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Background. Transmission of coronavirus disease 2019 (COVID-19) can occur through inhalation of fine droplets or aerosols
containing infectious virus. The objective of this study was to identify situations, patient characteristics, environmental parameters,
and aerosol-generating procedures (AGPs) associated with airborne severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2)
virus.

Methods.  Air samples were collected near hospitalized COVID-19 patients and analyzed by RT-qPCR. Results were related to
distance to the patient, most recent patient diagnostic PCR cycle threshold (Ct) value, room ventilation, and ongoing potential AGPs.

Results. In total, 310 air samples were collected; of these, 26 (8%) were positive for SARS-CoV-2. Of the 231 samples from pa-
tient rooms, 22 (10%) were positive for SARS-CoV-2. Positive air samples were associated with a low patient Ct value (OR, 5.0 for Ct
<25 vs >25; P =.01; 95% CI: 1.18-29.5) and a shorter physical distance to the patient (OR, 2.0 for every meter closer to the patient;
P =.05;95% CI: 1.0-3.8). A mobile HEPA-filtration unit in the room decreased the proportion of positive samples (OR, .3; P = .02;
95% CI: .12-.98). No association was observed between SARS-CoV-2-positive air samples and mechanical ventilation, high-flow
nasal cannula, nebulizer treatment, or noninvasive ventilation. An association was found with positive expiratory pressure training

(P < .01) and a trend towards an association for airway manipulation, including bronchoscopies and in- and extubations.

Conclusions.

Our results show that major risk factors for airborne SARS-CoV-2 include short physical distance, high patient

viral load, and poor room ventilation. AGPs, as traditionally defined, seem to be of secondary importance.
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Transmission of coronavirus disease 2019 (COVID-19) can
occur through inhalation of fine droplets or aerosols containing
infectious virus. Several factors have been acknowledged that
may increase this route of transmission, such as enclosed spaces
and poor ventilation [1]. In hospital settings, much debate has
concerned aerosol-generating procedures (AGPs), which in-
clude different types of respiratory support and airway ma-
nipulations [2]. AGPs have been assumed to elevate aerosol
concentrations in the surrounding air and thus considered to be
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of special concern for infection control. Consequently, guide-
lines have recommended a higher degree of environmental
control and personal protective equipment during these pro-
cedures [3]. However, the focus on AGPs has been increasingly
questioned, as it may divert attention from more important risk
factors and possibly lead to an underestimation of exposure for
frontline healthcare workers not regularly involved in AGPs
[4-7].

The detailed definition of AGP has also been discussed but in-
tubation, noninvasive positive-pressure ventilation, tracheotomy,
cardiopulmonary resuscitation, bronchoscopy, and sputum in-
duction are universally included in guidelines [3, 8]. Over time,
the concept of AGP has tended to expand and many guidelines
also include high-flow oxygen, nebulization, mechanical venti-
lation, and sometimes other procedures suspected of aerosol
production, even though the evidence of increased transmission
risk is weak or absent [9]. Also, many studies assess the risk of
aerosolization during AGPs based on measurements of the total
aerosol concentration or mass, lacking information on the pres-
ence of virus [10-12].
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The detection of virus present in air is a way to gain under-
standing of the risk of airborne transmission. Environmental
sampling in hospitals has revealed the presence of airborne se-
vere acute respiratory syndrome coronavirus 2 (SARS-CoV-2)
RNA, but mostly in low concentrations [13-18]. However, only
limited focus has been directed towards any connections to spe-
cific ongoing medical treatments, such as AGPs. The published
observational studies have either collected a limited number of
samples or lack associated patient and disease data.

The aim of this work was to identify factors associated with
airborne SARS-CoV-2 RNA, including potential AGPs, pa-
tient characteristics, and environmental parameters. Air sam-
ples were collected from hospital wards where patients with
COVID-19 were treated. Samples were linked to patient data
and analyzed for the presence of SARS-CoV-2 RNA. The results
may help identify situations with increased risk for virus inhala-
tion and thus have implications for infection-control guidelines.

METHOD

Design

An exploratory observational study was performed at wards
treating patients with COVID-19 in 2 hospitals in Skane,
southern Sweden, from March 2020 to April 2021, to investi-
gate factors associated with SARS-CoV-2 in the air. Variables
investigated included patient characteristics, distance from pa-
tient, room ventilation, and supportive treatment with a focus
on potential AGPs.

