher doses and longer exposure 

times to achieve similar inactivation levels (Ma et al., 2021). 
There is variation among pathogen types and even strains; 
however, consistent antimicrobial activity is demonstrated, 
and it may take longer to reduce the pathogen load in the 
room (Eadie et al., 2022; Hessling et al., 2021).

The ICNIRP has recommended exposure limits for UV 
radiation to protect the skin and eyes: a dose limit for 222 
nm far-UVC light of 240 J/m2 (24 mJ/cm2) and an exposure 
time limit of 8 h/day and 40 h/week (ICNIRP, 2004). 
The ICNIRP exposure limits serve as the basis for the 
European standards (European Commission, 2011), which 
are based on recommendations from the 1970s (Far UV 
Technologies, 2021; Sliney & Stuck, 2021). Based on safety 
studies from the last decade, the American Conference 
of Governmental Industrial Hygienists (ACGIH) raised 
its recommendations in 2021 (ACGIH, 2021; Far UV 
Technologies, 2021; Sliney & Stuck, 2021). Now, for UVC, 
the threshold limit values are 250 mJ/cm2 at 180 nm and 
3.1 mJ/cm2 at 275 nm, which are comparable to the ICNRP 
guidelines (Environmental Health & Safety, n.d.).

There have been numerous studies evaluating the 
effects of far-UVC as a potential carcinogen, with results 
demonstrating absorption within the outermost layers 
of the skin and eyes, and no increased risk (Hessling et 
al., 2021; Welch, Aquino de Muro, et al., 2022; Yamano 
et al., 2020). A key safety consideration for far-UVC is 
whether a filter to remove longer wavelengths of light is 
included (Eadie et al., 2022). There may be unknown 
longer-term effects of far-UVC exposure, for instance, on 
the skin microbiome and immune system, which remain 
underexplored (Maverakis et al., 2010; Patra et al., 2020). 
Additionally, standard UV safety measures for installers 
and maintenance personnel with high occupational 
exposure would be recommended for new or faulty devices 
(United States Department of Health and Human Services 
& CDC, 2009).

Furthermore, far-UVC light can interact with 
atmospheric molecules, such as oxygen and volatile organic 
compounds, leading to the formation of ozone and harmful 
radicals indoors (Graeffe et al., 2023; Link et al., 2023; 
Peng et al., 2023). Directive 2008/50/EC mandates ozone 
concentration limits of less than 120 μg/m3 over an 8-h 
average period (European Parliament, 2008). Monitoring 
of ozone precursors, such as nitrogen oxides and volatile 
organic compounds, is required to ensure compliance 
with air quality standards. Initial data show that minimal 
ventilation is required to mitigate the effects of far-UVC 
on indoor particulate matter, although this is reliant upon 
a low external ozone concentration (Park & Rim, 2024). 
In brief, adherence to the ICNIRP limits for far-UVC 
usage in combination with ventilation appears reasonably 
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practicable and safe based on current understanding.

The increasing risk of emerging infectious diseases 
and recent experience during the COVID-19 pandemic 
underscore the importance of measures to reduce 
transmission in indoor settings (Mahon et al., 2024). 
Studies have demonstrated great variation in the efficacy 
of personal protective and environmental infection control 
measures (Fadlallah et al., 2024; Sachs et al., 2022).

Slowing early transmission is a crucial first step 
in epidemic and pandemic responses (Sachs et al., 
2022). However, emerging or newly mutated pathogens 
often spread before relevant mitigation measures are 
implemented. To give time for pathogen-specific responses, 
such as vaccination, to be enacted, non-pharmaceutical 
interventions, including restrictions on movement, social 
distancing, and mask wearing, can be implemented, but are 
subject to individual compliance (Cowling & Aiello, 2020; 
Sachs et al., 2022). Far-UVC may complement existing 
non-pharmaceutical intervention options by reducing 
pathogen load indoors without being as disruptive as those 
interventions. Furthermore, there can be flow-on benefits 
for other infectious diseases, such as seasonal colds and 
influenza, following non-pharmaceutical interventions.

Far-UVC represents a novel component for pandemic 
preparedness and response. As part of a comprehensive 
approach, far-UVC may complement other public health 
measures in prevention, mitigation, and response efforts to 
disease outbreaks. This study adds to the existing literature 
by addressing whether investments in mitigating indoor 
infections using far-UVC provide worthwhile returns in 
Switzerland and Germany. Previously, the cost–benefit 
ratios associated with the utilisation of far-UVC light had 
not been determined. To our knowledge, this is the first 
study to model the feasibility of direct-acting UVC light in 
occupied settings, diverging from the consensus on the use 
of upper-room germicidal UVA and UVB systems. Here, 
we aim to lay a foundation for further research and inform 
policymakers about the predicted costs and effectiveness of 
far-UVC technology.

2. Data and methods
2.1. Methodology

This study used cost–benefit analysis to assess the relative 
impact of implementing far-UVC devices in common 
settings in Switzerland and Germany. Using the CERN 
Airborne Model for Indoor Risk Assessment (CAiMIRA), 
we evaluated the expected changes in infection risk from 
the introduction of far-UVC lamps, ensuring they remain 
within the allowed exposure limit of 8 h. (Henriques et 
al., 2022). CAiMIRA is a model of airborne pathogen 

transmission in indoor settings that quantifies the risk 
of long-range airborne transmission of SARS-CoV-2, 
enabling the assessment of workplace protective measures. 
This has since been adapted to power the World Health 
Organisation’s Indoor Airborne Risk Assessment (ARIA) 
tool (World Health Organisation, 2024).

2.2. Choice of setting

Germany and Switzerland were chosen because they 
represent contexts in which the authors have an in-depth 
understanding of individual and government behaviour. 
In this cost–benefit study, we focused on three specific 
environments: restaurants, offices, and waiting rooms in 
hospitals and doctors’ offices. Our selection was based on 
the undesirability of mask use in restaurants and offices, 
and on the higher likelihood of contagiousness and the 
presence of more vulnerable individuals in medical waiting 
rooms. Also considered was the frequency with which a 
typical person would encounter the spaces; thus, we avoided 
custodial settings, for instance, which also had very high 
transmission risk (Kinner et al., 2020; Pearce et al., 2021). 
We excluded schools, despite their documented high 
incidence during initial epidemic phases, as we considered 
it unlikely that schools would be the first places to trial a 
new technology, both due to the increased vulnerability of 
children and their inability to provide consent (Banholzer 
et al., 2023; Mossong et al., 2008). These settings align 
with CDC recommendations for selecting locations for 
upper-room UV germicidal irradiation and priority spaces 
identified in the literature, and are extrapolated to use 
cases for far-UVC (CDC, 2021). 

2.3. Parameters used 

To model the impact of introducing far-UVC lamps, we 
defined specific parameters for each environment, as 
described in Table A1. These parameters included room 
size, number of people, number of infected people, duration 
of stay, and activity level). The parameters were based on a 
combination of published literature (including time-use 
surveys) (Destatis, 2024). The number of infected people 
was varied to reflect different levels of population incidence 
based on the Robert Koch Institute’s COVID and influenza 
reports (Robert Koch Institute (2021), 2023a, 2023b, 
2026). Additionally, we assumed a general ventilation rate 
of 5 air changes per hour (ACH) in all rooms, reflecting a 
blend of mechanically ventilated and naturally ventilated 
rooms (Dimitroulopoulou & Bartzis, 2013). While there 
are guidelines on recommended ventilation rates in the 
new building code, this assumption was constrained by 
limited existing studies on ventilation in existing buildings. 
A decision was made to estimate 5 ACH due to the number 
of variables in the remaining modelling in this study.
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The chosen settings aim to depict a wide variety of the 
most common restaurants, offices, and waiting rooms in 
Germany and Switzerland. Regarding restaurants, we 
modelled a regular medium-sized restaurant (100 m2), 
an Irish pub (120 m2), a large fast-food chain restaurant 
(180 m2), and a queue for takeaway lunch in a fast-food 
restaurant. For the waiting rooms, we selected general 
practitioner, clinical, and emergency department waiting 
rooms. The office scenarios represent a small (20 m2, 3 
desks), a medium-sized (50 m2, 8 desks), and a large open-
floor office (100 m2, 20 desks). All our chosen examples 
were based on reference places, personal measurements, or 
expert knowledge. 

The lamp details used for modelling corresponded to 
those of the currently available 115 mW Krypton Chloride 
Excimer lamps (UV222, UV Medico, Denmark). The 
number of UV lamps was adjusted relative to the room 
volume to achieve the recommended coverage, as per the 
published literature. 

We defined the prevalence of infectious individuals 
in indoor settings based on community respiratory 
disease incidence rates from the Robert Koch Institute. 
We considered three scenarios: a normal winter with 
mainly influenza and common colds lasting 22 weeks; 
a COVID-19-like pandemic lasting 4 weeks; and a more 
severe pandemic lasting 8 weeks, based on epidemiological 
studies of respiratory disease incidence increases.

The efficacy of the lamps, characterised by the 
inactivation constant 𝑘, was translated into equivalent ACH 
based on empirical data presented by Eadie et al. (2022). 
For scenarios involving (natural) ventilation and far-UVC 
lamps, the ACHs were summed. Using CAiMIRA, we 
determined the difference in infections with and without 
far-UVC lamps and computed the number of avoided 
infections in each setting for each scenario of infectious 
individuals in space.

