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ABSTRACT

Transmissibility has increased during the evolution of SARS-CoV-2, possibly by improved airborne transmission. An increased

transmission was noted also in many hospitals. We analyzed SARS-CoV-2 in room air of hospitalized Omicron infected patients

and compared results with previous findings with pre-Delta variants to study if SARS-CoV-2 was more prevalent in patient
rooms after the introduction of Omicron. Only 4 of 75 (5%) air samples, from 3 of 43 included patients, were positive during the
early Omicron wave, compared to 14/120 (12%), from 10 of 60 included patients during the initial wave. No certain statistical

difference between virus variants could be established, but the tendency was a lower occurrence at Omicron infected patients,

also when adjusting for relevant confounders. These finding do not support the initial hypothesis that increased SARS-CoV-2

aerosol emission from diagnosed patients with Omicron could explain any increased risk of hospital transmission.

1 | Background

The evolution of new variants of SARS-CoV-2 has been asso-
ciated with ever increasing transmissibility, co-evolving with
antigenic drift to achieve immune evasion [1]. Increased
transmissibility might be caused by improved viral shedding in
aerosol particles, leading to an enhanced ability to spread
through inhalation [2]. Studies have reported higher virus
concentrations in exhaled breath in patients infected by differ-
ent variants of concern compared to ancestral virus-types |3, 4].
With the introduction of Omicron, a number of outbreaks were
reported in which airborne transmission was considered the
most likely mode of transmission and a significant further
improvement in airborne transmission ability was suspected
[5]. Further studies on exhaled air have reported a high shed-
ding of Omicron variants in aerosols, but similar to Alpha and
Delta variants [3, 4, 6-8]. A higher replication competence in

the human bronchi and nasal tissues was proposed as a possible
mechanism for increased virus-containing aerosol formation
[9]. The Omicron variant surge led to recommendations to
further strengthen airborne precautions in hospitals [10].
Whether the proposed higher shedding of Omicron variants to
aerosols also result in more frequent findings of SARS-CoV-2 in
hospital air compared to the initial strains has, to the best of our
knowledge, not been investigated.

We studied SARS-CoV-2 RNA in hospital air during the pri-
mary wave and at the beginning of the Alpha variant emergence
and examined associations to factors possibly involved in pro-
duction of virus-containing aerosols in a previous study [11].
The aim of the present study was to analyze if SARS-CoV-2
RNA was more common in patient room air during the Omi-
cron wave compared to the beginning of the COVID-19
pandemic.
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2 | Materials and Methods
2.1 | Design

An observational study of SARS-CoV-2 RNA presence in patient
room air was performed at wards treating patients with COVID-
19 in one hospital in Skéne, southern Sweden, from January
2022 to May 2022. During the study period, SARS-CoV-2
Omicron BA.2 subvariant was dominant. Collected data
included patient characteristics, such as the cycle threshold (Ct)
value of the most recent nasopharyngeal swab containing
SARS-CoV-2 and virus subvariant, as well as distance from
patient to air sampler, room ventilation and ongoing potential
aerosol generating procedures (AGP). Results were compared
with air samples collected during the initial wave (March 20,
2020 to April 9, 2021), presented in a previous study [11]. To
make the cohorts more comparable, we excluded patients
treated at the Intensive care units (ICU) during the first wave
since no included patient was treated at the ICU during the
Omicron period. During the initial period no regular virus
typing was performed, but 20 of a total 120 samples were col-
lected during February to April 2021 when the Alpha variant
was swiftly introduced. As the Delta variant emerged July 2021,
samples collected during the initial period are defined as pre-
Delta.

2.2 | Setting and Patients

Air samples were collected at five wards involved in COVID-19
care. Standard ventilation was 3-4 air changes per hour (ACH),
but some rooms had enhanced ventilation either by preinstalled
8 ACH mechanical ventilation or by mobile High-Efficiency
Particulate Air (HEPA)-filtration units, delivering filtered air at
an approximate airflow rate of 200 L/s. All patients were labo-
ratory confirmed with COVID-19. Patients with recent SARS-
CoV-2 PCR test were preferred. Data on patient characteristics
and information about the most recent SARS-CoV-2 test were
collected from medical records.

2.3 | Air Sampling

Air was sampled from patient rooms at predefined distances of
1, 1-2, or 2-4m from the patient's head. A liquid cyclone
(Coriolis u, Bertin Instruments, France) was used to collect air
samples. The cyclone operated at 200 L/min for 10 min, with
15 mL of phosphate-buffered saline solution as collection liquid,
in single-use collection vials.

2.4 | Laboratory 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 uL, which was used for RNA
extraction using the QIAamp viral RNA mini kit (Qiagen,
Germany). Reverse transcription—quantitative PCR (RT-qPCR)
was performed, with two replicates, using qPCRBIO Probe
1-Step Virus Detect kit (PCR Biosystems) with primers and

probes targeting the SARS-CoV-2 E-gene, as previously
described [12]. Serial dilutions of an in-house quantified DNA
amplicon containing the E and N gene (see Supporting Infor-
mation S1: Figure S1). Samples with a Ct-value <40.5 were
considered positive. Negative controls were collected with
respect to air sampling, sample handling, and RT-qPCR.