Setting

Air samples were collected at 3 infectious disease wards,
4 intensive care units (ICUs), 3 medical wards converted to
COVID-19 units, and 1 emergency department. Ventilation in
each room was a nominal 3-4 air changes per hour (ACH). Six
rooms at one of the infectious disease wards had an installed
higher ventilation rate of 8 ACH. As an addition to regular ven-
tilation, mobile High-Efficiency Particulate Air (HEPA)-fil-
tration units, delivering approximately 200 L filtered air per
second, were used at the discretion of the ward staff, but were
recommended when AGPs were performed. Rooms with a mo-
bile HEPA-filtration unit or a high ventilation rate (8-9 ACH)
were defined as rooms with enhanced ventilation. Rooms were
predominantly single or double rooms, but the ICUs also had
larger cohort rooms for up to 16 patients, the latter with up to
4 mobile HEPA-filtration units. Most, but not all, rooms were
equipped with an anteroom between the patient’s room and the
ward corridor.

Patient Characteristics

All patients were laboratory confirmed with COVID-19.
Patients with recent admission or ongoing AGPs were pre-
ferred. Data regarding any potential AGP of the patient closest
to air sampling were collected at sampling. Procedures classified

as potential AGPs in this study were: high-flow nasal cannula
(HENC),
(NIV), airway manipulation (including bronchoscopy, in- and

mechanical ventilation, noninvasive ventilation
extubation, deep airway suction, changes of tube sets and tra-
cheotomy). We also included nebulizer treatment and positive
expiratory airway pressure (PEP) training, procedures which
at the time of our study were not considered AGPs by local
infection-control recommendations. PEP training is a part of
respiratory physiotherapy that uses a flute-like mouthpiece for
the patient to breathe with an active expiration against an expir-
atory resistance, followed by a forced expiration and, normally,
coughing. If airway manipulation or nebulizer treatment was
ongoing, the risk from other possible simultaneous APGs was
excluded from the analysis. Data were collected from medical
records on days since the start of the COVID-19 infection and
SARS-CoV-2 polymerase chain reaction (PCR) cycle threshold
(Ct) value of the most recent nasal and nasopharyngeal or bron-
chial specimen. At the ICU COVID-19 cohort rooms, collected
patient data were sometimes omitted when air sampling was
equally close to more than 1 patient.

Air Sampling

The study team visited the wards several times weekly during
high COVID-19 incidence. Air was sampled from patient
rooms, anterooms, ward corridors, and hospital public areas.
Sampling in patient rooms was performed at a predefined dis-
tance of less than 1 m, 1-2 m, or 2-4 m from the patient’s head.
A liquid cyclone (Coriolis 1; Bertin Instruments, France) was
used to collect air samples. The cyclone operated at 200 L mi-
nute”' for 10 minutes, with 15 mL of phosphate-buffered sa-
line solution as collection liquid, in single-use collection vials
(Bertin Instruments). The method has been used previously
by our group for sampling norovirus [19]. Samples were trans-
ferred to storage at +4°C or —80°C within 2 hours of sampling.
Samples were stored for up to 5 months before analysis.

Air Sample Analysis

The collected air samples were concentrated using Amicon
Ultra-15 centrifugal filter units (50-kDa cutoff; Merck Millipore
KGaA) to a final volume of 140 pL, which was used for RNA
extraction using the QIAamp viral RNA mini kit (Qiagen,
Germany).

Reverse transcription—-quantitative PCR (RT-qPCR) was per-
formed with primers and probes targeting the SARS-CoV-2 N
gene, as described [20], using the qPCRBIO Probe 1-Step Virus
Detect kit (PCR Biosystems Ltd) (details in the Supplementary
Material).

Samples were considered positive if the Ct value was 40 or less
in one or both duplicates of the sample. Negative and positive
controls were performed for air sampling, sample handling, and
RT-qPCR. SARS-CoV-2 RNA stability after storage for longer
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periods at +4°C was also assessed (details in the Supplementary
Material).

Statistical Analysis

Chi square test was used to assess crude differences and odds
ratios (ORs) between categorical variables for positive air sam-
ples. Chi-square test for heterogeneity and Mantel-Haenszel test
were used to test for effect modification and to explore con-
founding variables. Logistic regression was used to analyze ORs
for ordered exposure variables (duration of illness, distance to
sampling, patients in the room, patient Ct value) and in mul-
tivariate analyses adjusting for confounding factors (Ct value
within 5 days, distance to sampling, patients in the room, and
room ventilation). STATA SE/15.1 (StataCorp, College Station,
TX, USA) was used in all statistical analyses.

