Indoor Environments 1 (2024) 100007

Contents lists available at ScienceDirect % A
indoor
Indoor Environments
journal homepage: www.sciencedirect.com/journal/indoor-environments Y 1
The effect of room air cleaners on infection control in day care centres N

Ville A. Vartiainen™", Johanna Hela”, Anni Luoto®, Petra Nikuri®, Enni Sanmark", Aimo Taipale®,

Check for
updates

Inga Ehder-Gahm', Natalia Lastovets®, Piia Sormunen®®, Ilpo Kulmala’, Arto Siiméanen’

@ Heart and Lung Center, Helsinki University Hospital, Finland and Faculty of Medicine, University of Helsinki, Biomedicum 2U, Tukholmankatu 8, PL 20, 00014, Finland
Y Children and Adolecents, Helsinki University Hospital, Finland

¢ Construction and facility development, Granlund Ltd, Finland

4 Department of Otorhinolaryngology and Phoniatrics - Head and Neck Surgery, Helsinki University Hospital, Helsinki, Finland

€ Built environment, Civil engineering, Tampere University, Finland

{ Clean Air Solutions, VTT Technical Research Centre of Finland, Finland

ARTICLE INFO

Keywords:
Infections
Ventilation
Air cleaning
Children

ABSTRACT

The aim of this study was to assess the effectiveness of air cleaning in reducing the risk of respiratory infection in
two day care centres using a simple and robust calculation model. Additionally, we aimed to identify potential
hotspots for infections in indoor setting and focus countermeasures accordingly. Initial results from an inter-
ventional clinical study are provided as proof-of-concept for the model. We constructed a mathematical model to
assess the number of persons at risk for airborne infection transmission in day care. Utilizing the model, we used
portable air cleaners in two day care units (A and B, number of children participating in the study n = 43) and
compared infection incidents between the two intervention units to the rest of the units in city of Helsinki (n =
607). The intervention buildings had mechanical supply and exhaust air ventilation. The risk modelling suggests
that the use of air cleaners reduced the expected number of persons at infection transmission risk significantly.
At day care centre A the average reduction was 60% (range 52% - 88%) and at day care centre B 53% (range
14% - 59%). During the approximately six month study period, we observed a significant difference in the days
absent from day care due to infections between the intervention and reference day care units. On average, the
parents were absent from work due to child’s illness in reference day care centers for 5.53 days and 3.77 days in
intervention day care centers during the study period (p=0.009). In relative terms the reduction was ap-
proximately 32%. Our study offers compelling evidence to support increasing non-infectious air flow rates in
daycare centers during periods requiring infection risk management. This can be implemented with portable air
cleaners as an effective and cost-efficient strategy for mitigating the spread of respiratory infections among
children. The clinical results support the findings suggested by the theoretical model.

Implications and impacts:

— Air cleaning seems to be an effective way to reduce infection risk in day cares
- Identification of infection risk hotspot will help in desgining the preventive methods

— Portable air cleaners offer an affordable and versatile solution also in buildings where existing ventilation is
insufficient for infection risk management”

1. Introduction

In addition to the direct effects these infections also result in in-
creased absenteeism among parents. Parents need to take time off work

Respiratory and enteric infections are common among children attending
early childhood education, with many episodes occurring in a single winter
[1]. These infections cause discomfort and distress to the infected children,
increase healthcare expenses and can lead to outbreaks that affect not only the
children attending the center but also their families and the wider community.

* Corresponding author.
E-mail address: ville.vartiainen@helsinki.fi (V.A. Vartiainen).

https://doi.org/10.1016/j.indenv.2024.100007

to care for their sick children, leading to substantial costs in terms of
lost productivity [2]. Taking care of sick children also affects parents’
routines, social life, and experiences of well-being [3]. The extensive
use of temporary care leave increases the risk of parental stress and
overload [1,4].
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1.1. Paradigm shift from droplets to aerosol

The current paradigm of hygiene has been concentrating on pre-
vention of spread by droplets and direct contact. COVID-19 began a
change in the paradigm and recently many studies regarding increased
air ventilation and air cleaning have been conducted. Previous research
has shown that air cleaners can be effective in reducing concentration
of airborne particles and bioaerosol in various settings, including hos-
pitals, schools, and day care centers [5-12]. This has also been used as
an evidence of their capability to reduce the spread of respiratory in-
fections although, the relation between bioaerosol and risk for infection
transmission is not yet clear [10].