2.5 | Statistical Analysis

Logistic regression and Chi-squared test were used to explore
differences between air samples collected from patients with
pre-Delta and Omicron infections. STATA SE/15.1 (StataCorp,
College Station, TX, USA) was used for all statistical analyses.

3 | Results

Patient and environmental characteristics of the rooms where
the air samples were collected are presented in Table 1, with a
comparison between the initial wave with ancestral virus and
Alpha variants and the later Omicron wave. In total, 75 air
samples were collected during the Omicron period, of which 4
(5%) were positive for SARS-CoV-2 RNA (Table 2). All positive
air samples had high Ct-values (> 39) close to detection limit,
indicating low concentrations. Air samples were collected from
rooms with 43 unique patients. A median of two (range: 1-4)
samples were collected from each patient's room air. Ten of the
patients received high flow nasal oxygen, two were treated with
non-invasive ventilation and two were also treated with nebu-
lizer during air sample collection. Eleven of the 43 patients were
considered immunocompromised. Seven had ongoing treat-
ment with monoclonal antibodies and/or remdesivir. Infecting
subtype was established in 30 of the 43 patients, with BA.2 and
BA.1 in 26 (87%) and 4 (13%), respectively. The four positive air
samples were collected from three different patients, two pa-
tients with BA.2, and one without subtype analysis. The results
of the SARS-CoV-2 PCR analyses of patient room air from the
Omicron period and the initial period are presented in Table 2.

In comparison with the results from our previous study in the
same settings, no differences were found between proportions
of SARS-CoV-2 positive air samples during the Omicron BA.2
wave and the primary wave of pre-Delta SARS-CoV-2, even
when adjusting for patient characteristics and setting (see
Table 3). At patient level, 3 of 43 (7%) patients had at least one
positive air sample during the Omicron period, compared to 10
of 60 (17%) during the initial period (p = 0.14).

In unadjusted analysis with all air samples from the previous
study, which also included 111 air samples from ICU gave
similar results for Omicron versus pre-Delta to be positive in air
(OR=0.54, 95% CI=0.18-1.6, p=0.27).

4 | Discussion

In this study, repeating air sample collection from the rooms of
patients with ongoing SARS-CoV-2 infection, no difference in
prevalence of SARS-CoV-2 RNA in the air between Omicron
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TABLE 1 | Air samples collected in patient rooms with Omicron or pre-Delta SARS-CoV-2 variants and patient and environmental factors.
Omicron Pre-Delta* P
Total samples 75 120
Patient Age, median (IQR) 78 (68-84) 61 (55-77) <0.05
Sex male % 61% 70% 0.2
Days from symptom onset, median (IQR) 9 (5-14) 12 (9-16) 0.6
Days from admission, median (IQR) 4 (2-7) 4 (2-8) 0.3
Patient Ct-values within 5 days', median (IQR) 20 (18-24) (n=60) 24.2(21-30)(n=83) <0.05
Previous SARS-CoV-2 immunization (2-3 vaccine doses) 55 (77%) 0 (0%) <0.05
Antiviral treatment 15 (20%) 0 (0%) <0.05
Sampling distance
Environment <1lm 26 (35%) 50 (43%) <0.05
1-2m 24 (32%) 50 (43%)
>2m 24 (32%) 16 (14%)
Room ventilation
Normal 31 (41%) 39 (33%) 0.2
Enhanced 44 (59%) 81 (67%)
Single room 70 (93%) 109 (91%) 0.5
AGP HFNO? 16 (21%) 43 (36%) <0.05
NIV* 4 (5%) 4 (3%) 0.5
Nebulizer treatment 4 (5%) 7 (6%) 0.9
PEP training’ 0 11 (9%) <0.05
Any potential AGP® 22 (29%) 65 (54%) <0.05

Note: *Data extracted from Thuresson et al. [11].

!Ct-value from a recent (within 5 days from air sampling) upper airway SARS-CoV-2 PCR.

2Including monoclonal antibody treatment and/or remdesivir.
*High flow nasal oxygen.

*Non-invasive ventilation, with CPAP or BiPAP.

SPositive expiratory pressure training, with a PEP-flute.

6Aerosol-generating procedures (proposed), here including HFNC, NIV, nebulizer treatment, PEP-training.

and pre-Delta virus variants could be found. The tendency was
that airborne SARS-CoV-2 RNA was more rarely occurring
during the Omicron period, contrary to pre-study perception.

This study is, to our knowledge, the largest investigation of
Omicron in patient room air. However, the still limited number
of collected air samples and few positive outcomes makes it
difficult to draw firm conclusions when trying to compare the
results with the initial period. The current study had the sta-
tistical power (0.8, alpha =0.05) to detect a significant differ-
ence between the virus variants if the proportion of Omicron-
positive air samples was less than 2% or higher than 29% in an
unadjusted analysis. This study found a lower prevalence of
Omicron RNA in air compared to previous studies. Ong et al.
[13] reported at least one positive air sample from 21 out of 38
(55%) Omicron-infected patients, which was more frequent
than for the Delta variant. Compared to the present study, Ong
et al. [13] collected air closer to the patient's head and a
few days earlier since symptom onset.

