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Detection of mpox virus in ambient air in a sexual health clinic
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Abstract

Although transmitted mainly through direct (sexual) contact, mpox virus (MPXV) can be detected in ambient air. We
explored the use of air sampling for diagnosis or (genomic) surveillance of mpox in a sexual health clinic. For six out of
six patients who were infected with MPXYV, all four of our ambient air PCR tests were positive. For 14 uninfected patients,
PCR was positive in three ambient air samples, albeit with higher cycle threshold (C,) values. Genomic sequencing of

samples from two positive patients showed matching sequences between air and clinical samples.
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Introduction

The 2022 global epidemic of mpox (formerly monkeypox),
caused by mpox virus (MPXV), is driven by human-to-
human transmission, mainly through close contact during
sexual intercourse [1]. Nevertheless, respiratory transmis-
sion may also play a role, as the viral load of MPXV is
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often high in respiratory samples [2, 3]. Indeed, three recent
studies demonstrated the presence of MPXV in ambient
air. Gould et al. [2] detected MPXV DNA in the vicinity
of infected patients in five out of eight samples, using a 50
L/min sampler, but in none of the three samples obtained
using a 4 L/min sampler, each for 10 min. Hernaez et al. [3]
detected a positive signal in at least one out of three gPCR
tests on all 42 ambient air samples collected using a 30 L/
min sampler for 3045 min. In that study, samples were
considered positive only if at least two out of three tests
were positive with a mean cycle threshold (C,) <35. This
resulted in a positivity rate of 64% (27/42). Mellon et al.
[4] detected a positive qPCR signal in six out of six qPCR
tests on ambient samples taken during visits by one or more
mpox-positive patients when using a 200 L/min sampler for
4 hours. In that study, the investigators sampled across sev-
eral patient visits, did not collect matching clinical samples
from all patients, and used a C, value of 40 as the cutoff.
These findings demonstrate not only that MPXV has the
potential to become airborne but also that ambient air sam-
pling may be used for surveillance of emerging pathogens
such as mpox [5, 6], or even as a non-invasive diagnostic
test. While surveillance requires high sensitivity, diagnosis
requires additional emphasis on specificity. We therefore
further investigated the accuracy of ambient air sampling
in mpox diagnosis or surveillance by including negative
controls. We also attempted to validate air sampling for
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genomic surveillance, which would increase the value of
this approach.

Materials and methods

Between September 1 and October 21, 2022, we sampled
ambient air in an ambulatory examination room in a sexual
health clinic during visits of a total of 20 patients with sus-
pected mpox (Supplementary Fig. S1). During each visit,
we sampled air for 20 min using a 200 L/min active air sam-
pler (AerosolSense, Thermo Fisher Scientific), placed at a
height of 1.9 m (Supplementary Fig. S2). The HEPA-filter-
based ventilation unit generated 10.4 air changes per hour in
the examination room. We also collected samples from skin
lesions, anal swabs, and saliva. All surfaces in the sampling
room were cleaned using alcohol-based rapid disinfectant
(Bacillol® AF) between patient visits. Healthcare work-
ers took precautions against contact, droplet, and airborne
infection during sampling, using a contact isolation gown,
an N95 respirator, a face shield, and nitrile gloves. To test
for room contamination, we collected six surface samples
in the examination room on one occasion. We collected 19
air samples in an unused room as an additional negative
control.

After collection, two individual collection substrates in
the sample cartridge and the flocked swabs were suspended
separately in 2 ml of ESwab® Amies medium, vortexed at
high speed for 10 s, shaken for 20 min, and stored at 4°C.
For all samples, 300 pL of the liquefied sample was lysed
for 20 min at 56°C using proteinase K, followed by auto-
mated DNA extraction (Maxwell®; Promega; 75 pl elution
volume). They were then analyzed using two PCR assays:
an in-house qPCR assay targeting the MPXV-TNF recep-
tor gene [7, 8] and a commercial MPXV-PCR DM 1.5 kit
(Altona Diagnostics, Germany). The air samples collected
in an unused room were tested using the in-house PCR
assay only.

To confirm that the airborne virus originated from the
patient being examined and to evaluate the validity of
using air sampling for genomic surveillance, we performed
MPXV genome sequencing and single-nucleotide variant
(SNV) analysis on matching skin, saliva, and ambient air
samples from three selected patients with a high, medium,
and low MPXYV viral load in ambient air samples (cases 1,
6, and 11, respectively; see Supplementary Table S1 for C,
values). Extracted DNA was amplified using primer sets
described previously [9], and the resulting amplicons were
barcoded using an Oxford Nanopore Ligation Sequencing
Kit (SQK-LSK109) with a Native Barcoding Expansion Kit
(EXP-NBD104) before sequencing on a MinlON flow cell
(R9.4.1, Oxford Nanopore Technologies). Sequence read

@ Springer

analysis was done using the United States 2022 sequence
ONS563414.3 as a reference sequence as described previ-
ously [7]. Nucleotides in the consensus sequences were
considered uncertain (N) if they had a minimum sequenc-
ing depth of 5, consisting of individual bases with minimum
quality of 7 (Phred score). For the ambient air samples,
MPXYV reads generated over two independent sequenc-
ing runs were assembled. The consensus MPXV genome
sequences were aligned with a reference MPXV genome
sequence (accession no. ON563414.3) to identify single-
nucleotide variants (SN'Vs).

