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ABSTRACT
Objectives SARS- CoV-2- related disease, referred to 
as COVID-19, has emerged as a global pandemic since 
December 2019. While there is growing recognition 
regarding possible airborne transmission, particularly 
in the setting of aerosol- generating procedures and 
treatments, whether nasopharyngeal and oropharyngeal 
swabs for SARS- CoV-2 generate aerosols remains unclear.
Design Systematic review.
Data sources We searched Ovid MEDLINE and EMBASE 
up to 3 November 2020. We also searched the China 
National Knowledge Infrastructure, Chinese Medical 
Journal Network, medRxiv and  ClinicalTrials. gov up to 29 
March 2020.
Eligibility criteria All comparative and non- comparative 
studies that evaluated dispersion or aerosolisation of 
viable airborne organisms, or transmission of infection 
associated with nasopharyngeal or oropharyngeal swab 
testing.
Results Of 7702 citations, only one study was deemed 
eligible. Using a dedicated sampling room with negative 
pressure isolation room, personal protective equipment 
including N95 or higher masks, strict sterilisation 
protocols, structured training with standardised collection 
methods and a structured collection and delivery system, 
a tertiary care hospital proved a 0% healthcare worker 
infection rate among eight nurses conducting over 
11 000 nasopharyngeal swabs. No studies examining 
transmissibility with other safety protocols, nor any 
studies quantifying the risk of aerosol generation with 
nasopharyngeal or oropharyngeal swabs for detection of 
SARS- CoV-2, were identified.
Conclusions There is limited to no published data 
regarding aerosol generation and risk of transmission 
with nasopharyngeal and oropharyngeal swabs for the 
detection of SARS- CoV-2. Field experiments to quantify 
this risk are warranted. Vigilance in adhering to current 
standards for infection control is suggested.

BACKGROUND
In late December 2019, a novel coronavirus, 
subsequently referred to by the World Health 
Organization (WHO) as SARS- CoV-2, was 
identified as the cause of atypical pneumonia 
cases detected in Wuhan, China.1 Since then, 
SARS- CoV-2- related disease (named COVID-
19) has emerged as a global pandemic.2 In 
1 year, SARS- CoV-2 has spread to over 200 
countries, infecting over 100 million indi-
viduals, and causing over 2 million deaths 
internationally.3

International infection control guidance 
initially stated that viral transmission is likely 
primarily through direct, indirect or close 
contact with infected salivary and respiratory 

Strengths and limitations of this study

 ► A comprehensive literature search incorporating 
English and Chinese- language peer- reviewed liter-
ature, grey literature and preprint databases was 
conducted.

 ► The literature search included inpatient and outpa-
tient testing settings.

 ► The literature search accounted for available direct 
and indirect evidence.

 ► Findings of this systematic review were limited to 
one study evaluating transmission risk to health-
care personnel conducting nasopharyngeal swabs; 
no studies directly quantified the risk of airborne 
transmission.

 ► The findings of the systematic review preclude sub-
stantive evidence- informed guidance, and warrant 
vigilance in adhering to current standards for infec-
tion prevention and control measures.
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droplets (5–10 µm in diameter).4 More recently, the 
WHO and the Centers for Disease Control and Preven-
tion have recognised that there is growing evidence 
regarding SARS- CoV-2 transmission from airborne expo-
sure, particularly in poorly ventilated enclosed settings 
with extended exposures, and in the setting of aerosol- 
generating procedures in healthcare settings.5–8

Testing for COVID-19 is commonly conducted using 
nasopharyngeal and oropharyngeal swabs of the poste-
rior wall of the pharynx. The risk of aerosol generation 
associated with obtaining nasopharyngeal or oropharyn-
geal swabs in patients infected with COVID-19 remains 
unclear. The potential to induce coughing may compound 
this associated risk, the extent to which is unknown.