1.2. Recommendations for ventilation

If meaningful reduction of viral particles in the indoor environment
should be achieved with room air cleaners, the non-infectious air flow
rate of the air cleaners should be high enough compared to existing
ventilation of the room. The non-infectious air flow rate of the air
cleaner is obtained by measuring the CADR (Clean Air Delivery Rate)
value. The CADR is determined by examining the reduction in the
concentration of the target pollutant in the test chamber caused by the
air cleaner [13]. At least four recommendations for sizing the room air
cleaner for specific room exist. 1) Association of Home Appliance
Manufacturers (AHAM) recommends the 2/3 rule [14], ie. the CADR of
the air cleaner in cubic feet per minute should be equal to at least two-
thirds of the room’s area in square feet corresponding to an air change
rate (ACH) of 5h ™! in a normal height room. 2) US Centers for Disease
Control and Prevention recommends also to aim equivalent air change
rate (ACHe) of 5 h ™. This can be achieved through any combination of
central ventilation system, natural ventilation, or additional devices
[15]. 3) According to REHVA the clean air delivery rate (CADR) of a
room air cleaner should be 2 times greater than the outdoor air flow by
the ventilation system in rooms with a ventilation rate more than 1h ™.
This provides the theoretical reduction of the concentration of a pol-
lutant by 70% [16]. In rooms with a ventilation rate lower than 1 h™!
the CADR must be at least 2h ™. 4) For residential use the Swedish
Asthma and Allergy Association recommends a CADR of four times the
ventilation rate [17]. 5) Finnish decree for non-residential buildings
requires clean air supply of 6 dm®s~! per person or 3dm>s ™! per m?.

1.3. Recommendations for airborne infection control

There are also several recommendations for ventilation to control
airborne infections according to number of persons occupying the
space. 1) REHVA recommends a variety of air flow rates depending on
the type of the space, but sets a minimum of 4 dm®/s per person [18]. 2)
The Lancet COVID-19 Commission Task Force on Safe School, Safe
Work, and Safe Travel proposes a flow rate per person starting from
10 dm®/s/person to be referred as good ventilation while best ventila-
tion needs more than 14 dm3/s/person non-infectious air flow rate
[19]. The task force also gives recommendations based on volumetric
flow rate per volume (air change rate, ACHe) ranging from 4 ACHe to
more than 6 ACHe. 3) ASHRAE standard regarding control of infectious
aerosols in buildings defines an infection risk management mode
(IRMM) [20]. The required equivalent air flow rates depend on the
indoor setting and varies between 10 and 45 dm®/s per person. There
are no requirements for day care centres but the closest values are those
for classrooms (20 dmg/s/person) and lecture halls (25 dms/s/person).

1.4. Infection risk models

In the aftermath of the current pandemic, modelling of airborne
infection transmission probability has received increased attention and
several models have been presented. The usual way to model is to first
estimate the pathogen emission rate and then calculate the infectious
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aerosol concentration in the indoor air taking into consideration the
dilution due to ventilation and air cleaning, the removal by deposition,
and the inactivation by time. Thus, exposure dose obtained through
breathing can be calculated and infection transmission probability can
be estimated. Many of such estimates use a similar approach to Nicas
etal [21]. where the human emission of airborne pathogens is based on
size and number distributions of expired droplets and the virus con-
centration of respiratory fluids. A simplified version of emission is
based on infectious quanta, where a quanta is defined as a dose of
causing infection to 1-e"' = 63% of exposed population. For SARS-
CoV-2, the quanta emission rates have been back calculated from
known super spreading events. In the quanta context the pathogens are
lumped into particles with size < 5 micrometer. Aganovic et al. pre-
sented a virus variant quanta multiplier by which the emission rates are
multiplied to take into consideration different variants. [22]

Although the extensive activity in the field of infection transmission
modelling there are only few studies which have made air cleaning
interventions and compared theoretical calculations with clinical out-
comes. Banholzer et al. studied the effect of HEPA air cleaner inter-
ventions on infections [23]. Although the aerosol number concentra-
tions were on the average 53% lower with air cleaners compared to no
interventions there were not any difference found in the probability of
SARS-CoV-2 infection. This could be partly attributed to the relatively
short two-week intervention period, during which only a few COVID-19
infections occurred. However, there is ambiguity in the results re-
garding whether air cleaners can effectively prevent the transmission of
airborne infections. Some studies suggest a positive impact while others
do not [23-25].