Ethical Approval

The study was approved by the National Ethical Review Board
in Sweden (project number 2020-01396). An informed written
consent from the patients was generally not possible to obtain
due to the severity of the disease. The ethical review board
approved analysis of limited patient data without consent, in-
cluding patient Ct values for SARS-CoV-2, age, sex, and med-
ical procedure during sampling.

RESULTS

In total, 310 air samples were collected, of which 26 (8%) were
positive for SARS-CoV-2 RNA. Air samples collected from
ward corridors were positive for SARS-CoV-2 RNA in 3 of 51
samples (6%) and 1 of 15 (6%) samples from anterooms. The
positive corridor and anteroom samples were collected at 2 dif-
ferent wards, both times outside patient rooms in which SARS-
CoV-2 was found in the air. None of the 12 samples collected in
hospital public areas were positive.

Of the 231 samples collected within patient rooms, 22 (10%)
were positive for SARS-CoV-2 (Table 1). Results from 182 sam-
ples could be related to data from 88 unique patients nearest to
the sampler. For the remaining 49 samples, all collected at ICU
cohort rooms, potential AGPs were the only individual data re-
corded. For each patient, 1-10 samples (median of 2) were col-
lected at 1-4 separate days.

The estimated concentration of SARS-CoV-2 RNA copies in
positive air samples collected in patient rooms was a median of
115 (interquartile range [IQR], 31-232) copies/m3.

Patient and COVID-19 Characteristics

The median age of the patients in the rooms sampled was
59 years (IQR, 54-76 years), and a majority were male
(Table 1). No association was noted between positive air
sample and patient age or gender. Of air samples collected
within 2 weeks of symptom onset, 14% were positive, com-
pared with only 8% for those collected after more than 2 weeks

(Table 1, Figure 1). The samples were collected a median of 13
days (IQR, 10-20 days) after COVID-19 onset and a median
of 5 days after hospital admission (IQR, 2-12 days). Details of
the patients in rooms with a positive air sample can be found
in Supplementary Table 3.

The Ctvalue of the patient’s most recent PCR test was obtained
for 165 patient room-air samples, and 123 were obtained within
5 days of air sampling (Table 1). The median patient Ct value
was 27 (IQR, 21-31). A patient sample (nasopharyngeal and
tracheal), collected within 5 days of air sampling with a Ct value
less than 25 was associated with a positive air sample (Figure
1). Sensitivity analysis including only patient samples collected
within 3 days did not change the outcome (Supplementary
Table 1). The association between patient Ct values, onset of
disease, and positive air samples is shown in Figure 2. A low
Ct value of the most recent SARS-CoV-2-positive diagnostic
patient test was associated with a positive air sample within the
patient room (OR = 1.7; 95% confidence interval [CI]: 1.0-2.8;
P < .05 for every 5-cycle decrease in patient Ct value) (Figure
2). Odds ratios were unchanged when adjusting for ventilation
and distance, as can be seen in Supplementary Table 1.

Patient Rooms, Distance to Sampling, and Room Ventilation
A shorter distance from air collection to the patient’s head was
associated with a SARS-CoV-2-positive air sample. Each step,
increasing the distance from more than 1 m, 1-2 m, and further
to 2-4 m, reduced the odds of a positive air sample by approx-
imately 50%, respectively (ie, OR = .5 for each step) (Figure 1).
Adding a mobile HEPA-filtration unit to rooms with regular
ventilation was associated with a reduction in SARS-CoV-2 RNA
in the air (Figure 1). This association was similar for all rooms
with an enhanced ventilation, either by a built-in high ventila-
tion rate (35 air samples) or by an added mobile HEPA-filtration
unit (139 air samples) (Table 1, Figure 1). Multivariate analyses
showed that sampling distance, patient’s most recent Ct values,
or number of patients within the room were not considered
confounders to the effect of ventilation (Supplementary Table 1).

Potential Aerosol-Generating Procedures
During 174 (75%) of the air sampling occasions, a potential
AGP was ongoing within the room. When comparing any on-
going potential AGP as a group with no ongoing AGP, no as-
sociation was found with SARS-CoV-2-positive air samples
(Table 1). The patients not subject to any AGP had a shorter du-
ration of illness, a lower patient Ct value, and were more often
treated in a room with regular ventilation (P < .05). Normal ox-
ygen therapy, by mask or nasal cannula, was delivered during
38 of 57 (66%) of samples when no AGP was ongoing. Detailed
characteristics of room samples with any or no ongoing AGP
are presented in Supplementary Table 2.