Given thousands of nasopharyngeal and oropharyn-
geal swabs are conducted daily internationally, the risk 
of potential airborne transmission to otherwise unin-
fected patients and healthcare workers must be balanced 
with severe resource constraints in personal protective 
equipment. This dictates a need for an updated evidence 
synthesis and guidance regarding the risk of aerosolisa-
tion associated with swab testing. We therefore conducted 
a systematic review of the literature to determine the risk 
of aerosol generation and associated transmission associ-
ated with nasopharyngeal and oropharyngeal swabs for 
detection of SARS- CoV-2.

METHODS
Prior to initiating this systematic review, WHO personnel 
reviewed and approved internal protocols for this system-
atic review. Given time constraints of the initial commis-
sioned review for the WHO in May 2020 (7 days to 
completion), the protocol was not publicly registered or 
published.

Literature search
We conducted a comprehensive search of Ovid MEDLINE 
and Embase with the assistance of a health information 
specialist (RC) from inception to 3 November 2020 
(updated), using a combination of subject headings and 
keywords related to: respiratory tract infections including 
COVID-19 and other coronaviruses; swabs related to the 
oral and nasal cavities, nasopharynx and oropharynx; and 
aerosol generation and infection transmission. We did 
not limit the search to COVID-19 or coronavirus infec-
tion (see online supplemental appendix 1 for the search 
strategy).

We also applied the same search strategy as of 25 March 
2020 to the China National Knowledge Infrastructure 
(CNKI) and Chinese Medical Journal Network (CMJN) 
(YC). We did not apply any language or quality restric-
tions. Finally, we searched medRxiv and  ClinicalTrials. 
gov for articles related to COVID-19 or SARS- CoV-2 
for preprints or grey literature addressing the research 
question.

Selection criteria
We included all comparative and non- comparative studies 
that evaluated dispersion or aerosolisation of viable 

airborne organisms or transmission of infection associ-
ated with nasopharyngeal or oropharyngeal swab testing. 
We included studies that evaluated outcomes including 
detection of viable airborne organisms through microbi-
ological sample analysis or documented transmission of 
infection associated with swab testing. We initially planned 
to include studies of hospitalised adult and paediatric 
patients with microbiologically confirmed COVID-19 in 
one or more fluid samples, of which at least one was a 
nasopharyngeal or oropharyngeal swab. In the absence 
of direct evidence meeting the eligibility criteria above, 
we broadened our inclusion criteria to include all study 
designs and populations evaluating aerosol generation 
or dispersion associated with swab testing. This included 
studies of hospitalised and non- hospitalised patients with 
or without microbiologically confirmed COVID-19, simu-
lation studies without human participants, and those 
describing dispersion of non- infectious air particles or 
liquid droplets.

Study selection
Paired reviewers (SM, KH, LB and SB) independently 
screened citations and conducted full- text review of all 
potentially eligible studies. Reviewers screened the refer-
ence lists of articles to identify additional studies meeting 
eligibility criteria, and screened preprints and grey litera-
ture from medRxiv and  ClinicalTrials. gov. Disagreements 
were resolved by a third reviewer (AA) at all stages. Paired 
reviewers (YC, XY, NY and XL) screened citations iden-
tified from the CNKI and CMJN and resolved disagree-
ments by discussion.

Data extraction and quality assessment
Paired reviewers planned to abstract data using a stan-
dardised form. We planned to assess risk of bias (RoB) 
using the modified Cochrane RoB tool for randomised 
controlled trials,9 the Risk Of Bias In Non- randomised 
Studies - of Interventions (ROBINS- I) tool for observa-
tional studies,10 and content expert assessments for exper-
imental or simulation- based studies. We planned to assess 
the overall certainty of the evidence based on RoB, impre-
cision, indirectness, inconsistency and publication bias, 
informed by Grading of Recommendations Assessment, 
Development and Evaluation (GRADE) guidance.11 12

Data analysis
If insufficient data were available for pooled analyses, we 
planned to summarise results narratively.