The aim of this study was to assess the effectiveness of increased
non-infectious air flow rates obtained with portable air cleaning devices
in reducing the risk of respiratory infection in two day care centers
using a simple and robust calculation model for estimating the risk of
airborne transmission of infectious diseases, including COVID-19. It
estimates viral shedding rates using in principle directly measurable
basic parameters such viral load of the respiratory fluids and airborne
aerosol emission rates based on activity. The prevalence of the disease
is also used to calculate the probable number of infectious persons in
the room, giving a realistic estimation of the number of pathogen
shedders in a given space. One important advantage of the model is that
it is universal in the sense that it is applicable to airborne infectious
diseases in general, although all the key parameters like viral loads in
the respiratory fluids and infectious doses are not known for all dis-
eases.

We also use the model to calculate the number of persons in the risk
of virus transmission in each room. With this detailed information we
could optimize to the location of the air cleaners to reduce the number
of the persons in transmission risk in the whole the building.
Additionally, we aimed to identify potential hotspots for infections in
indoor setting to implement countermeasures efficiently. Initial results
from an interventional clinical study are provided as proof-of-concept
to validate the model.

2. Methods
2.1. Day care units

The studied two day-care units where air cleaning intervention was
conducted (A and B) are in the same area in the City of Helsinki. In day
care unit A there are 110 children (age 1-6 years old) divided to 6
groups of and 19 staff members. The day care unit B is occupied with
123 children in 6 groups and 21 staff members. The floor area of day-
care unit A is circa 1000 sq meters and its mechanical ventilation flow
rate was 2.4m>/s in the areas occupied by children and staff. Room
floor areas varied between 14.4m? and 68.0 m?® with an average of
30.3m? and the air change rates varied between 2.7 1/h and 10.7 1/h
being on average of 4.2 1/h. Similarly, the day-care unit B a floor area
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Table 1
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Air cleaners characteristics and location in the two day care units.

Model

CADR with fan speed setting

Air cleaner id and location

used in this study m3/h

Air0 SmAIRt1200 1260
Air0 SmAIRt1200 1010
Air0 SmAIRt600 570
Air0 SmAIRt600 434
Alme Pure 372
Halton MobileAirCleaner VCR 1500%)
IQAir CleanZone SLS 650
IQAir Icleen Health Premium 240
ISEC Kuulas 125
ISEC Vinha 453
ISEC Vinha 302
Lifa Air LA502C 285
ISEC Type 1 195
ISEC Type 2 433

A5

A2, Al15

B3, B9

A3, A8, Al4, A18, B7, B12, B17
A6

Al6, B5, B6

A7

A4, A9, A19, A20

A21, B8

B20

B15, B23

Al1l, Al12, Al13, B2, B4, B10, B11, B19, B22
B1, B13, B14, B16, B18, B21
Al, A10, A17, A22

*) Reported by the manufacturer

is circa 900 square meters (room areas 11-68 m?, average 30.7 m?) and
air flow rate was 2.9 m®/s producing room air change rates between 2.0
1/h and 7.2 1/h with an average of 3.8 1/h. Both buildings are
equipped with constant volume air flow mechanical ventilation for
supply and exhaust air and were dimensioned according to Finnish
legislation. In both day-care centres the air distribution was mixing type
ventilation. The reference group was recruited from all other day care
units ran by the city of Helsinki.

2.2. Room air cleaners

Air cleaners used in the study were of various models and sizes with
clean air delivery rates for particulate matters ranging from 240 to
2700 m®/h. However, due to the increased noise level the air cleaners
were not operated in full fan speed in some locations and the used
CADR varied between 240 — 1500 m>/h. Most of the air cleaners were
tested earlier in laboratory applying ANSI/AHAM AC-1-2020 test
standard to determine their clean air delivery rates before installation
[26]. Their on-site CADRs during the study are shown in Table 1. The
floor plans of the day care units and locations of the air cleaners are
displayed in Fig. 1.