2.3.1. Benefits calculations

Our analysis further estimated the monetary benefits 
of avoided infections, including fewer hospitalisations, 
reduced sick days, and lower mortality. These benefits 
were categorised into healthcare cost savings, economic 
productivity gains, and monetised health benefits 
(intangible benefits to quality-adjusted life years [QALYs]). 
The healthcare cost savings were calculated by multiplying 
the hospitalisation rate by the average hospital stay 
cost. The economic productivity gains were calculated 
by multiplying the per-sick-day productivity loss by 
the average number of sick days in each scenario. The 
monetised health benefits were calculated by multiplying 
the average QALY loss per infection by the COVID-

19 QALY value given by the Swiss National COVID-19 
Science Taskforce (2021). Individual contributions for 
each, as they relate to compounded calculations (e.g., total 
benefits), are available in Supplementary File.

Health and economic costs and benefits were 
informed by the literature and expert opinion. Using this 
comprehensive approach, we assessed the potential health 
and economic impacts of introducing far-UVC lamps in 
various indoor settings.

2.3.2. Cost calculations

The expected costs for far-UVC lamps vary, depending 
on brand and availability. To model the estimated costs 
in our analysis, we assumed an installation cost of Swiss 
Franc (CHF) 1,350 per lamp, a power input of 11 W, and 
an average life expectancy of 15,000 h (10 years) if used 
infrequently. For a lamp used for 8 h a day, 5 days a week, 
and 22 weeks a year (for example, in an office), this would 
translate into annual costs of approximately CHF 170. It 
must be noted that the relatively high acquisition costs 
were divided over the lifetime of far-UVC lamps. 

The QALY costs incurred from potential harmful 
effects, such as ozone formation, were calculated but 
excluded because there is insufficient published literature 
regarding this novel technology. An estimate of QALY 
costs from exposure to ozone by-products was calculated 
for the Irish pub setting (i.e., UVC lamps in a setting 
with little or no ventilation). An estimated cost of CHF 
165 was added in this case, which was about one-tenth 
of the implementation costs for the far-UVC lamps. 
Other potential cost considerations included the risk of 
carcinogenicity, which was expected to be minimal due 
to UVC’s near-complete absorption in the outer layers of 
the skin and the eye. Potential atopic effects are difficult 
to attribute to a single environmental factor, such as UVC, 
and establishing causation and related costs is beyond the 
scope of this study.

We compared the cost of other methods for indoor 
air disinfection. Specifically, the cost of gold-standard 
high-efficiency particulate air (HEPA)-filtration devices 
is typically USD 540 (equivalent to CHF 430 or Euro 
[EUR] 460) per device, with a 60 W power input and a life 
expectancy of 3 years at the time of writing (the Philips 
4000i air purifier was used as an example). Using a filter 
for 8 h a day, 5 days a week, and 22 weeks a year would 
cost roughly CHF 200 per year. Again, the acquisition costs 
were divided over the lifetime of HEPA-filtration devices. 
The number of HEPA filters was based on the goal of 
achieving a similar number of ACH, which was translated 
into the effectiveness of the UV lamps. For the Irish pub 
example, we calculated 9 lamps or 8 HEPA filters, leading 
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to a yearly cost of CHF 1,500 or CHF 1,550, respectively. 
Therefore, the costs of far-UVC lamps and HEPA filters 
are similar, varying only slightly in our selected settings 
(±20%); cost-effectiveness was to be similar for HEPA and 
far-UVC under the current assumptions. 

In subsequent years, the prices of HEPA devices 
decreased, as only the filters required replacement, at a cost 
of USD 90 (equivalent to CHF 70 or EUR 77) based on 
the price of a Philips replacement filter. With an increase 
in market size, the price of far-UVC lamps is expected to 
decrease as well (E. Mogensen, personal communication, 
December 13, 2023). Technological improvements, such as 
transitioning to light-emitting diodes, may further reduce 
the cost of far-UVC lamps, making them more affordable 
and sustainable in the long run, as they consume less energy 
than air filters. An additional externality for consideration 
is the relative environmental cost of running a system 
containing a HEPA filter compared to a UVC Krypton 
Chloride Excimer lamp. Previous research has highlighted 
the importance of technological innovation to sustain 
living standards while mitigating carbon footprints, and 
this may represent a way to sustainably improve indoor air 
(Aziz et al., 2023).

2.4. Statistical analysis

Our calculations were based on estimates from the 
literature; therefore, they were not derived from a single 
dataset and could not be used to estimate confidence 
intervals for the point estimates we presented. We used 
conservative estimates of multiplier effects; therefore, these 
cost–benefit analyses were conservative and may have 
underestimated rather than overestimated the true cost–
benefit. Further research could focus on using only data 
with confidence intervals to more thoroughly capture the 
range of possible outcomes. 

3. Results
3.1. Individual settings

3.1.1. Restaurants

During a normal winter, the effect of installing far-
UVC in restaurants was most pronounced on economic 
productivity (Table 1 for Switzerland and Table 2 for 
Germany), with benefits stemming from avoiding mild 
infections and reducing sick days. During a pandemic, the 
greatest benefits were attributable to avoiding QALY losses. 
During a severe pandemic, compared with a COVID-19-
like pandemic, a 10-fold increase in financial savings was 
seen for the healthcare system and the national economy. 

Next, we studied other hospitality settings, including 
a pub, a large fast-food restaurant, a queue in a fast-

food restaurant, and a medium-sized restaurant. The 
benefits division was very similar to that of the medium-
sized restaurant (Table 3 for Switzerland and Table 4 
for Germany). It is postulated that restaurants derive 
greater benefits from frequent interactions among diverse 
individuals over extended periods, thereby enhancing 
pathogen transmission in these environments.

3.1.2. Waiting rooms

In total, we considered four types of waiting rooms: 
An emergency waiting room, a specialist’s office, and 
a smaller waiting room. All scenarios were in a similar 
range for the number of avoided infections. Therefore, 
we decided to report the average across all scenarios. The 
results are shown in Table 5 for Switzerland and Table 
6 for Germany. Similar to a medium-sized restaurant, 
economic productivity gains matter most during a normal 
winter in a waiting room, whereas the share of monetised 
health benefits increased substantially with the severity 
of a pandemic, as depicted in Figure 1. While during a 
normal winter most benefits stemmed from reduced sick 
days, during a pandemic, more benefits stemmed from the 
health benefits (i.e., increased QALYs). The healthcare cost 
savings and the economic productivity gains also increased 
approximately eightfold in a severe pandemic compared to 
a COVID-19-like pandemic.

Although people visiting a doctor’s office or an 
emergency room are often suffering from acute illnesses, we 
refrained from adjusting the community incidence rate for 
waiting rooms, as not every waiting room warrants a higher 
incidence rate, e.g., in a neurology ward. Consequently, 
this calculation potentially underestimated the benefits of 
far-UVC lights in medical waiting rooms. Even though the 
waiting room scenario yielded a lower monetary benefit 
than the restaurant example, it should be considered for 
installing far-UVC lamps, given the vulnerable groups 
involved and the need to maintain a functioning healthcare 
system during a pandemic. When we assumed the entire 
waiting room population to be particularly vulnerable, 
the healthcare cost savings increased to CHF 710 for a 
normal winter, CHF 3,600 for a COVID-19-like pandemic, 
and CHF 18,000 for a severe pandemic. Monetised health 
benefits increased to CHF 6,600 (normal winter), CHF 
77,000 (COVID-19-like pandemic), and 2.8 million 
CHF (severe pandemic). This indicates an upper-bound 
prediction. The benefits of individual waiting rooms vary 
depending on the comparative vulnerability of the people 
in the room.

3.1.3. Offices

Similar to the restaurant and waiting room settings, 
economic productivity gains accounted for the greatest 
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Table 1. Estimated benefits (CHF) from avoided infections in a medium-sized restaurant with far-UVC lamp installation under 
three scenarios in Switzerland

Category

Benefits (CHF)

Normal winter COVID-19-like pandemic Severe pandemic 

Healthcare cost savings 6,000 29,000 330,000

Economic productivity gains 210,000 35,000 310,000

Monetised health benefits 130,000 440,000 23,000,000

Abbreviation: CHF: Swiss Franc.

Table 2. Estimated benefits (EUR) from avoided infections in a medium-sized restaurant with far-UVC lamp installation under 
three scenarios in Germany

Category

Benefits (EUR)

Normal winter COVID-19-like pandemic Severe pandemic 

Healthcare cost savings 2,000 10,000 45,000

Economic productivity gains 70,000 12,000 106,000

Monetised health benefits 60,000 200,000 10,582,000

Abbreviation: EUR: Euro.