Of the air samples collected during HFNC, 4 of 58 (7%) were
positive for SARS-CoV-2 (Table 1). No association was seen
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Table 1. Air Samples Collected and Patient and COVID-19 Characteristics, Patient Rooms, and Related Sampling Factors and Ongoing Potential Aerosol

Generating Procedures

Sampling Related Factors Total Air Samples (N = 231) Positive Air Samples (n = 22) P
Patient and COVID-19
Age .78
<55 years 49 7 (14%)
55-75 years 86 9 (10%)
>75 years 47 5 (11%)
Missing 48 1(2%)
Sex 74
Male 127 14 (11 %)
Female 55 7 (13%)
Missing 48 1(2%)
Duration of iliness .33
1-7 days 33 4(12%)
8-14 days 71 11 (15%)
>15 days 78 6 (8%)
Missing 48 1(2%)
Patient Ct values within 5 days® <.05
<25 54 10 (19%)
>25 69 3 (4%)
Missing 108 9 (8%)
Room and sampling
Sampling distance 13
<lm 82 11 (13%)
1-2m 88 7 (8%)
>2m 56 2 (4%)
Missing 5 2 (40%)
Room ventilation <.05
Normal 57 10 (18%)
Enhanced ventilation 174 12 (7%)
Patients in room .10
1 16 15 (13%)
2-4 36 4 (11 %)
>4 79 3 (4%)
Ward type .25
Normal 120 14 (12%)
ICU m 8 (7%)
Aerosol-generating procedures
HFNC® 43
Yes 58 4(7%)
No 173 18 (10%)
Mechanical ventilation® 07
Yes 71 3 (4%)
No 160 19 (12%)
NIV .38
Yes 7 0(0%)
No 224 22 (10%)
Airway manipulation® 28
Yes 26 4 (15%)
No 205 18 (9%)
PEP training <.05
Yes 1 4 (36%)
No 220 18 (8%)
Nebulizer treatment .32
Yes 9 0(0%)
No 222 22 (10%)
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Table1. Continued
Sampling Related Factors Total Air Samples (N = 231) Positive Air Samples (n = 22) P
Any potential AGP 41
Yes 174 15 (9%)
No 57 7 (12%)

Abbreviations: AGP, aerosol-generating procedure; COVID-19, coronavirus disease 2019; Ct, cycle threshold; HFNC, high-flow nasal cannula; ICU, intensive care unit; NIV, noninvasive ven-
tilation (bilevel positive airway pressure [BiPAP]/continuous positive airway pressure [CPAP]); PCR, polymerase chain reaction; PER, positive expiratory pressure training (with a PEP flute);

SARS-CoV-2, severe acute respiratory syndrome coronavirus 2.

?Pvalues of difference in positive air samples within category (excluding missing values) by chi-square test.

°Ct value of patient respiratory tract sample in a positive PCR for SARS-CoV-2 obtained within 5 days from air sampling in the patient’s room.

°During 8 of the air sampling occasions both HFNC and mechanical ventilation were ongoing and these samples occur in both categories.

9Airway manipulation = bronchoscopy, in-and extubation, deep airway suction, changes of tube sets (breaking of closed ventilation system), and tracheotomy.

between HFNC and a positive air sample compared with no
HENC (Figure 1), even when adjusting for sampling distance,
patient Ct values, number of patients in the room, or room ven-
tilation (Supplementary Table 1). None of the 7 air samples col-
lected during NIV were positive for SARS-CoV-2.

Mechanical ventilation was ongoing during 71 of the air sam-
ples collected, of which 3 (4%) were positive for SARS-CoV-2.

No association was found between mechanical ventilation and
a positive air sample compared with no mechanical ventilation
(Figure 1), or when adjusting for sampling distance, patient Ct
values, number of patients in the room, or room ventilation
(Supplementary Table 1).