2.3. Selecting and locating the room air cleaners

Occupancy, activity and time spent in the different spaces of the day
care centre varied during the day. This will influence on the risk of
disease transmission within the building. Instead of conventional design
criteria such as floor area, space volume, and air change rate, we

introduce a more sophisticated airborne infection risk-based approach
for optimizing the placement of room air cleaners in different spaces.

In practice, there was a limited number of air cleaners available for
the day-care centres. This was due to the cost of air cleaners as well as
the limited space for air cleaners in day care rooms. In general, there
was place for only one air cleaner in a room. The question is how to use
these limited number of air cleaners most efficiently to reduce the risk
of virus transmission in the whole building.

One of the goals for this risk-based approach is to estimate more
precisely the presence of potential pathogen sources (infectious
people). The likelyhood of pathogen emission increases as the number
of occupants in the indoor space and their activity increase. For pa-
thogen exposure, the time spent in the room is also important. Our risk-
based approach enables designing optimal CADR values by comparing
the calculated reduction in the number of persons at risk gained by
positioning each room air cleaner virtually in different rooms. The
position of the air cleaners was then chosen so that the minimum
number of persons at risk at building level was obtained.

This new approach requires more specific information about the use
profile of the spaces including the number of occupants at different
times of the day in each room. The information on normal hour-to-hour
activities was gathered from the personnel via a questionnaire. We
utilized the occupancy and activity profiles to place the air cleaners
with optimal CADR in spaces where the increased clean air flow rates
resulted in the most significant reduction in the number of individuals
at risk of pathogen transmission.

When positioning air cleaners in practice, it’s essential to consider
maintaining the room’s flow pattern and prevent any short-circuit air
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Fig. 1. Floor plans and locations of air cleaners in the day-care centres A (left) and B (right) during the intervention study.
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Fig. 2. Recruitment of study participants from children receiving day care in City of Helsinki.

flow disruptions. Proper placement ensures optimal air circulation and
effective filtration. Naturally we had to make some compromises due to
limited available space when placing the air cleaners in the rooms ac-
cording to the plan.

2.4. Estimation of infection transmission probability

To assess the potential effect of ventilation systems and the inter-
ventional air cleaning systems, a relatively simple mathematical model
was constructed. The model calculates pathogen emission rates as a
product of viral concentration in respiratory fluids and mass emission
rate of droplets which will dry almost instantaneously under normal
room air conditions and become airborne aerosols with size < 5 mi-
crometer [27]. The droplet mass emission rate is based on activity of
individuals and is estimated from the literature [28,29]. When calcu-
lating the indoor exposure, a typical assumption is that the room air is
well mixed so that the concentration is uniform within the space to be
considered. This is justified in cases where room sizes are not too big
and when the air change rates are sufficiently large [30]. Practically
this requirement is fulfilled in mechanically ventilated rooms with
mixing type of ventilation.

The steady state concentration Cgg (viral RNA copies/m3) then de-
pends on the emission rate G (viral RNA copies/s) and removal terms
including ventilation, inactivation in the air and deposition.

N, G

Css =

where A is the ventilation air exchange rate (1/h), A4 is the inactivation
rate of pathogens in air (1/h), Ap is deposition rate (1/h), V is the room
volume (m®) and gE is the product of air flow rate of air cleaner and its
efficiency (m3/h), which is practically the same as the CADR. The
probable number of infectors Nj is assumed to be proportional to the
prevalence of the disease in the community p and number of persons in
a room N:

N; =pN ()]

In turn, the pathogen emission rate G (viral RNA copies/s) depends
on the activity and viral load of respiratory fluid cy (viral RNA copies/
g) as follows:

G =q,cv 3)

where g, is the mass emission rate of respiratory droplets (g/s) with
diameter less than 15 pm. Such droplets dry almost instantaneously in
normal indoor air conditions leaving residuals which are about one
third of their original diameter The dried aerosols are thus < 5 mi-
crometer in size which can remain airborne for extended periods and
may be inhaled by susceptible persons. Both the respiratory emission

rates and viral loads of respiratory fluids vary largely between in-
dividuals making accurate predictions impossible [28,31]. However,
assuming certain reasonable values for the parameters the relative
changes in the concentrations can reasonably well be made.