Table 3. Total estimated benefits (CHF) from avoided infections in restaurants with far-UVC lamp installation under three 
scenarios in Switzerland

Settings
Sum of all benefits (CHF)

Normal winter COVID-19-like pandemic severe pandemic 

Pub 600,000 1,400,000 46,500,000

Large fast-food restaurant 950,000 1,600,000 67,000,000

Queue in a fast-food restaurant 52,000 87,000 3,700,000

Medium-sized restaurant 340,000 500,000 24,000,000

Abbreviation: CHF: Swiss Franc.
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Table 4. Total estimated benefits (EUR) from avoided infections in restaurants with far-UVC lamp installation under three 
scenarios in Germany

Settings Sum of all benefits (EUR)

Normal winter COVID-19-like pandemic Severe pandemic 

Pub 231,000 614,000 20,943,000

Large fast-food restaurant 369,000 706,000 30,264,000

Queue in a fast-food restaurant 20,000 39,000 1,671,000

Medium-sized restaurant 132,000 222,000 10,733,000

Abbreviation: EUR: Euro.

Table 5. Averaged estimated benefits (CHF) from avoided infections in medical waiting rooms with far-UVC lamp installation 
under three scenarios in Switzerland

Category

Benefits (CHF)

Normal winter COVID-19-like pandemic Severe pandemic 

Healthcare cost savings 290 1,700 17,000

Economic productivity gains 10,000 2,100 16,000

Monetised health benefits 6,500 26,000 1,200,000

Abbreviation: CHF: Swiss Franc.

Table 6. Averaged estimated benefits (EUR) from avoided infections in medical waiting rooms with far-UVC lamp installation 
under three scenarios in Germany.

Category

Benefits (EUR)

Normal winter COVID-19-like pandemic Severe pandemic 

Healthcare cost savings 100 600 2,300

Economic productivity gains 3,500 700 5,500

Monetised health benefits 3,000 12,000 553,600

Abbreviation: EUR: Euro.
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Figure 1. Overview of the averaged estimated benefits (CHF) gained through the implementation of far-UVC lamps in medical waiting rooms in Switzerland 
during the indicated scenarios. Healthcare cost savings are shown in orange, economic productivity gains in blue, and monetised health benefits in grey.
Abbreviation: CHF: Swiss Franc.

share of benefits during a normal winter in office spaces, 
whereas the share of monetised health benefits increased 
substantially with the severity of a pandemic (Tables 7 & 
8). During a normal winter, most benefits stemmed from 
reduced sick days, while during a pandemic, considerably 
more benefits stemmed from monetised health benefits 
(Figure 2).

Compared with restaurants and waiting rooms, the 
importance of far-UVC lamps in offices increased with the 
number of people in the office. The benefits were relatively 
small in a three-person office, whereas in a large office they 
were substantial (Table 9).

3.2. Cost–benefit ratios

The cost–benefit ratios for far-UVC lamp installation were 
favourable across all settings (Table 10 for Germany and 
Table 11 for Switzerland), even when monetised health 
benefits were excluded. This indicates that far-UVC 
lamps are a cost-saving technology for the Swiss and 
German societies as studied herein. These findings may 
be extrapolated to other Western societies with similar 
lifestyles, both in an average winter and in a more severe 
pandemic scenario.

In Switzerland, cost–benefit ratios ranged from one 
franc to: 30–290 CHF during a normal winter; 65–430 CHF 
during a COVID-like pandemic; and 2,300–20,500 CHF 

during a severe pandemic (ranges correspond to different 
settings). In Germany, cost benefit ratios ranged from 1 
euro to: 7–226 EUR during a normal winter; 118–449 EUR 
during a COVID-like pandemic; and 659–18,946 EUR 
during a severe pandemic. The difference in cost–benefit 
ratios between the countries may be attributed to not 
accounting for purchasing power parity, which does not 
diminish the usefulness of the estimates for each country.

Another measure of the cost-effectiveness of health-
related interventions is the incremental cost-effectiveness 
ratio (ICER). In this calculation, the status quo (ventilation 
at 5 ACH, no far-UVC lighting) was compared to the same 
condition with far-UVC lighting installed. This comprised 
the incurred costs of implementing far-UVC lamps in 
the respective setting (including electricity usage and 
maintenance) and the number of QALYs saved through 
these far-UVC lamps. As presented in Table 12, the ICER 
was lowest in a restaurant during a severe pandemic, at 
CHF 10 per QALY. It was highest in an office and a waiting 
room during a normal winter, at CHF 1,600 per QALY. 
While Switzerland does not have an official willingness-to-
pay threshold, this ICER is well within the commonly cited 
thresholds in the United States and United Kingdom, as 
well as the Swiss case law ruling of CHF 100,000 per QALY 
reported in previous cost-effectiveness studies (Panje et al., 
2020; Pavic et al., 2014).
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Figure 2. Overview of estimated benefits (CHF) gained through the implementation of far-UVC lamps in a large office (100 m2) in Switzerland during the 
indicated scenarios. Healthcare cost savings are shown in orange, economic productivity gains in blue, and monetised health benefits in grey.
Abbreviation: CHF: Swiss Franc.

Table 7. Estimated benefits (CHF) from avoided infections in a large office (100 m2, 20 desks) with far-UVC lamp installation 
under three scenarios in Switzerland

Category
Benefits (CHF)

Normal winter COVID-19-like pandemic Severe pandemic 

Healthcare cost savings 650 5,000 43,000

Economic productivity gains 23,000 6,000 40,000

Monetised health benefits 15,000 76,000 3,000,000

Abbreviation: CHF: Swiss Franc.

Table 8. Estimated benefits (EUR) from avoided infections in a large office (100 m2, 20 desks) with far-UVC lamp installation 
under three scenarios in Germany.

Category
Benefits (EUR) 

Normal winter COVID-19-like pandemic Severe pandemic 

Healthcare cost savings 220 1,800 5,900

Economic productivity gains 8,000 2,100 14,000

Monetised health benefits 6,800 34,800 1,390,000

Abbreviation: EUR: Euro.
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Table 10. Cost–benefit ratios for installing far-UVC lamps in the indicated settings in Germany

Settings

Cost–benefit ratio

Normal winter COVID-19-like pandemic Severe pandemic 

Restaurant 110 190 9,000

Waiting room 35 70 3,000

Office 10 30 1,000

Note: Benefits are summed over all subtypes and divided by the annual cost of the installed lamps.  
Abbreviation: EUR: Euro.

Table 11. Cost–benefit ratios for installing far-UVC lamps in the indicated settings in Switzerland

Settings

Cost–benefit ratio

Normal winter COVID-19-like pandemic Severe pandemic 

Restaurant 290 430 20,500

Waiting room 100 170 6,700

Office 30 65 2,300

Note: Benefits are summed over all subtypes and divided by the annual cost of the installed lamps.  
Abbreviation: CHF: Swiss Franc.

Table 9. Total estimated benefits (CHF) from avoided infections in offices of varied sizes with far-UVC lamp installation under 
three scenarios in Switzerland.

Office size

Benefits (CHF) 

Normal winter COVID-19-like pandemic Severe pandemic 

Small office 800 2,200 69,000

Medium office 9,100 20,000 870,000

Large office 39,000 87,000 3,100,000

Abbreviation: CHF: Swiss Franc.
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In Germany and Switzerland, the greatest benefit was 
demonstrated in restaurants during a severe pandemic. As 
expected, the cost–benefit ratio decreased as the pandemic 
worsened. Nonetheless, even the smallest cost–benefit 
ratio—in an office during a normal winter season—
demonstrated a benefit that is estimated to be seven times 
the cost of the far-UVC lights.

When restaurants were analysed by type across 
our scenarios, the greatest benefit accrued to fast-
food restaurants, followed by pubs. Our modelling 
demonstrated that the cost–benefit ratios improved with 
office size, with the smallest office in Germany yielding a 
benefit of 2 times the cost of the lights, while the largest 
office yielded a benefit of 11 times the cost. There was no 
discernible pattern among the different waiting rooms.

3.3. Per capita benefits

We calculated societal gains, i.e., total benefits minus costs, 
and the number of avoided sick days per person annually 
when far-UVC lamps were implemented in all restaurants, 
medical waiting rooms, and offices in Switzerland (Table 
13). This was performed based on statistics on the numbers 

of each location within the country and existing estimates 
of the number of people visiting each location during 
opening hours. Details can be found in the supplementary 
materials.

In 2022, in Switzerland, the average number of 
workdays missed by full-time employees amounted to 
9.3 days (Federal Statistical Office, 2024). Among these 
absences, approximately 69% were attributable to illness or 
accidents. Therefore, a reduction of 2.4 days would signify 
a substantial decrease of about 37% in health-related 
absences or 26% in total work absences.

The gains per capita corresponded to country-wide 
gains of CHF 12 billion in a normal winter, CHF 18 
billion in a COVID-like severe pandemic, and CHF 860 
billion in a severe pandemic. These comparatively high 
numbers, especially in the severe pandemic scenario, 
need to be assessed with caution, as we did not account 
for infections occurring in settings other than restaurants, 
offices, and waiting rooms. In scenarios with extremely 
high population incidence rates, this assumption becomes 
increasingly distorting, leading to an overestimation of our 
results. Nonetheless, societal gains in a severe pandemic 

Table 13. Gains per capita (total benefits minus costs) and annual avoided sick days per person from far-UVC lamp installation in 
all restaurants, waiting rooms, and offices in Switzerland

Societal gains Normal winter COVID-19-like pandemic Severe pandemic 

Gains per capita (CHF) 1,400 2,100 98,000

Avoided sick days per capita (days) 2.4 0.4 3.7

Abbreviation: CHF: Swiss Franc.