Results

Saliva, skin, and anorectal samples from six patients tested
positive for MPXYV, and these patients were considered
infected, while 14 tested negative (Supplementary Table
S1). Supplementary Table S2 lists patient characteristics
and clinical presentation.

All PCR assays (24/24) performed on air samples col-
lected in the vicinity of infected patients were positive.
Hence, for six out of six cases, all four PCR tests were posi-
tive. For air samples collected near uninfected patients, 22
out of 52 PCRs were positive, with air samples from three of
14 uninfected patients testing positive in all four PCR tests.
The median C, value in qPCR was 33.14 (IQR 31.58-35.13)
for infected patients and 45 (IQR 38.35-45) for uninfected
patients. PCR tests performed on 19 ambient air samples
taken in an unused room were positive in five out of 76 tests,
with C, values between 39.33 and 44.03 (Fig. 1, Supple-
mentary Table S3). None of these negative control samples
tested positive in any of the four PCR tests.

Out of six surface samples collected in the examination
room, three tested positive in a single PCR test, with C, val-
ues ranging from 37.21 to 38.4 (Supplementary Table S4).

Lastly, out of nine independent samples sequenced (one
air, one saliva, and one skin sample each from three selected
patients), four genome sequences (Fig. 2) that generated less
than 10% uncertainly called bases (Ns) were included in
the SNV analysis. These included the skin and ambient air
samples of cases 1 and 6, which had the lowest ambient air
C, values of the three selected cases. The average sequenc-
ing depth for these samples was 273.18 (case 1 air, acces-
sion no. 0Q973326), 1881.90 (case 1 skin, accession no.
0Q973327), 1477.93 (case 6 air, accession no. 0Q973328),
and 1064.54 (case 6 skin, accession no. 0Q973329). MPXV
genome sequencing and single-nucleotide variant (SNV)
analysis demonstrated matching sequences for both sample
types (Fig. 2, Supplementary Table S5, Supplementary File
“AlignmentFile.aln”).
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Fig. 1 Air sampling results. The figure shows the individual qPCR of an individual patient. The two collection substrates in each sample
C, values (y-axis) of all ambient air samples (x-axis), which were cartridge were analyzed separately using both an in-house gPCR assay
collected either in an outpatient examination room in the presence (D) and an Altona qPCR assay (O). See Supplementary Table S1 for
of infected (red) or uninfected (blue) patients or in an unused room the C, value obtained with each sample, collection substrate, and PCR
(green). The ticks on the x-axis indicate samples taken in the presence test.
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Fig. 2 MPXV genome sequencing and SNV analysis. Genome are indicated at the bottom. The genomic coordinates of the SNVs

sequences obtained from skin and ambient air samples from cases 1 from skin and ambient air samples and the functional information on
and 6 matched the United States 2022 sequence (ON563414.3). Bases each mutation can be found in Supplementary Table S5. The genome
differing from the reference sequence are shown in green. The posi- sequence alignment file is provided as a separate supplementary file.

tions of genome SNVs relative to the reference genome sequences
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Discussion

As did Hernaez et al. [3], we readily detected MPXV DNA
in ambient air samples collected in the vicinity of mpox-
infected patients during their visit to a sexual health clinic.
Using sequencing and SNV analysis, we demonstrated that
the MPXYV detected in ambient air originated from the visit-
ing patient.

Detection of MPXV DNA in ambient air, however, does
not prove aerogenic transmission of the virus. Based on our
findings, we can, therefore, not make recommendations
regarding precautions against droplet or airborne infections.
Indeed, epidemiological data indicate that the 2022 global
outbreak was mainly driven by close contact, especially
during sexual intercourse [1].

Our findings do indicate, however, that in high-risk set-
tings, ambient air sampling might be used for non-invasive
surveillance — including genomic surveillance — or even
diagnosis of MPXYV. More than for surveillance, however,
high test specificity is needed for diagnosis. Due to the wan-
ing of the mpox epidemic, we were unable to obtain a suf-
ficient sample size to adequately assess the accuracy of air
sampling for diagnostic testing, but we did make some use-
ful observations.

Low sensitivity can be partly overcome by using high-
flow samplers and sensitive qPCR platforms like the ones
used in this study [5]. Low specificity might result from lab
contamination or nonspecific amplification. This may be the
reason that we detected mpox virus DNA in five out of 76
air samples collected in an unused room, albeit with high C,
values. In addition, false-positive PCRs can result from con-
tamination of a clinical environment by previously evalu-
ated patients. This contamination can result from viral DNA
lingering in the air or settling and resuspending. Despite
continuous HEPA filtration and surface cleaning between
patients, we detected MPXV DNA in 22 out of 52 qPCR
tests on air samples obtained near patients without MPXV
infection and in three out of six surface swabs [2]. Higher
PCR positivity rates and lower C, values in samples col-
lected near infected patients, however, suggest that multiple
samplings and setting appropriate C, cutoff values can be
used to improve specificity.