RESULTS
Of the 7702 citations identified in our search, 5477 were 
screened for eligibility after duplicates were removed. Of 
these, nine were considered potentially eligible requiring 
full- text review. After careful full- text review, we identified 
one observational study examining transmission rates 
associated with a safety protocol for nasopharyngeal swabs 
for detection of SARS- CoV-2.13 This study implemented 
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and evaluated a safety protocol for nasopharyngeal swab 
sampling in a tertiary care hospital in Wuhan, China. The 
protocol involved establishment of a special sampling 
room with negative pressure ventilation, training of 
nursing staff conducting swab tests, strict sterilisation 
protocols, personal protective equipment including N95 
or higher- level masks with standard droplet and contact 
precautions, and standardised swab collection and trans-
portation methods. Based on preliminary evaluation 
among 8 nurses conducting over 11 000 nasopharyngeal 
swabs, a 0% nursing staff infection rate was reported.13

We did not apply the ROBINS- I tool, given the study was 
non- comparative. Overall certainty of evidence was very 
low, with very serious concerns regarding RoB, impreci-
sion and publication bias.

No studies evaluating dispersion and aerosol genera-
tion associated with nasopharyngeal or oropharyngeal 
swabs, nor any studies comparing transmission using 
different safety protocols, were found despite broadening 
eligibility criteria (figure 1).

DISCUSSION
This systematic review on aerosol generation and associ-
ated risk of infection transmission with nasopharyngeal 
and oropharyngeal swabs in the detection of SARS- CoV-2 
yielded limited to no evidence. Only one small study eval-
uating a preliminary safety protocol for nasopharyngeal 
swabs was found, which showed that standardised protocols 
and airborne precautions were associated with no infections 

Figure 1 PRISMA flow diagram for review on aerosol generation associated with nasopharyngeal and oropharyngeal swabs. 
CMJN, Chinese Medical Journal Network; CNKI, China National Knowledge Infrastructure; PRISMA, Preferred Reporting Items 
for Systematic Reviews and Meta- Analyses.



4 Agarwal A, et al. BMJ Open 2021;11:e040616. doi:10.1136/bmjopen-2020-040616

Open access 

among nursing staff conducting testing.13 The safety protocol 
implemented, which included a negative pressure room and 
N95 or higher masks, is not widely implemented in current 
practice; no data was provided regarding risk of transmis-
sion with nasopharyngeal swabs under other conditions. 
Broadening of eligibility criteria to allow for all study designs, 
including non- comparative and experimental designs and all 
populations regardless of COVID-19 infection, also did not 
yield any additional eligible studies.

Airborne transmission is different from droplet transmis-
sion, as it refers to the presence of microbes within droplet 
nuclei. These are generally considered to be particles <5 µm 
in diameter, which can remain in the air for periods of time, 
and can subsequently be transmitted to others over distances 
greater than 1 m.6 Reduction of respiratory particles to <5 µm 
involves dehydration of larger droplets and consequent 
dehydration of any organisms within the droplet. If airborne 
particles are inhaled, they may rehydrate in the upper airway, 
increase in size and deposit in the airway. Thus, airborne 
transmission of viable organisms requires the organism to 
survive a process of desiccation and aerosolisation in suffi-
cient quantity to incite infection. This property is specific to 
the organism.14 15

Aerosol generating procedures may expose health-
care workers and other contacts to pathogens, and the 
potential for transmission of respiratory infections. The 
risk of aerosolisation and transmission with swab testing 
remains unclear, particularly in the context of COVID-
19. The most important theoretical risk associated with 
testing is induction of coughing with possible droplet 
release and aerosolisation. A previous study evaluating 
voluntary cough- generated aerosolisation of influenza 
virus using a bioaerosol cyclone sampler found that 81% 
of participants produced detectable viral RNA, with 23% 
of the RNA contained in particles 1–4 µm in size and 42% 
contained in particles less than 1 µm.16

Specific to COVID-19, experimental studies have shown 
aerosols with SARS- CoV-2 virus RNA in air samples for 
up to 3–16 hours17 18; however, studies from healthcare 
settings with symptomatic COVID-19 patients have yielded 
mixed results regarding identification of SARS- CoV-2 in 
air samples, and none have identified viable virus.6