Airway manipulation occurred during, or minutes be-
fore, 26 of the air samples, of which 4 (15%) were positive for

Lower risk Odds ratio (95% Cl) Higher risk
— p-value CI95%
. ]
Covid-19 onset within 2 weeks vs later '—:—.—' 0.16 0.69-6.67
5.0
SARS-CoV-2 PCR Ct-value <25 vs >25 : ® 001 1.18-29.5
05 1
Longer distance to sampling (m) 1, 1-2, 2-42 —e—} 0.05 0.26-0.99
0.3 |
Enhanced ventilation vs normal ventilation '—.—: 0.02 0.13-0.96
0.3 |
HEPA vs no HEPA filtration unit '—‘—: 0.02 0.12-0.98
]
]
07!
Any AGP vs no AGP — 0.43 0.24-2.07
0.9
L» adjusted for ventilation* ——O— 0.75 0.32-2.29
0.6 ,
HFNC3 —_— 0.43 0.15-2.06
07|
\—v adjusted for ventilation* —O+— 0.57 0.23-2.24
0.3 !
Mechanical ventilation? L : 0.07 0.06-1.17
0.3 1
\—v adjusted for ventilation* -—O—:- 0.09 0.09-1.17
1 1.9
Airway manipulation? -—:—O—- 0.28 0.43-6.47
| 3.2
\—> adjusted for ventilation* HI—O—- 0.07 0.88-11.5
6.4
PEP training? : @ <0.01 1.24-27.8
! 4.4
\—v adjusted for ventilation® ! O 0.04 1.15-18.1
]
0.01 0.1 1 10 100

Figure 1. Odds ratios for characteristics for COVID-19, sampling, room ventilation, and AGPs for positive air samples. 'Ct value of patient diagnostic SARS-CoV-2 PCR test
collected within 5 days from air sampling. “0dds ratio for every category (<1 m, 1-2 m, 2—4 m) away from the patient's head. *Ongoing specific category versus no ongoing
specific category—for example, HFNC versus no HFNC (all other air samples). “Logistic regression adjusted for room ventilation; enhanced, including HEPA-filtration unit or
normal ventilation. Abbreviations: AGP, aerosol-generating procedure; Cl, confidence interval; COVID-19/Covid-19, coronavirus disease 2019; Ct, cycle threshold; HEPA, High-
Efficiency Particulate Air; HFNC, high-flow nasal cannula; PCR, polymerase chain reaction; PEP, positive expiratory pressure; SARS-CoV-2, severe acute respiratory syndrome
coronavirus 2.
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Figure 2. Time since symptom onset, patient Ct value within 5 days, and positive air samples. Abbreviation: Ct, cycle threshold.

SARS-CoV-2. No significant statistical support was found for
an association between airway manipulation and a positive
air sample compared with no airway manipulation (Figure 1).
However, a trend towards an association between airway manip-
ulation and a positive air sample was observed when adjusting
for room ventilation. At least 1 air sample was positive in 4 (20%)
of the, in all, 20 separate airway manipulation occasions sam-
pled. The 4 positive air samples were collected during 1 bron-
choscopy, 2 extubations, and 1 change of tube sets of the total of
4 bronchoscopies, 5 extubations, 2 intubations, 2 changes of tube
sets, 4 tracheal suctions, and 3 tracheostomies sampled.

Positive expiratory airway pressure training was carried out
during 11 of the air samples, involving 7 different patients, of
which 4 samples (36%) were positive for SARS-CoV-2 in 3 dif-
ferent patient rooms. There was a significant association between
PEP training and a positive air sample, also when adjusting for
sampling distance, patient Ct value, number of patients in the
room, or room ventilation (Figure 1).

Nebulizer treatment with drug inhalation was ongoing
during 9 of the samples collected, involving 6 different patients.
None of these samples were positive for SARS-CoV-2.

DISCUSSION

This study shows associations between SARS-CoV-2-positive
air samples and decreasing physical distance from the patient,
a low patient SARS-CoV-2 Ct value, as well as absence of en-
hanced room ventilation. No association was observed with
AGPs as traditionally defined, but there was a higher propor-
tion of positive samples collected during airway manipulation,
such as bronchoscopy and extubation. However, ongoing PEP
training, usually not included as an AGP category, was signifi-
cantly associated with positive air samples.

This is, to our knowledge, the largest investigation of SARS-
CoV-2 in hospital and patient room air, with samples col-
lected from 2 hospitals and more than 10 wards including
multiple different settings and procedures. A number of pre-
vious studies have investigated SARS-CoV-2 RNA in hospital
air, although a majority had less than 50 air samples and only
limited information about connections to ongoing medical
treatments, ventilation, or distance [21]. The proportion of
positive air samples varies considerably between studies, but
taken together, 10-15% of air samples previously collected in
hospitals are reported to be positive for SARS-CoV-2, similar
to our findings [18, 21]. The variation may depend on method,
volume, location of air collection and the subsequent labora-
tory analysis [22].