Supplementary Information The online version  contains
supplementary material available at https://doi.org/10.1007/s00705-
023-05837-z.

Funding This work was supported by Research Foundation Flanders
(grant number G096222N to L.L.; 1S88723N to JR) and the Depart-
ment of Economy, Science, and Innovation of the Flemish govern-
ment. The funders had no role in study design, data collection and
analysis, decision to publish, or preparation of the manuscript.

Declarations

@ Springer

Conflict of interest None declared by any of the authors.

Ethical approval All patients provided informed consent. The Institute
of Tropical Medicine investigational review board (1641/22) and the
University Hospitals Antwerp Ethics Committee (ref. 4981) approved
the study.

Open Access This article is licensed under a Creative Commons
Attribution 4.0 International License, which permits use, sharing,
adaptation, distribution and reproduction in any medium or format,
as long as you give appropriate credit to the original author(s) and the
source, provide a link to the Creative Commons licence, and indicate
if changes were made. The images or other third party material in this
article are included in the article’s Creative Commons licence, unless
indicated otherwise in a credit line to the material. If material is not
included in the article’s Creative Commons licence and your intended
use is not permitted by statutory regulation or exceeds the permitted
use, you will need to obtain permission directly from the copyright
holder. To view a copy of this licence, visit http://creativecommons.
org/licenses/by/4.0/.

References

1. Angelo KM et al (Oct. 2022) Epidemiological and clinical char-
acteristics of patients with monkeypox in the GeoSentinel Net-
work: a cross-sectional study. Lancet Infect Dis 0(0). https://doi.
org/10.1016/51473-3099(22)00651-x

2. Gould S et al (2022) ‘Air and surface sampling for monkey-
pox virus in a UK hospital: an observational study’, Lancet
Microbe, vol. 3, no. 12, pp. €904—e911, https://doi.org/10.1016/
$2666-5247(22)00257-9

3. Hernaez B et al (Nov. 2022) Monitoring monkeypox virus in
saliva and air samples in Spain: a cross-sectional study. Lancet
Microbe 0(0). https://doi.org/10.1016/S2666-5247(22)00291-9

4. Mellon G et al (Dec. 2022) Air detection of monkeypox virus in
a dedicated outpatient clinic room for monkeypox infection diag-
nosis. J Infect. https://doi.org/10.1016/J.JINF.2022.12.025

5. Raymenants J et al (2022) ‘Natural ventilation, low CO2 and
air filtration are associated with reduced indoor air respira-
tory pathogens’, medRxiv, p. 2022.09.23.22280263, https://doi.
org/10.1101/2022.09.23.22280263

6. Ramuta MD et al (2022) ‘SARS-CoV-2 and other respiratory
pathogens are detected in continuous air samples from congre-
gate settings’, Nature Communications 2022 13:1, vol. 13, no. 1,
pp- 1-14, https://doi.org/10.1038/s41467-022-32406-w

7. de Baetselier I et al (2022) ‘Retrospective detection of asymp-
tomatic monkeypox virus infections among male sexual health
clinic attendees in Belgium’, Nature Medicine 2022, pp. 1-1,
https://doi.org/10.1038/s41591-022-02004-w

8. LiY, Olson VA, Laue T, Laker MT, Damon IK (2006) ‘Detec-
tion of monkeypox virus with real-time PCR assays’, Journal
of Clinical Virology, vol. 36, no. 3, pp. 194-203, Jul. https://doi.
org/10.1016/J.JCV.2006.03.012

9. Welkers M, Jonges M, van den Ouden A (2022) ‘Monkeypox
virus whole genome sequencing using combination of NextGen-
PCR and Oxford Nanopore’. https://www.protocols.io/private/9
74ACB78F83911EC998COAS8AIFEACO2?step=5  (accessed
Dec. 21,

Publisher’s Note Springer Nature remains neutral with regard to juris-
dictional claims in published maps and institutional affiliations.


http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://doi.org/10.1016/s1473-3099(22)00651-x
https://doi.org/10.1016/s1473-3099(22)00651-x
https://doi.org/10.1016/s2666-5247(22)00257-9
https://doi.org/10.1016/s2666-5247(22)00257-9
https://doi.org/10.1016/S2666-5247(22)00291-9
https://doi.org/10.1016/J.JINF.2022.12.025
https://doi.org/10.1101/2022.09.23.22280263
https://doi.org/10.1101/2022.09.23.22280263
https://doi.org/10.1038/s41467-022-32406-w
https://doi.org/10.1038/s41591-022-02004-w
https://doi.org/10.1016/J.JCV.2006.03.012
https://doi.org/10.1016/J.JCV.2006.03.012
https://www.protocols.io/private/974ACB78
https://www.protocols.io/private/974ACB78
https://doi.org/10.1007/s00705-023-05837-z
https://doi.org/10.1007/s00705-023-05837-z

	﻿Detection of mpox virus in ambient air in a sexual health clinic
	﻿Abstract
	﻿Introduction
	﻿Materials and methods
	﻿Results
	﻿Discussion
	﻿References