Table 12. Incremental cost-effectiveness ratio (ICER; CHF per QALY) for installing far-UVC lamps in the indicated settings in 
Switzerland

Settings ICER (CHF per QALY)

Normal winter COVID-19-like pandemic Severe pandemic 

Restaurant 1,600 500 10

Waiting room 16,000 4,900 90

Office 16,000 3,100 80

Abbreviations: CHF: Swiss Franc; QALY: quality-adjusted life year.
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are driven by the substantial number of avoided deaths 
and are plausibly very high relative to, e.g., the Swiss gross 
domestic product.

Our findings highlight the importance and cost-
effectiveness of improved indoor air quality during 
seasonal cold and flu waves, as well as during pandemics—
particularly relevant given the threat of future pandemics 
and need for preparedness.

3.4. Comparison to other indoor air quality 
measures

The intended use of HEPA filters and far-UVC lamps is 
similar, making their costs and benefits readily comparable. 
We found that the costs of both technologies are broadly 
comparable. Both approaches assume a homogeneous 
air mixture in the room—a condition that is unlikely 
in practice. Far-UVC light offers an advantage by also 
disinfecting air in near-field zones and areas less effectively 
reached by HEPA filtration. Conversely, HEPA filters 
remove nanoparticles but do not reduce concentrations 
of ozone, CO2, and other toxic chemicals (Vijayan et al., 
2015). Addressing these requires additional activated 
carbon filters or enhanced ventilation. From the end-user 
perspective, a large difference is the much higher noise 
levels generated by HEPA filtration, especially at high 
clean air delivery rates, compared with the silent operation 
of far-UVC devices. Furthermore, HEPA filtration requires 
considerably more energy (60 W per filter vs. 11 W per far-
UVC device). Thus, far-UVC lamps could contribute to a 
more sustainable building footprint.

In our calculations, we assumed far-UVC’s efficacy 
based on a study by Eadie et al. (2022) on Staphylococcus 
aureus. Some studies have suggested that far-UVC lamps 
may be 10–100 times more effective than HEPA filtration 
due to varying effects on different viruses and bacteria 
(Buonanno et al., 2020; Ma et al., 2021). In particular, 
far-UVC appears highly effective against SARS-CoV-2 
and influenza-like viruses. Although further research is 
required, early literature has shown promising results. If 
the lamps are 10 times more effective than  HEPA filtration, 
the cost-effectiveness ratio for restaurants, waiting rooms, 
and offices increases roughly by a factor of 2 rather than 
10, due to the exponential decay of pathogens over time. 
In high-pathogen environments, such as fast-food queues, 
the cost-effectiveness of a 10-fold higher efficacy is tripled. 
Under the conservative assumption based on Eadie et al. 
(2022), far-UVC’s cost-effectiveness is already comparable 
to HEPA filtration. Therefore, far-UVC is likely more 
cost-effective than HEPA filters, has a higher potential in 
settings with high pathogen loads, and plausibly achieves 
levels of virus inactivation that HEPA filters cannot reach.

4. Discussion
A cost–benefit analysis of far-UVC light in controlling 
infectious diseases is multifaceted and complex. 
Assumptions were used as a necessity, and some variables 
had limited literature to support even approximate 
estimates. This discussion underlines the main sources of 
uncertainty in the study.

The modelling of avoided infections depends on the 
dynamics of specific pathogens and their transmission 
pathways. Changes in disease transmission patterns, 
driven by new pathogens or changes in human behaviour, 
could influence the results (Park, Mistrick, & Rim, 2022). 
For a normal winter, we assumed far-UVC use only during 
the six coolest months, when respiratory illness rates 
are typically highest, although peaks may occur at other 
times. For the COVID-19-like pandemic, the model used 
information from a four-week peak based on Omicron 
infection rates in Switzerland. This assumption partly 
explains why benefits are significantly lower than in other 
scenarios, reflecting Switzerland’s relative containment of 
COVID-19. 

The study relies on plausible assumptions about the 
effectiveness of far-UVC lamps across varied environments, 
using current infection rates and lamp efficacy estimates 
grounded in recent research. These estimates may need to 
be updated as research evolves.

The analysis was based on data available at the time 
of the study. Pathogen inactivation and indoor air quality 
levels are heterogeneous, and supporting data are limited 
(Brouwer et al., 2017). For example, ACHs are based on 
current European guidelines and may not accurately 
reflect ventilation conditions in all settings, particularly 
older buildings.

Benefits were categorised into healthcare cost savings, 
economic productivity gains, and monetised health 
benefits (i.e., QALY gains). These were counted separately 
to allow decision-makers to identify the most relevant 
component for their context. A limitation of this study is 
the lack of accounting for potential disease transmission 
beyond spaces equipped with far-UVC sources and the 
exclusion of mitigated transmission risks from individuals 
visiting far-UVC-equipped areas. The interplay of these 
effects is difficult to assess and was therefore excluded. This 
likely results in an underestimation of total benefits in low-
incidence scenarios, as we did not account for the multiplier 
effect of avoided infections. Another methodological 
limitation is the use of CAiMIRA to model general airborne 
pathogen transmission, as it was developed specifically 
for SARS-CoV-2 (Henriques et al., 2022). While the 
underlying Wells–Riley model is generally applicable, 
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pathogen-specific information, such as pathogenicity and 
droplet size distribution, should be considered for more 
reliable assessments of individual pathogens. Despite this, 
the majority of historical pandemics involved influenza-
like viruses (Piret & Boivin, 2021), which are similar in size 
and characteristics to SARS-CoV-2 and are therefore likely 
to respond similarly to far-UVC exposure. 

The potential health impacts of far-UVC on humans 
and animals are the subject of ongoing research. Ecological 
costs, including electricity use and disposal of far-UVC 
lamps, could also be considered but were excluded from 
this study. Similarly, costs of potential harmful effects, 
as outlined in Section 1, were not included due to the 
theoretical nature of the risks.

Far-UVC is part of an array of approaches enhancing 
indoor air quality. A holistic approach that combines 
ventilation and filtration is likely to be more effective 
than the singular use of far-UVC, as demonstrated by the 
additive benefits of ventilation, HEPA filtration, and far-
UVC lights observed in our scenarios. The effectiveness of 
far-UVC lamps varies depending on the type of premises 
where they are installed (e.g., size, ventilation, and foot 
traffic). The most promising environments for installation 
may be identified based on the results of this study, but 
they are not exhaustive. The effectiveness of far-UVC 
lamps also relies on proper installation and maintenance, 
although they are less prone to human error compared to 
masks or manual disinfection. Errors in installation could 
reduce expected benefits and potentially increase costs.

Public perception and acceptance of far-UVC 
technologies are important factors for successful 
implementation. Therefore, public engagement may 
need to be factored into costs in future studies. Measures 
with a lower level of personal restriction than the effect 
on pandemic containment were associated with higher 
levels of public acceptance in Germany, suggesting that 
a minimally restrictive measure, such as far-UVC, could 
become a well-accepted pandemic response (Kaltenhäuser, 
2025).

Additionally, the decision about where to install far-
UVC lamps raises questions of equity and access, especially 
in relation to resource-poor contexts.

4.1. Policy recommendations and next 
steps
Given the cost-efficiency of far-UVC lamps, the following 
recommendations are proposed to support public health 
and pandemic preparedness. These recommendations 
address the issue from different angles. They are therefore 
independent rather than sequential; each could be 

implemented immediately by different stakeholders. 
However, their implementation should be accompanied by 
ongoing evaluation and review of the published literature.

Recommendation for the private sector is to enhance 
infection protection through monitoring and air quality 
improvement. Regular air quality monitoring and 
the installation of systems to manage indoor air are 
recommended for the private sector. These measures 
help businesses ensure safer environments and promote 
the well-being of customers and employees. Far-UVC 
can contribute to reducing disease transmission if 
implemented in line with current European guidelines and 
in combination with ventilation.

Recommendations for public institutions:

(i)	 Conduct real-world and feasibility studies of far-
UVC: Real-world studies are necessary to assess the 
applicability of far-UVC light. Such research could 
be commissioned by public health offices or national 
research programs.

(ii)	 Monitor indoor air quality and ensure transparency: 
Comprehensive data on indoor air quality is lacking in 
countries such as Germany and Switzerland. Surveys 
and public reporting can identify problem areas 
and define targeted improvement measures, such as 
ventilation.

(iii)	Anchor the state’s position as a role model: By 
setting air quality standards for public buildings, the 
government promotes public health and encourages 
other sectors.

(iv)	 Create incentives to improve indoor air quality: 
Financial incentives can help overcome implementation 
barriers and play a significant role in encouraging 
implementation of public health measures. Far-UVC 
may also help achieve certifications such as Leadership 
in Energy and Environmental Design.

(iv)	 Equip critical infrastructure with far-UVC technology 
for pandemic response: Facilities critical during 
pandemics, such as hospitals and government 
buildings, should consider long-term far-UVC 
installations as part of their pandemic response plans.