One possible explanation to our results of low rate of positive air
samples in patient rooms during the Omicron period, con-
trasting to a high reported transmissibility, might be a different
viral shedding kinetic to ancestral variants, as Omicron may

have a higher early, but shorter shedding as indicated also by
the high secondary attack rate but shorter infection serial
interval [14-16]. However, due to changes in case population
and situation between the initial pre-Delta period and the
Omicron period, including sampling distances, room ventila-
tion, need for AGP, immunization and treatment, conclusions
around differences in viral shedding could not be drawn from
our study since a standardized and fully adjusted comparison of
variants was not possible.

Our results still indicate that any increased hospital transmis-
sion during the Omicron wave was not primarily driven by
hospitalized patients diagnosed with COVID-19 as primary
diagnosis, but instead, more likely, by patients and health-care
workers with a recent undiagnosed infection.

Our study has some additional limitations. The number of
included patients and air samples collected was too small to
permit multivariable analyses of any association to positive air
samples and other potentially important variables, such as
vaccination status, antiviral treatment, and immuno-
suppression. No typing of the virus strains was performed
during the initial wave, but only a small proportion (~10%)
could have been collected from Alpha variant infected patients
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TABLE 2 | SARS-CoV-2 RNA positive air samples collected in patient rooms with Omicron or pre-Delta variants.

Omicron: Positive/

Pre-Delta: Positive/

total air samples % pos total air samples* % pos
Total samples 4/75 5% 14/120 12%
Age (years)
Patient and <55 2/10 20% 4/31 13%
COVID-19 55-75 1/23 4% 5/49 10%
> 175 1/42 2% 5/40 13%
Sex
Male 3/46 9% 10/84 11%
Female 1/29 3% 4/36 13%
Days from symptom onset
1-7 3/36 7% 3/27 11%
8-14 1/24 4% 9/55 16%
>15 0/15 0% 2/38 5%
Patient Ct-values within 5
days!
<25 4/48 8% 8/46 17%
> 25 0/12 0% 1/37 3%
Immunization status
(vaccine doses)
2-3 3/55 5% 0/0
0 1/16 13% 14/120 12%
Antiviral treatment?
Yes 2/15 13% 0/0
No 2/60 3% 14/120 12%
Sampling distance (m)
Environment <1 1/26 4% 8/50 16%
1-2 2/24 6% 3/50 6%
>2 1/24 4% 2/16 13%
Room ventilation
Normal 2/31 6% 8/39 21%
Enhanced 2/44 5% 6/81 7%
Single room
Yes 4/70 6% 14/109 13%
No 0/5 0% 0/11 0%
HFNO?
AGP Yes 0/16 0% 3/43 7%
No 4/59 7% 11/77 14%
NIV*
Yes 1/4 25% 0/4 0%
No 3/71 4% 14/116 12%
Nebulizer treatment
Yes 1/4 25% 0/7 0%
No 3/71 4% 14/113 10%
PEP-training®
(Continues)
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TABLE 2 | (Continued)

Omicron: Positive/

Pre-Delta: Positive/

total air samples % pos total air samples* % pos
Yes 0/0 4/11 36%
No 4/75 5% 10/109 9%
Any potential AGP®
Yes 1/22 5% 7/65 11%
No 3/53 6% 7/55 13%
Note: *Data extracted from Thuresson et al. [11].
!Ct-value from a recent (within 5 days from air sampling) upper airway SARS-CoV-2 PCR.
%Including monoclonal antibody treatment and/or remdesivir.
*High flow nasal oxygen.
“Non-invasive ventilation, with CPAP or BiPAP.
®Positive expiratory pressure training, with a PEP-flute.
6Aerosol»generating procedures (proposed), here including HFNC, NIV, nebulizer treatment, PEP-training.
TABLE 3 | Adjusted odds ratio for an air sample to be positive for SARS CoV-2 comparing Omicron vs. ancestral virus adjusted for confounding
variables.
Odds ratio Confidence interval 95% p-value
Total samples 0.43 0.13-1.3 0.15
Adjusted for
Age (years) 0.51 0.16-1.7 0.27
Days from symptom onset (days) 0.40 0.12-1.3 0.12
Patient Ct-values within 5 days' 0.39 0.11-1.4 0.15
Sampling distance 0.48 0.15-1.6 0.22
Room ventilation 0.38 0.12-1.2 0.11

!Ct-value from a recent (within 5 days from air sampling) upper airway SARS-CoV-2 PCR.

and the Delta variant was introduced later. We used different
primers in the RT-qPCR compared to the previous study,
though these two different primers had comparable sensitivity
and yielded comparable Ct-values (data not shown).

In conclusion, the occurrence of SARS-CoV-2 positive air in
patient rooms of Omicron infected patients seems equal to or
lower compared to the pre-Delta variants. This suggest other
factors as the main drivers behind any increased hospital
transmission during the Omicron wave.
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