The dose D of inhaled and lung-deposited pathogen-laden particles
(viral RNA copies) can be estimated from the average concentration C
(viral RNA copies/mB), breathing rate B (m3/h) and exposure time t (h):

D = CBtf @

where f is the alveolar deposition factor of the inhaled aerosols in the
respiratory system. For simplicity we used single value of 0.3 for in-
haled particles < 5um [21]. The risk of getting infection Pjyr is then
calculated using the Wells-Riley equation:

D
P =1 — exp(—0.693—)

Dso 5)
where D5 is the dose (viral RNA copies) causing infection on the
average to half of the population. The expected number of the person at
risk E is then

E=PNnN(1 - p) (6)

This figure was calculated for each room in the day-care centres
where the air cleaners were installed.

2.5. Work absence questionnaire

For the clinical part of the study, we invited families of all children
receiving early childhood education from day care units ran by city of
Helsinki to participate. As part of the study, we performed air cleaning
intervention in two day care centers located in Helsinki to study effect
of particle removal in infectious diseases. The results presented here are
first year’s initial results from two-year cross over trial of four day care
units (NCT05569330). Recruitment process of participants is shown in
Fig. 2. As part of the study the participants reported incident infections
and parents work absences on weekly basis in a symptom diary. The
analyzed questions in the diary were “Has your child been ill during the
previous week? (yes/no)” and “Did the child’s illness cause work ab-
sences to the adults? (yes/no)”. A total of 426 children of which 38
were in the day care units with air cleaning systems were enrolled in the
study. Response rate was 60-68% across the study period from No-
vember 11th 2022 to end of April 2023. Non-parametric Mann-Whitney
U test was used to compare parent’s absent days due to child’s illness
(“yes” to both of the questionnaire questions) between the reference
and intervention centers. Poisson regression model was constructed
separately to control the effects of socioeconomic factors. Age of the
child and education level of the parents were added as categorial
variables. In this work we present the initial effect on parents’ absent
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Fig. 3. Non-infectious air flow rate per person (dm>/s/person) during maximum occupancy without and with room air cleaners in the studied rooms of the day care
unit A and B. Lancet COVID commission recommendations 10 dm®/s/person and 14 dm®/s/person and ASHRAE requirements 20 dm®/s/person and 25 dm®/s/person

are shown by green and blue dashed vertical lines, respectively [19,20].

days from work and analyze its effects on society. The study was ap-
proved by ethical committee of Helsinki and Uusimaa (HUS/14231/
2022) and was conducted according to Declaration of Helsinki.

3. Results

Air cleaners increased the non-infectious air flow rates on average
137% and 126% in day care unit A and B, respectively. Constant volume
air flow rates from normal HVAC system and clean air delivery rates
(CADR) from room air cleaners in different locations normalized with the
maximum number of persons occupying the room are presents in Fig. 3.

In day care unit A (Fig. 3) 68% of the rooms had clean air flow less
than 10 dm>/s/person with the normal ventilation during maximum
occupancy whereas the use of air cleaners increased the non-infectious
air flow rates so that more than 90% of the rooms exceeded the

10 dm®/s/person and about one third also exceeded 20 dm®/s/person.
Similar situation was found also in day care unit B (Fig. 4). There the
clean air flow rate was lower than 10 dm®/s/person in 63% of the
rooms and the use of air cleaners increased the air flow rate to over
10 dm®/s/person in 89% of the rooms and 32% had the clean air flow
rate over 20 dm>/s/person.

The modelling of pathogen transmission probability suggested that
the addition of air cleaners could lead to a clinically significant re-
duction in the incidence of respiratory infections among children at-
tending daycare units. The predicted risk varied largely between dif-
ferent spaces depending on the occupancy and activity in the room. The
calculated transmission probability in different rooms was over a
magnitude higher in the high probability spaces compared to the lowest
ones. The air cleaners decreased the calculated airborne concentrations
53% and 37% on average in day-care unit A and B, respectively.
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Fig. 4. Expected number of persons at risk in day care unit A and B in different groups of children.

Based on the activity patterns and dedicated rooms for each group in
the day care units we estimated the number of persons at risk in each
day care unit. The risk modelling suggests that the use of air cleaners
reduced the expected number of persons at risk significantly (Fig. 4). At
day care centre A the average reduction was 60% (range 52% - 88%)
and at day care centre B 53% (range 14% - 59%).

