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Sara Thuresson a, Malin Alsved a, Åsa Leijonhufvud b,c, Andreas Herbst d,e,
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S U M M A R Y

Background: Healthcare workers in obstetric clinics may be exposed to airborne SARS-
CoV-2 when treating patients with COVID-19.
Method: In this study, performed during the midst of the pandemic, air samples were
collected in delivery rooms during childbirth and analysed for SARS-CoV-2 RNA content.
Result: Six of 28 samples collected inside delivery rooms were positive for SARS-CoV-2, but
none in anterooms or corridors. Five of the six positive samples were from the same
occasion.
Discussion: This indicates that some patients could be major sources of exhaled virus,
although the individual variation is large, and it is thus difficult to predict the risk of
infection.

ª 2024 The Authors. Published by Elsevier Ltd
on behalf of The Healthcare Infection Society. This is an open access article

under the CC BY license (http://creativecommons.org/licenses/by/4.0/).
Introduction

Numerous studies have investigated the presence of SARS-
CoV-2 in hospital air to assess the risk of infection via inhala-
tion when interacting with COVID-19 patients [1e3], but only a
handful of studies have measured SARS-CoV-2 in delivery rooms
[4e7]. During childbirth, respiratory emissions are increased
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due to heavy breathing, potentially carrying infectious
virus [8]. Moreover, the use of face masks in these situations
is limited due to the physical exertion of pushing during
delivery.

To date, published studies on airborne SARS-CoV-2 during
delivery only include small numbers of air samples from
childbirth (<25, often <10, per study) [4e7]. For vaginal
delivery, the total number of measured occasions is around 15,
whereof airborne SARS-CoV-2 was only detected during 3.
However, on several occasions patients wore a mask, which
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reduces respiratory emissions, and often room ventilation was
high (up to 15 air exchanges per hour).

The aim of the current study was to further explore the
presence of airborne SARS-CoV-2 RNA during vaginal delivery by
patients without face masks.

Methods

The research team was notified by clinicians when a mother
who had recently tested positive for COVID-19 was about to
give birth. Air samples were then collected at two hospitals in
Southern Sweden during Nov 2020 to Jan 2022, before, during
and after delivery over the course of 1e6 hours. The air sam-
plers were placed 0.5e2.5 m from the mother’s head, at a
height of about 1 m. Samples were also collected from adja-
cent anterooms and corridors. The delivery rooms were con-
structed with an outside air delivery rate of 60e120 litres/
second (w3e6 air changes per hour), and the possibility to use
an additional mobile High-Efficiency Particulate Air (HEPA)e
filtration unit. Ventilation measurements or any use of a HEPA-
filtration unit was not recorded in this study.

Liquid cyclones (Coriolis m, Bertin Instruments) were used
for air collection, operating at 200 L min�1 for 10 min, with 15
mL of phosphate-buffered saline solution as collection liquid.
The collection liquid was concentrated using Amicon Ultra-15
centrifugal filter units (50 kDa cutoff, Merck Millipore) and
stored at -80 �C until analysis. SARS-CoV-2 RNAwas detected by
real time reverse transcription polymerase chain reaction (RT-
qPCR) performed as in our previous work [9].

Ethics statement

The study was approved by the National Ethical Review
Board in Sweden (number 2020-01396).

Results and discussion

In total, 43 air samples were collected during six childbirths,
of which 28 were from delivery rooms, 9 from anterooms, 5
from corridors and 1 from a canteen in the ward. The number of
collected and positive samples per occasion, as well as patient
characteristics, are presented in Table I.
Table I

Patient characteristics and collected air samples for each sampling oc

Individual Time spent

in DRa before

first sampling

(hrs)

Days since

last positive

test

Days since

symptom

onset

Symptoms

at delivery

1 8 0 12 Nasal congestio
2 7.5 3b 3 Nasal congestio
3 4 3 - Asymptomatic
4 11.5 0 2 Sore throat
5 4.5 2 5 “Minor symptom
6 7 0 0 Low grade feve
a DR ¼ delivery room.
b Tested negative on the day of delivery.
c NO¼ nitrous oxide; ED¼epidural; S¼spinal.
All air samples were positive from inside the room of
patient 3, who never showed any symptoms but was positive
by PCR. The father, who was present in the room, was also
positive by PCR. The sample collected from the anteroom to
patient 3’s delivery room was negative, indicating limited
spread of virus particles through the entrance door. Patient 4
was positive by rapid antigen test and had a sore throat, but
only one positive air sample (before delivery) was found.
Patient 4 was likely close to symptom onset, increasing the
probability of a high viral load and subsequent higher risk of
emitting airborne virus [9]. However, patients 2 and 6 were
also early on in the disease but provided only negative air
samples. Face masks were not worn by the patients on any of
the occasions.

All positive samples were found at a distance of 1e2 m from
the patient. RNA concentrations were low (Ct values
37.7e40.5), similar to concentrations usually found in hospital
environments where COVID-19 patients are present [1,2]. All
samples from anterooms and corridors were negative. The risk
of false positives we consider as low; all negative controls were
negative by RT-qPCR.

Compared to previous studies of SARS-CoV-2 in air, both
during childbirth and from other hospital environments,
the proportion of positive air samples in our study was high
(21% compared to around 10%) [1]. However, this is mainly
attributed to patient 3 where all five samples were positive.
A comparable study revealed a similar pattern, with around 20
% positive samples in total whereof the majority from a single
patient [5]. In a study performed in the same area during the
same time period, 17 patients of 88 (19%) showed at least one
SARS-CoV-2 RNA positive sample in collected patient room air,
as compared to 2 of 6 (33%) in this study [9]. The
results indicate that there are patients who potentially spread
a lot of virus during childbirth, similar to covid-care in gen-
eral, but it is difficult to predict who those will be. Healthcare
personnel often have prolonged and close contact with
patients during childbirth in rooms that are not primarily
designed for infection prevention. This increases the risk of
exposure to airborne virus, which motivates the use of face
masks and other prevention strategies against airborne
pathogens. Enhanced ventilation is one additional measure
that could be used [9], and the negative results of all ante-
room and corridor samples indicate that ventilation measures
casion

Anaesthesiac SARS-CoV-2 positive/collected air samples

Total collected

from DRa
Before

pushing

During

pushing

After

delivery

n NO, ED 0/4 0/2 0/1 0/1
n NO 0/6 0/0 0/0 0/6

NO, S 5/5 2/2 2/2 1/1
NO, ED 1/6 1/2 0/2 0/2

s” NO 0/4 0/1 0/2 0/1
r NO, ED 0/3 0/1 0/2 0/0
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prevented long-range transport of virus outside of the patient
room in this study.
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