5. Conclusion
Far-UVC technology can offer a more reliable and 
less intrusive solution for mitigating indoor disease 
transmission across office, restaurant, and waiting rooms. 
Integrating far-UVC into public health strategies can 
enhance community resilience against infectious diseases. 
Far-UVC can significantly reduce healthcare costs by 
reducing infections, avoiding hospitalizations, and 
reducing the need for expensive treatments. It also provides 
economic benefits through productivity gains from fewer 
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employee sickness-related absences. Initial findings are 
promising, and we encourage real-world trials of this 
technology to further evaluate and report its effectiveness.

Acknowledgments
We thank the following reviewers for their time and 
expertise: Dr. Nicolas Banholzer, Postdoctoral Research 
Fellow, Institute of Social and Preventive Medicine, 
University of Bern; Dr. Richard Bruns, Senior Scholar and 
Economist, Johns Hopkins Center for Health Security; Dr. 
Jasper Götting, Virologist, Convergent Research; Jakob 
Graabak, Foresight Director, International Center for 
Future Generations; Harry Koos, PhD student in Health 
Policy/Health Economics, Stanford School of Medicine; Dr. 
Michael Riediker, Director, Swiss Centre for Occupational 
and Environmental Health; Dr. Lisa Fischer, d-fine; Dr. 
Robert Görke, d-fine, Partner Pharma and Healthcare; Dr. 
Daniel Staudenmann, MD, Cantonal Hospital of Aarau; 
Prof. Dr. Ernest Weingartner, Lecturer in Sensor and 
Aerosol Technology, University of Applied Sciences and 
Arts Northwestern Switzerland; and Richard Williamson, 
Program Director far-UVC, Blueprint Biosecurity.

Funding
None.

Conflict of interest
Sabine Matysik, Bianca Bohmann, Stefan Kruger, Marwan 
El Chamaa, Markus Baumeister, and Sungmin Eu are 
employees of d-fine; Elina Christian and Laurent Bachler 
are employees of Pour Demain, Switzerland, however, they 
were not involved in any activities that could constitute a 
conflict of interest in relation to this study.

Author contributions
Conceptualization: Sabine Matysik, Elina Christian, 

Laurent Bächler 
Data curation: Sabine Matysik, Bianca Bohmann, Stefan 

Krüger, Sungmin Eu
Formal analysis: Sabine Matysik, Bianca Bohmann, Stefan 

Krüger, Marwan El Chamaa, Markus Baumeister, 
Sungmin Eu

Investigation: Elina Christian, Bianca Bohmann 
Methodology: Sabine Matysik, Elina Christian, Bianca 

Bohmann 
Project administration: Sabine Matysik, Laurent Bächler 
Resources: Sabine Matysik, Elina Christian 
Software: Sabine Matysik 
Supervision: Sabine Matysik 
Validation: Sabine Matysik, Elina Christian, Bianca 

Bohmann, Laurent Bächler, Marwan El Chamaa 

Visualization: Laurent Bächler 
Writing–original draft: Sabine Matysik, Elina Christian, 

Bianca Bohmann, Laurent Bächler
Writing–review & editing: Sabine Matysik, Elina Christian, 

Bianca Bohmann, Stefan Krüger, Marwan El Chamaa, 
Markus Baumeister

Ethics approval and consent to participate
Not applicable.

Consent for publication
Not applicable.

Availability of data
Supplementary data contain the calculations used to 
generate these results. For questions or further information, 
please contact the corresponding author.

References
ACGIH.  (2021).  TLVs and BEIs: Based on the documentation 

of the threshold limit values for chemical substances and 
physical agents & biological exposure indices. Cincinnati: 
American Conference of Governmental Industrial 
Hygienists.  Available from: https://portal.acgih.org/s/
store#/store/browse/detail/a154W00000BOag7QAD [Last 
accessed on 2026 Feb 23].

Aziz, G., Sarwar, S., Muhammad Wasim Hussan, & Saeed, 
A.  (2023). The importance of extended-STIRPAT in 
responding to the environmental footprint: Inclusion 
of environmental technologies and environmental 
taxation. Energy Strategy Reviews, 50, 101216. 

	 https://doi.org/10.1016/j.esr.2023.101216

Banholzer, N., Zürcher, K., Jent, P., Bittel, P., Furrer, L., Egger, M., 
Hascher, T., & Fenner, L. (2023). SARS-CoV-2 transmission 
with and without mask wearing or air cleaners in schools 
in Switzerland: A modeling study of epidemiological, 
environmental, and molecular data. PLOS Medicine, 20(5), 
e1004226. 

	 https://doi.org/10.1371/journal.pmed.1004226

Blatchley, E. R., III, Brenner, D. J., Claus, H., Cowan, T. E., Linden, 
K. G., Liu, Y., Mao, T., Park, S.-J., Piper, P. J., Simons, R. M., 
& Sliney, D. H. (2022). Far UV-C radiation: An emerging 
tool for pandemic control. Critical Reviews in Environmental 
Science and Technology, 53(6), 733–753. 

	 https://doi.org/10.1080/10643389.2022.2084315

Brouwer, A. F., Eisenberg, M. C., Remais, J. V., Collender, P. A., 
Meza, R., & Eisenberg, J. N.  (2017). Modeling biphasic 
environmental decay of pathogens and implications for risk 
analysis. Environmental Science & Technology, 51(4), 2186–
2196. 

	 https://doi.org/10.1021/acs.est.6b04030

https://doi.org/10.36922/GHES025360061
https://portal.acgih.org/s/store#/store/browse/detail/a154W00000BOag7QAD
https://portal.acgih.org/s/store#/store/browse/detail/a154W00000BOag7QAD
https://doi.org/10.1016/j.esr.2023.101216
https://doi.org/10.1016/j.esr.2023.101216
https://doi.org/10.1371/journal.pmed.1004226
https://doi.org/10.1371/journal.pmed.1004226
https://doi.org/10.1080/10643389.2022.2084315
https://doi.org/10.1080/10643389.2022.2084315
https://doi.org/10.1021/acs.est.6b04030
https://doi.org/10.1021/acs.est.6b04030


Global Health Economics andGlobal Health Economics and
SustainabilitySustainability Cost–benefit analysis of far-UVC on infections

 Volume 4 Issue 1 (2026) 	 139� https://doi.org/10.36922/GHES025360061

Bulfone, T. C., Malekinejad, M., Rutherford, G. W., & Razani, 
N. (2021). Outdoor transmission of SARS-CoV-2 and other 
respiratory viruses: A systematic review.  The Journal of 
Infectious Diseases, 223(4), 550–561. 

	 https://doi.org/10.1093/infdis/jiaa742

Buonanno, M., Welch, D., Shuryak, I., & Brenner, D. J.  (2020). 
Far-UVC light (222 nm) efficiently and safely inactivates 
airborne human coronaviruses.  Scientific Reports, 10(1), 
10285. 

	 https://doi.org/10.1038/s41598-020-67211-2

Centers for Disease Control and Prevention.  (2024).  Upper-
room ultraviolet germicidal irradiation (UVGI).  Available 
from: https://www.cdc.gov/niosh/ventilation/germicidal-
ultraviolet/index.html [Last accessed on 2026 Feb 23].

Cowling, B. J., & Aiello, A. E. (2020). Public health measures to 
slow community spread of coronavirus disease 2019.  The 
Journal of Infectious Diseases, 221(11), 1749–1751. 

	 https://doi.org/10.1093/infdis/jiaa123

Destatis.  (2024).  Time use. Weisbaden: Federal Statistic Office 
of Germany.  Available from: https://www.destatis.de/EN/
Themes/Society-Environment/Income-Consumption-
Living-Conditions/Time-Use/_node.html [Last accessed on 
2026 Feb 23].

Dimitroulopoulou, C., & Bartzis, J.  (2013). Ventilation rates 
in European office buildings: A review.  Indoor and Built 
Environment, 23(1), 5–25. 

	 https://doi.org/10.1177/1420326x13481786

Dubey, S., Rohra, H., & Taneja, A. (2021). Assessing effectiveness 
of air purifiers (HEPA) for controlling indoor particulate 
pollution. Heliyon, 7(9), e07976. 

	 https://doi.org/10.1016/j.heliyon.2021.e07976

Eadie, E., Hiwar, W., Fletcher, L., Tidswell, E., O’Mahoney, 
P., Buonanno, M., Welch, D., Adamson, C. S., Brenner, 
D. J., Noakes, C., & Wood, K. (2022). Far-UVC (222 nm) 
efficiently inactivates an airborne pathogen in a room-sized 
chamber. Scientific Reports, 12(1), 4373. 

	 https://doi.org/10.1038/s41598-022-08462-z

Environmental Health & Safety. (n.d.). Ultraviolet (UV) radiation 
safety.  Available from: https://www.unr.edu/ehs/program-
areas/radiation-safety/ultraviolet [Last accessed on 2026 
Feb 23].

European Commission: Directorate-General for 
Employment.  (2011).  Non-binding guide to good practice 
for implementing Directive 2006/25/EC “Artificial optical 
radiation.” Luxembourg: Publications Office of the 
European Union.  Available from: https://www.hsa.ie/
media/3w5iwrnw/eu-guide_artificial-optical-radiation.pdf 
[Last accessed on 2026 Feb 23].