During the study period, we observed a significant difference in the
days absent from day care due to infections between the intervention
and reference groups. On average, the parents were absent from work
due to child’s illness in reference day care centers for 5.53 days and
3.77 days in intervention day care centers during the study period
(p=0.009). In relative terms the reduction was approximately 32%. In
the Poisson regression model increasing level of education protected
from absence due to sickness, but there were no statistically significant
associations between age or sex of the child and absences. There was no
statistically significant difference between the groups in parent’s edu-
cation level or type of employment.

4. Discussion

In this study, we observed a 30% reduction in infections in the in-
tervention group compared to the reference group and the decrease is in
line with the estimates given by the model. Although previous studies
have shown that properly dimensioned air cleaners can reduce airborne
microbe concentrations in schools and healthcare facilities, their effect
on infections have not been confirmed before our results [8,9,24].

While being designed according to Finnish regulations, the air flow
rates per person in both day care centers were lower than the Lancet
COVID commission recommendation [19] of 10 dm®/s in two thirds of
the rooms. The use of air cleaners increased the clean air delivery rate
137% and 126% in day care unit A and B, respectively. After installing
the air cleaners, the non-infectious air flow rates were greater than
10 dm®/s per person in 90% of the rooms and one third exceeded also
the ASHRAE [20] recommendation of 20 dm3/s per person. Such an
increase in ventilation air flow rates in existing buildings is often
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impossible without extensive modifications in the HVAC system.
However, with room air cleaners this can be done flexibly in situations
where rapid response is needed.

Although the calculated infection probabilities decreased only 53%
and 37% the estimated number of persons at risk decreased by 60% and
53% after interventions. This reflects the use of estimated number of
persons at risk when selecting and locating the air cleaners to the dif-
ferent spaces of the day care units. The estimation of infection risk
alone may not be sufficient to select the optimal control measures in
public spaces, but the number of potentially exposed persons should
also be considered to mitigate disease transmission efficiently.

In order to achieve subsequently lower pathogen concentrations and
consequently a reduced risk of infection, increased non-infectious air
flow is required. Therefore, in many cases, it may be beneficial to
consider in which spaces the air cleaners reduce the number of people
at risk most. Our risk-based approach enables to design optimal CADR
by comparing the benefits of placing room air cleaners in different
rooms and choosing the final position according to the calculated in-
fection risk level reductions at building level.

The implementation of air cleaners in daycare centers may involve
some initial costs. Our results suggest that the benefits of implementing
air cleaners in daycare centers outweigh the costs, particularly when
considering the potential economic savings associated with reduced
absenteeism among parents. Finland’s Ministry of Social affairs and
health estimated that in 2014 the cost of sick leaves due to direct costs
and value from lost working time was 3.5 b€ which was 1.3% of the
gross domestic product [2]. This does not include indirect costs such as
healthcare, reduced morality, and increased workload for other em-
ployees. Confederation of Finnish Industries estimated that the average
loss of work input caused by a day of sick leave is 370 euros [26].

While the exact proportion of the cost that is attributable to child
illness in daycare centers is unclear, it is likely to be a significant
contributor given the high prevalence of infections among children in
the daycare. Therefore, reducing the incidence of infections in daycare
centers using air cleaners could have a positive impact on both the
health and well-being of children and their families, as well as the wider
economy and society as a whole.

It is important to acknowledge some limitations of our study. Firstly,
the intervention was conducted only in two day care centers. If there are
significant differences between the day care centers in Helsinki such fac-
tors may confound the effects of air cleaning. Secondly, as the model is
designed to be simple and robust and it considers airborne pathway only.
In addition, it has numerous assumptions underlying the calculations.
Thirdly, no objective measurements of infections were used. The data is
based on questionnaires to parents which are susceptible to errors.

5. Conclusion

In conclusion, our study offers compelling evidence to support the
implementation of air cleaners in daycare centers as an effective and
cost-efficient strategy for mitigating the spread of respiratory infections
among children. The approach presented allows the identification of
the infection risk hot spots by taking into account the most relevant
factors affecting the airborne disease transmission and thereby de-
termining the optimal placement of air cleaners within the building.
The optimization parameter is the total number of persons at risk of
being infected in the whole building, which should be minimized with
the available number of air cleaners. The clinical results support the
findings suggested by our theoretical model. The model provides a
straightforward but valuable method for assessing the effects of venti-
lation and air cleaning on the transmission of airborne infections.
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