The highest onward transmission and virus shedding have
been reported during the first days after onset [23, 24]. Our
study shows a direct connection between SARS-CoV-2 in the
air and higher viral loads in patient respiratory tract samples.
The association between airborne SARS-CoV-2 and the du-
ration of illness was less evident than for the Ct value of the
patient, perhaps due to individual variations and prolonged
shedding in severe disease [25].

A connection between poor ventilation in enclosed spaces
and a higher risk for airborne infections have been noted in nu-
merous outbreak investigations [1]. Mainly based on outbreak
reports and modeling, recommendations have been issued to
increase room ventilation to reduce transmission risk [3]. In the
present study, the fraction of SARS-CoV-2-positive air samples
was significantly reduced by increased ventilation or the use of
mobile HEPA units. The results also show a higher proportion
of positive air samples close to patients, which is in agreement
with previous epidemiological and modeling studies showing a
higher risk for transmission at shorter distances [26, 27].
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For most of the included potential AGPs we did not observe
any increased presence of SARS-CoV-2 RNA in the air. With
the exception of airway manipulation, a trend towards lower
risk was noted during other proposed AGPs, such as mechan-
ical ventilation, HFNC, nebulizer treatment, and NIV. This is
in agreement with several recent studies of aerosol emissions
from healthcare procedures and previous studies of transmis-
sion in healthcare [2, 10, 11, 28]. Although almost none of
these studies include analysis of viruses, they show that AGPs
generally produce less aerosol than, for instance, coughing
or speaking. In addition, particle emissions from AGPs are
often limited by masks or tubes around the mouth and nose.
However, patients included in this study did not wear face
masks. Mechanical ventilators also had filters on the expira-
tory limb, likely reducing viral emissions. The only procedure
that was associated with a higher risk of airborne SARS-CoV-2
was PEP training, which is not usually included as an AGP cat-
egory. This can be explained by the opening of small, blocked
airways, where liquid films may burst into micrometer-sized
droplets, generating aerosols to the exhaled breath [29].

One limitation of our study is that the low virus concentra-
tions in the samples did not allow us to determine viability of
the collected virus. Successful attempts to isolate infectious
virus from air samples have previously been published, despite
the difficulties surrounding culturing from low-concentration
isolates [15, 30]. Other limitations include a low number of
air samples from specific settings, especially for NIV, nebu-
lizer treatment, PEP training, and certain categories of airway
manipulation. The number of positive air samples was too few
to permit a correct multiple logistic regression of all possible
confounders. Air samples were collected during prespecified
potential AGPs, but other potentially emitting activities, such as
coughing and talking, were not recorded uniformly and could
thus not be taken into account. The study was conducted during
the first phases of the pandemic, including a short period dom-
inated by the Alpha variant but before the introduction of the
Delta variant. We still believe that the main principles for for-
mation of virus-containing aerosols are the same.

The air sampling collection method had a lower particle size
limitation of approximately 0.5 pm and, thus, excluded viruses
that potentially may be present in very small aerosol particles.
Also, large droplets are unlikely to follow the airstream into the
sampling inlet. Some samples were stored for a long time be-
fore RNA extraction, so RNA degradation might have occurred.
Taken together, we expect the number of positive air samples
and the calculated virus concentrations to be an underestima-
tion of the true presence of SARS-CoV-2 RNA in the air due to
loss at collection and downstream sample analysis. However, we
do not consider these limitations to affect the main conclusions
of our study.

Albeit with a limited sample size in certain subgroups, this
study contributes important additional support for when and

where the risk for airborne transmission of SARS-CoV-2 is high
in hospital settings, and how it can be reduced. Patients with a
high viral load, during the first 1-2 weeks of disease, most likely
constitute the highest risk, especially at short distances. Based
on our results, this applies irrespectively of any ongoing AGP,
with the exception of airway manipulation and PEP training.
Increased ventilation, by mobile HEPA-filtration units or sim-
ilar methods, seems to be an effective way to reduce SARS-
CoV-2 in the surrounding air. The expanded concept of AGP
as a trigger of increased infection-control measures could thus
be questioned in favor of a situation-based approach, where on-
going medical procedures are merely one factor among others.
The introduction of new variants could pose an interesting op-
portunity for future studies. Further studies of airborne trans-
mission are of importance to support and conceptualize a new
infection-control model for SARS-CoV-2 and other respiratory
infections, where patient, disease, and environmental factors
are considered.
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