European Parliament.  (2008).  Consolidated text: Directive 
2008/50/EC of the European Parliament and of the Council 

of 21 May 2008 on ambient air quality and cleaner air for 
Europe. Luxembourg: Publications Office of the European 
Union.  Available from: https://eur-lex.europa.eu/legal-
content/en/ALL/?uri=CELEX%3A32008L0050 [Last 
accessed on 2026 Feb 23].

Fadlallah, R., El‐Jardali, F., Karroum, L. B., Kalach, N., Hoteit, 
R., Aoun, A., Al‐Hakim, L., Verdugo‐Paiva, F., Rada, G., 
Fretheim, A., Lewin, S., Ludolph, R., & Akl, E. A. (2024).  
The effects of public health and social measures (PHSM) 
implemented during the COVID-19 pandemic: An overview 
of systematic reviews. Cochrane Evidence Synthesis Methods, 
2(5), e12055. 

	 https://doi.org/10.1002/cesm.12055

Far UV Technologies.  (2021). ACGIH increases Threshold Limit 
Values - Far UV Technologies. Available from: https://faruv.
com/acgih-increases-threshold-limit-values/ [Last accessed 
on 2026 Feb 23].

Federal Statistical Office.  (2024).  Absences. Neuchatel: Federal 
Statistical Office.  Available from: https://www.bfs.admin.
ch/bfs/en/home/statistics/work-income/employment-
working-hours/working-hours/absences.html [Last 
accessed on 2026 Feb 23].

Graeffe, F., Luo, Y., Guo, Y., & Ehn, M.  (2023). Unwanted 
indoor air quality effects from using ultraviolet C lamps for 
disinfection.  Environmental Science & Technology Letters, 
10(2), 172–178. 

	 https://doi.org/10.1021/acs.estlett.2c00807

Henriques, A., Mounet, N., Aleixo, L., Elson, P., Devine, J., 
Azzopardi, G., Andreini, M., Rognlien, M., Tarocco, N., 
& Tang, J.  (2022). Modelling airborne transmission of 
SARS-CoV-2 using CARA: Risk assessment for enclosed 
spaces. Interface Focus, 12(2). 

	 https://doi.org/10.1098/rsfs.2021.0076

Hessling, M., Haag, R., Sieber, N., & Vatter, P. (2021). The impact 
of far-UVC radiation (200-230 nm) on pathogens, cells, 
skin, and eyes - A collection and analysis of a hundred years 
of data. GMS Hygiene and Infection Control, 16, Doc07. 

	 https://doi.org/10.3205/dgkh000378

International Commission on Non-Ionizing Radiation Protection 
(ICNIRP).  (2004). Guidelines on limits of exposure to 
ultraviolet radiation of wavelengths between 180 nm and 
400 nm (incoherent optical radiation). Health Physics, 87(2), 
171–186. 

	 https://doi.org/10.1097/00004032-200408000-00006

Jefferson, T., Del Mar, C. B., Dooley, L., et al.  (2020). Physical 
interventions to interrupt or reduce the spread of respiratory 
viruses.  The Cochrane Database of Systematic Reviews, 
2020(11). 

	 https://doi.org/10.1002/14651858.CD006207.pub5

Kaltenhäuser, B.  (2025). Factors influencing the acceptance of 

https://doi.org/10.36922/GHES025360061
https://doi.org/10.1093/infdis/jiaa742
https://doi.org/10.1093/infdis/jiaa742
https://doi.org/10.1038/s41598-020-67211-2
https://doi.org/10.1038/s41598-020-67211-2
https://www.cdc.gov/niosh/ventilation/germicidal-ultraviolet/index.html
https://www.cdc.gov/niosh/ventilation/germicidal-ultraviolet/index.html
https://doi.org/10.1093/infdis/jiaa123
https://doi.org/10.1093/infdis/jiaa123
https://www.destatis.de/EN/Themes/Society-Environment/Income-Consumption-Living-Conditions/Time-Use/_node.html
https://www.destatis.de/EN/Themes/Society-Environment/Income-Consumption-Living-Conditions/Time-Use/_node.html
https://www.destatis.de/EN/Themes/Society-Environment/Income-Consumption-Living-Conditions/Time-Use/_node.html
https://doi.org/10.1177/1420326x13481786
https://doi.org/10.1177/1420326x13481786
https://doi.org/10.1016/j.heliyon.2021.e07976
https://doi.org/10.1016/j.heliyon.2021.e07976
https://doi.org/10.1038/s41598-022-08462-z
https://doi.org/10.1038/s41598-022-08462-z
https://www.unr.edu/ehs/program-areas/radiation-safety/ultraviolet
https://www.unr.edu/ehs/program-areas/radiation-safety/ultraviolet
https://www.hsa.ie/media/3w5iwrnw/eu-guide_artificial-optical-radiation.pdf
https://www.hsa.ie/media/3w5iwrnw/eu-guide_artificial-optical-radiation.pdf
https://eur-lex.europa.eu/legal-content/en/ALL/?uri=CELEX%3A32008L0050
https://eur-lex.europa.eu/legal-content/en/ALL/?uri=CELEX%3A32008L0050
https://doi.org/10.1002/cesm.12055
https://doi.org/10.1002/cesm.12055
https://faruv.com/acgih-increases-threshold-limit-values/
https://faruv.com/acgih-increases-threshold-limit-values/
https://www.bfs.admin.ch/bfs/en/home/statistics/work-income/employment-working-hours/working-hours/absences.html
https://www.bfs.admin.ch/bfs/en/home/statistics/work-income/employment-working-hours/working-hours/absences.html
https://www.bfs.admin.ch/bfs/en/home/statistics/work-income/employment-working-hours/working-hours/absences.html
https://doi.org/10.1021/acs.estlett.2c00807
https://doi.org/10.1021/acs.estlett.2c00807
https://doi.org/10.1098/rsfs.2021.0076
https://doi.org/10.1098/rsfs.2021.0076
https://doi.org/10.3205/dgkh000378
https://doi.org/10.3205/dgkh000378
https://doi.org/10.1097/00004032-200408000-00006
https://doi.org/10.1097/00004032-200408000-00006
https://doi.org/10.1002/14651858.CD006207.pub5
https://doi.org/10.1002/14651858.CD006207.pub5


Global Health Economics andGlobal Health Economics and
SustainabilitySustainability Cost–benefit analysis of far-UVC on infections

 Volume 4 Issue 1 (2026) 	 140� https://doi.org/10.36922/GHES025360061

the measures for the containment of COVID-19. Journal of 
Public Health, 33(4), 757–767. 

	 https://doi.org/10.1007/s10389-023-02047-4

Kinner, S. A., Young, J. T., Snow, K., Southalan, L., Lopez-Acuña, 
D., Ferreira-Borges, C., & O’Moore, É. (2020). Prisons and 
custodial settings are part of a comprehensive response to 
COVID-19. The Lancet Public Health, 5(4), e188–e189. 

	 https://doi.org/10.1016/S2468-2667(20)30058-X

Li, Y., Leung, G. M., Tang, J. W., Yang, X., Chao, C. Y. H., Lin, J. 
Z., Lu, J. W., Nielsen, P. V., Niu, J., Qian, H., Sleigh, A. C., Su, 
H.-J. J., Sundell, J., Wong, T. W., & Yuen, P. L. (2007). Role 
of ventilation in airborne transmission of infectious agents 
in the built environment - A multidisciplinary systematic 
review. Indoor Air, 17(1), 2–18. 

	 https://doi.org/10.1111/j.1600-0668.2006.00445.x

Link, M. F., Shore, A., Hamadani, B. H., & Poppendieck, 
D.  (2023). Ozone generation from a germicidal ultraviolet 
lamp with peak emission at 222 nm. Environmental Science 
& Technology Letters, 10(8), 675–679. 

	 https://doi.org/10.1021/acs.estlett.3c00318

Ma, B., Linden, Y. S., Gundy, P. M., Gerba, C. P., Sobsey, M. 
D., & Linden, K. G.  (2021). Inactivation of coronaviruses 
and phage Phi6 from irradiation across UVC 
wavelengths.  Environmental Science & Technology Letters, 
8(5), 425–430. 

	 https://doi.org/10.1021/acs.estlett.1c00178

Mahon, M. B., Sack, A., Aleuy, O. A., et al.  (2024). A meta-
analysis on global change drivers and the risk of infectious 
disease. Nature, 629(8013), 830–836. 

	 https://doi.org/10.1038/s41586-024-07380-6

Maverakis, E., Miyamura, Y., Bowen, M. P., Correa, G., Ono, Y., & 
Goodarzi, H. (2010). Light, including ultraviolet. Journal of 
Autoimmunity, 34(3), J247–J257. 

	 https://doi.org/10.1016/j.jaut.2009.11.011

Mossong, J., Hens, N., Jit, M., Beutels, P., Auranen, K., Mikolajczyk, 
R., Massari, M., Salmaso, S., Tomba, G. S., Wallinga, J., 
Heijne, J., Sadkowska-Todys, M., Rosinska, M., & Edmunds, 
W. J. (2008). Social contacts and mixing patterns relevant to 
the spread of infectious diseases. PLOS Medicine, 5(3), e74. 