Initial guidance from the WHO on 29 March 2020 
recommended droplet and contact precautions for those 
people caring for COVID-19 patients, and airborne 
precautions for settings in which aerosol generating 
procedures and treatments are performed.4 Subsequent 
guidance on 1 December 2020 recommended, in addi-
tion to standard droplet and contact precautions, that 
respirators, N95s or equivalent level masks be worn in 
care settings where such procedures are performed. 
Aerosol generating procedures were defined as ‘tracheal 
intubation, non- invasive ventilation, tracheotomy, cardio-
pulmonary resuscitation, manual ventilation before intu-
bation, bronchoscopy, sputum induction using nebulised 
hypertonic saline and dentistry and autopsy procedures’.7 
Guidance specific to nasopharyngeal and oropharyngeal 
swab testing were not explicitly provided.

Finally, recent evidence regarding salivary nucleic acid 
amplification testing has supported comparable diag-
nostic accuracy, with a pooled sensitivity of 83.2% (95% 
CIs 74.7% to 91.4%) and specificity of 99.2% (95% CI 
98.2% to 99.8%), compared with nasopharyngeal swab 
testing (84.8% (95% CI 76.8% to 92.4%) and 98.9% 
(95% CI 97.4% to 99.8%), respectively).19 While demon-
strating comparable yield, salivary testing was associated 
with lower costs.20 Coupled with increased ease of testing, 
reduced invasiveness and likely reduced occupational 
exposure risk, salivary testing may be a viable alternative 
to nasopharyngeal or oropharyngeal swab testing.

Taken together, recommendations regarding infec-
tion prevention and control measures during nasopha-
ryngeal or oropharyngeal swab testing for SARS- CoV-2 
should be carefully considered in light of the unknown 
risk of airborne transmission of infection to healthcare 
workers and other patients. Field experiments with naso-
pharyngeal and oropharyngeal swab testing in confirmed 
COVID-19 patients are required to adequately assess 
this risk using viral samplers, reverse transcriptase PCR 
testing and viral cultures. While we cannot estimate the 
risk of airborne transmission, certain factors may abro-
gate it: adequate room ventilation, limiting exposure to 
the patient, high filtration fit- tested respirators (eg, N95, 
FFP2) and low viral shedding.13 21 However, the risks 
ought to be weighed against limited resource availability 
and the need for judicious use of personal protective 
equipment. One may also consider the yield of various 
fluid samples and balance their associated risks of aero-
solisation with this consideration. The emergence of 
diagnostic tests such as salivary testing with less potential 
for aerosol generation may diminish the enthusiasm for 
nasopharyngeal and oropharyngeal swabs.

Strengths of this systematic review include a compre-
hensive literature search incorporating English and 
Chinese studies, as well as grey literature and preprints, 
and consultation with experts in the field. Limitations 
include a lack of published evidence informing the risk 
of aerosolisation with nasopharyngeal and oropharyngeal 
swab testing, including indirect evidence. This highlights 
an important gap in the existing literature, and precludes 
development of evidence- informed guidance beyond 
recommendations based on expert opinion.

CONCLUSION
Our systematic review revealed limited to no data specif-
ically addressing the risk of aerosol generation and 
airborne transmission associated with nasopharyngeal and 
oropharyngeal swab testing in the context of COVID-19 
or related infectious respiratory illnesses. Current inter-
national guidelines recommend droplet and contact 
precautions during testing. Given a theoretical risk of 
cough- related aerosolisation during testing, field experi-
ments to quantify the risk of aerosol generation and trans-
mission associated with swab testing are warranted. In the 
interim, appropriate vigilance in adhering to available 
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standards for infection prevention and control measures 
is suggested. Alternative testing modalities, including sali-
vary testing, may warrant consideration in place of naso-
pharyngeal and oropharyngeal testing.
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