	 https://doi.org/10.1371/journal.pmed.0050074

Naito, K., Sawadaishi, K., & Kawasaki, M.  (2022). 
Photobiochemical mechanisms of biomolecules relevant 
to germicidal ultraviolet irradiation at 222 and 254 
nm. Scientific Reports, 12(1). 

	 https://doi.org/10.1038/s41598-022-22969-5

Panje, C. M., Lupatsch, J. E., Barbier, M., Pardo, E., Lorez, M., 
Dedes, K. J., Aebersold, D. M., Plasswilm, L., Gautschi, O., 
& Schwenkglenks, M. (2020). A cost-effectiveness analysis 
of consolidation immunotherapy with durvalumab in stage 

III NSCLC responding to definitive radiochemotherapy in 
Switzerland. Annals of Oncology, 31(4), 501–506. 

	 https://doi.org/10.1016/j.annonc.2020.01.007

Park, S., & Rim, D. (2024). Human exposure to air contaminants 
under the far-UVC system operation in an office: Effects of 
lamp position and ventilation condition. Scientific Reports, 
14(1). 

	 https://doi.org/10.1038/s41598-024-75245-z

Park, S., Mistrick, R., & Rim, D. (2022). Performance of upper-
room ultraviolet germicidal irradiation (UVGI) system 
in learning environments: Effects of ventilation rate, UV 
fluence rate, and UV radiating volume.  Sustainable Cities 
and Society, 85, 104048. 

	 https://doi.org/10.1016/j.scs.2022.104048

Patra, V., Gallais Sérézal, I., & Wolf, P.  (2020). Potential of skin 
microbiome, pro- and/or pre-biotics to affect local cutaneous 
responses to UV exposure. Nutrients, 12(6), 1795. 

	 https://doi.org/10.3390/nu12061795

Pavic, M., Pfeil, A. M., & Szucs, T. D. (2014). Estimating the 
potential annual welfare impact of innovative drugs in use 
in Switzerland. Frontiers in Public Health, 2, 48. 

	 https://doi.org/10.3389/fpubh.2014.00048

Pearce, L. A., Vaisey, A., Keen, C., Calais-Ferreira, L., Foulds, 
J. A., Young, J. T., Southalan, L., Borschmann, R., Gray, 
R., Stürup-Toft, S., & Kinner, S. A. (2021). A rapid review 
of early guidance to prevent and control COVID-19 in 
custodial settings. Health & Justice, 9(1), 27. 

	 https://doi.org/10.1186/s40352-021-00150-w

Peng, Z., Day, D. A., Symonds, G. A., Jenks, O. J., Stark, H., 
Handschy, A. V., de Gouw, J. A., & Jimenez, J. L. (2023). 
Significant production of ozone from germicidal UV lights 
at 222 nm.  Environmental Science & Technology Letters, 
10(8), 668–674. 

	 https://doi.org/10.1021/acs.estlett.3c00314

Piret, J., & Boivin, G.  (2021). Pandemics throughout 
history. Frontiers in Microbiology, 11, 631736. 

	 https://doi.org/10.3389/fmicb.2020.631736

Reed, N. G.  (2010). The history of ultraviolet germicidal 
irradiation for air disinfection.  Public Health Reports, 
125(1), 15–27. 

	 https://doi.org/10.1177/003335491012500105

Robert Koch Institute.  (2021).  Daily situation report of the 
Robert Koch Institute, week 26, 2021. Berlin: Robert Koch 
Institut. Available from:   https://www.rki.de/DE/Themen/
Infektionskrankheiten/Infektionskrankheiten-A-Z/C/
COVID-19-Pandemie/Situationsberichte/Jul_2021/2021-
07-01-en.pdf?__blob=publicationFile&v=1 [Last accessed 
on 2026 Mar 28].

Robert Koch Institute. (2023a). COVID-19 cases by reporting week 

https://doi.org/10.36922/GHES025360061
https://doi.org/10.1007/s10389-023-02047-4
https://doi.org/10.1007/s10389-023-02047-4
https://doi.org/10.1016/S2468-2667(20)30058-X
https://doi.org/10.1016/S2468-2667(20)30058-X
https://doi.org/10.1111/j.1600-0668.2006.00445.x
https://doi.org/10.1111/j.1600-0668.2006.00445.x
https://doi.org/10.1021/acs.estlett.3c00318
https://doi.org/10.1021/acs.estlett.3c00318
https://doi.org/10.1021/acs.estlett.1c00178
https://doi.org/10.1021/acs.estlett.1c00178
https://doi.org/10.1038/s41586-024-07380-6
https://doi.org/10.1038/s41586-024-07380-6
https://doi.org/10.1016/j.jaut.2009.11.011
https://doi.org/10.1016/j.jaut.2009.11.011
https://doi.org/10.1371/journal.pmed.0050074
https://doi.org/10.1371/journal.pmed.0050074
https://doi.org/10.1038/s41598-022-22969-5
https://doi.org/10.1038/s41598-022-22969-5
https://doi.org/10.1016/j.annonc.2020.01.007
https://doi.org/10.1016/j.annonc.2020.01.007
https://doi.org/10.1038/s41598-024-75245-z
https://doi.org/10.1038/s41598-024-75245-z
https://doi.org/10.1016/j.scs.2022.104048
https://doi.org/10.1016/j.scs.2022.104048
https://doi.org/10.3390/nu12061795
https://doi.org/10.3390/nu12061795
https://doi.org/10.3389/fpubh.2014.00048
https://doi.org/10.3389/fpubh.2014.00048
https://doi.org/10.1186/s40352-021-00150-w
https://doi.org/10.1186/s40352-021-00150-w
https://doi.org/10.1021/acs.estlett.3c00314
https://doi.org/10.1021/acs.estlett.3c00314
https://doi.org/10.3389/fmicb.2020.631736
https://doi.org/10.3389/fmicb.2020.631736
https://doi.org/10.1177/003335491012500105
https://doi.org/10.1177/003335491012500105
https://www.rki.de/DE/Themen/Infektionskrankheiten/Infektionskrankheiten-A-Z/C/COVID-19-Pandemie/Situationsberichte/Jul_2021/2021-07-01-en.pdf?__blob=publicationFile&v=1
https://www.rki.de/DE/Themen/Infektionskrankheiten/Infektionskrankheiten-A-Z/C/COVID-19-Pandemie/Situationsberichte/Jul_2021/2021-07-01-en.pdf?__blob=publicationFile&v=1
https://www.rki.de/DE/Themen/Infektionskrankheiten/Infektionskrankheiten-A-Z/C/COVID-19-Pandemie/Situationsberichte/Jul_2021/2021-07-01-en.pdf?__blob=publicationFile&v=1
https://www.rki.de/DE/Themen/Infektionskrankheiten/Infektionskrankheiten-A-Z/C/COVID-19-Pandemie/Situationsberichte/Jul_2021/2021-07-01-en.pdf?__blob=publicationFile&v=1


Global Health Economics andGlobal Health Economics and
SustainabilitySustainability Cost–benefit analysis of far-UVC on infections

 Volume 4 Issue 1 (2026) 	 141� https://doi.org/10.36922/GHES025360061

and gender as well as proportions with symptoms relevant to 
COVID-19, proportions of hospitalized/deceased and mean/
median age.  Berlin: Robert Koch Institut. Available from: 
https://www.rki.de/DE/Content/InfAZ/N/Neuartiges_
Coronavirus/Daten/Klinische_Aspekte.html [Last accessed 
on 2026 Mar 28].

Robert Koch Institute.  (2023b).  RKI - GrippeWeb.  Berlin: 
Robert Koch Institut. Available from: https://www.rki.de/
DE/Themen/Forschung-und-Forschungsdaten/Sentinels-
Surveillance-Panel/GrippeWeb/grippeweb-node.html [Last 
accessed on 2026 Mar 28].

Robert Koch Institute.  (2026).  Epidemiological profile of 
SARS-CoV-2 and COVID-19.  Berlin: Robert Koch 
Institut. Available from: https://www.rki.de/DE/Themen/
Infektionskrankheiten/Infektionskrankheiten-A-Z/C/
COVID-19/covid-19-node.html [Last accessed on 2026 Feb 
23].

Sachs, J. D., Karim, S. S. A., Aknin, L., et al. (2022). The Lancet 
Commission on lessons for the future from the COVID-19 
pandemic. Lancet, 400(10359), 1224–1280. 

	 https://doi.org/10.1016/S0140-6736(22)01585-9

Saravanan, N. P.  (2004). Indoor air pollution.  Resonance, 9(1), 
6–11. 

	 https://doi.org/10.1007/bf02902524

Simoni, M., Jaakkola, M. S., Carrozzi, L., Baldacci, S., Di Pede, 
F., & Viegi, G. (2003). Indoor air pollution and respiratory 
health in the elderly. European Respiratory Journal, 21(40), 
15s–20s. 

	 https://doi.org/10.1183/09031936.03.00403603

Sliney, D. H., & Stuck, B. E. (2021). A need to revise human exposure 
limits for ultraviolet UV-C radiation.  Photochemistry and 
Photobiology, 97(3), 485–492. 

	 https://doi.org/10.1111/php.13402

Swiss National Covid-19 Science Taskforce.  (2021).  Why 
far-reaching health policy measures are sensible 
from a macroeconomic perspective in the current 
situation.  Available from: https://sciencetaskforce.ch/
policy-brief/warum-aus-gesamtwirtschaftlicher-sicht-
weitgehende-gesundheitspolitische-massnahmen-in-der-
aktuellen-lage-sinnvoll-sind/ [Last accessed on 2026 Feb 
23].

Truong, C. S., Muthukutty, P., Jang, H. K., Kim, Y. H., Lee, D. 
H., & Yoo, S. Y.  (2023). Filter-free, harmless, and single-

wavelength far UV-C germicidal light for reducing airborne 
pathogenic viral infection. Viruses, 15(7), 1463. 

	 https://doi.org/10.3390/v15071463

U.S. Department of Health and Human Services, Centers for 
Disease Control and Prevention.  (2009).  Environmental 
control for tuberculosis: Basic upper-room ultraviolet 
germicidal irradiation guidelines for healthcare settings. 

	 https://doi.org/10.26616/nioshpub2009105

Vijayan, V. K., Paramesh, H., Salvi, S. S., & Dalal, A. A. (2015). 
Enhancing indoor air quality - The air filter advantage. Lung 
India, 32(5), 473–479. 

	 https://doi.org/10.4103/0970-2113.164174

Welch, D., Aquino de Muro, M., Buonanno, M., & Brenner, D. 
J.  (2022). Wavelength-dependent DNA photodamage in a 
3-D human skin model over the far-UVC and germicidal 
UVC wavelength ranges from 215 to 255 nm. Photochemistry 
and Photobiology, 98(5), 1167–1171. 

	 https://doi.org/10.1111/php.13602

Welch, D., Buonanno, M., Grilj, V., et al. (2018). Far-UVC light: 
A new tool to control the spread of airborne-mediated 
microbial diseases. Scientific Reports, 8(1). 

	 https://doi.org/10.1038/s41598-018-21058-w

Wigginton, K. R., Pecson, B. M., Sigstam, T., Bosshard, F., 
& Kohn, T.  (2012). Virus inactivation mechanisms: 
Impact of disinfectants on virus function and structural 
integrity.  Environmental Science & Technology, 46(21), 
12069–12078. 

	 https://doi.org/10.1021/es3029473

World Health Organization.  (2024).  Indoor airborne risk 
assessment in the context of SARS-CoV-2: Description of 
airborne transmission mechanism and method to develop a 
new standardized model for risk assessment. WHO. Available 
from: https://www.who.int/publications/b/73437 [Last 
accessed on 2026 Apr 01].

Yamano, N., Kunisada, M., Kaidzu, S., Sugihara, K., Nishiaki‐
Sawada, A., Ohashi, H., Yoshioka, A., Igarashi, T., Ohira, 
A., Tanito, M., & Nishigori, C. (2020). Long-term effects of 
222-nm ultraviolet radiation C sterilizing lamps on mice 
susceptible to ultraviolet radiation.  Photochemistry and 
Photobiology, 96(4), 853–862. 

	 https://doi.org/10.1111/php.13269

https://doi.org/10.36922/GHES025360061
https://www.rki.de/DE/Content/InfAZ/N/Neuartiges_Coronavirus/Daten/Klinische_Aspekte.html
https://www.rki.de/DE/Content/InfAZ/N/Neuartiges_Coronavirus/Daten/Klinische_Aspekte.html
https://www.rki.de/DE/Themen/Forschung-und-Forschungsdaten/Sentinels-Surveillance-Panel/GrippeWeb/grippeweb-node.html
https://www.rki.de/DE/Themen/Forschung-und-Forschungsdaten/Sentinels-Surveillance-Panel/GrippeWeb/grippeweb-node.html
https://www.rki.de/DE/Themen/Forschung-und-Forschungsdaten/Sentinels-Surveillance-Panel/GrippeWeb/grippeweb-node.html
https://www.rki.de/DE/Themen/Infektionskrankheiten/Infektionskrankheiten-A-Z/C/COVID-19/covid-19-node.html
https://www.rki.de/DE/Themen/Infektionskrankheiten/Infektionskrankheiten-A-Z/C/COVID-19/covid-19-node.html
https://www.rki.de/DE/Themen/Infektionskrankheiten/Infektionskrankheiten-A-Z/C/COVID-19/covid-19-node.html
https://doi.org/10.1016/S0140-6736(22)01585-9
https://doi.org/10.1016/S0140-6736(22)01585-9
https://doi.org/10.1007/bf02902524
https://doi.org/10.1007/bf02902524
https://doi.org/10.1183/09031936.03.00403603
https://doi.org/10.1183/09031936.03.00403603
https://doi.org/10.1111/php.13402
https://doi.org/10.1111/php.13402
https://sciencetaskforce.ch/policy-brief/warum-aus-gesamtwirtschaftlicher-sicht-weitgehende-gesundheitspolitische-massnahmen-in-der-aktuellen-lage-sinnvoll-sind/
https://sciencetaskforce.ch/policy-brief/warum-aus-gesamtwirtschaftlicher-sicht-weitgehende-gesundheitspolitische-massnahmen-in-der-aktuellen-lage-sinnvoll-sind/
https://sciencetaskforce.ch/policy-brief/warum-aus-gesamtwirtschaftlicher-sicht-weitgehende-gesundheitspolitische-massnahmen-in-der-aktuellen-lage-sinnvoll-sind/
https://sciencetaskforce.ch/policy-brief/warum-aus-gesamtwirtschaftlicher-sicht-weitgehende-gesundheitspolitische-massnahmen-in-der-aktuellen-lage-sinnvoll-sind/
https://doi.org/10.3390/v15071463
https://doi.org/10.3390/v15071463
https://doi.org/10.26616/nioshpub2009105
https://doi.org/10.26616/nioshpub2009105
https://doi.org/10.4103/0970-2113.164174
https://doi.org/10.4103/0970-2113.164174
https://doi.org/10.1111/php.13602
https://doi.org/10.1111/php.13602
https://doi.org/10.1038/s41598-018-21058-w
https://doi.org/10.1038/s41598-018-21058-w
https://doi.org/10.1021/es3029473
https://doi.org/10.1021/es3029473
https://www.who.int/publications/b/73437
https://doi.org/10.1111/php.13269
https://doi.org/10.1111/php.13269


Global Health Economics andGlobal Health Economics and
SustainabilitySustainability Cost–benefit analysis of far-UVC on infections

 Volume 4 Issue 1 (2026) 	 142� https://doi.org/10.36922/GHES025360061

Table A1. Table of assumptions

Parameter Value Source

COVID-19-like pandemic 

       Symptomatic COVID-19 case 75% (Chen et al., 2021; El-Ghitany et al., 2022; Tan et al., 2022)

       Long COVID 10% (Zheng et al., 2023)

       Hospitalisation rate (overall) 10% (Robert Koch Institute, 2021)

       Mortality COVID-19 (overall) 4% (Robert Koch Institute, 2023)

       Cost of hospitalisation CHF 30,250 (Zanni et al., 2023)

       Cost of disability case for the healthcare system CHF 8,500 (Zanni et al., 2023)

       Sick days per symptomatic COVID-19 infection 5 days (Zanni et al., 2023)

       Sick days per COVID-19 hospitalisation 15 days (Al Omair et al., 2023; da Costa Sousa et al., 2022; Tobin 
et al., 2023)

       Sick days per long COVID case 84 days (Gandjour, 2023)

       QALYs lost per death due to COVID-19 11 (Hanson et al., 2022)

       Losses of QALYs associated with a symptomatic COVID-19 case 0.008 (Zafari et al., 2022)

       Losses of QALYs associated with a long COVID infection 0.034 (Zafari et al., 2022)

       Losses of QALYs associated with a COVID-19 hospitalisation 0.020 (Zafari et al., 2022)

Normal winter

       Hospitalisation rate (overall) 0.30% Calculated from Robert Koch Institute (2023)

       Mortality (overall) 0.006% (Iuliano et al., 2018)

       Cost of hospitalisation CHF 10,292 (Ammann et al., 2023)

       Sick days per infection 3 days (Scholz et al., 2019)

       Sick days per hospitalisation 17 days Expert opinion, similar to COVID (20 sick days in total)

       QALYs lost per death due to respiratory infection 3 Estimation based on Plass et al. (2014) 

       Losses of QALYs associated with a respiratory infection 0.0038 (de Boer et al., 2021)

       Losses of QALYs associated with hospitalisation 0.0118 (de Boer et al., 2021)

Severe pandemic 

       Disability rate 10% Assumption to model a more severe pathogen than 
COVID-19

       Hospitalization rate (overall) 30% Assumption to model a more severe pathogen than 
COVID-19

       Mortality (overall) 20% Assumption to model a more severe pathogen than 
COVID-19

       Cost of hospitalisation CHF 30,250 As for the COVID-like pandemic

       Cost of disability case for healthcare CHF 8,500 As for the COVID-like pandemic

(cont'd...)
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