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Abstract
The performance of gargling for severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) reverse
transcriptase (RT)-PCR testing has not been previously reviewed. This review systematically assessed the
performance of saline and water gargling for SARS-CoV-2 RT-PCR testing in the settings of diagnosing
and monitoring viral shedding.
We included original studies comparing the performance of gargling and (oropharyngeal–)nasopharyngeal
swabs for SARS-CoV-2 RT-PCR testing. Studies conducted in either suspected individuals or confirmed
cases were included and analysed separately. The sensitivity, specificity, positive predictive value (PPV)
and negative predictive value (NPV) were examined using random-effects models.
Gargles achieved a high overall sensitivity (91%), specificity (97%), PPV (95%) and NPV (91%) for
SARS-CoV-2 RT-PCR testing. Studies using saline gargle and water gargle have an overall sensitivity of
97% and 86%, respectively. The sensitivity values were largely maintained for saline and water gargling
on stratified analysis, for both diagnosis (96% and 92%) and viral shedding monitoring (98% and 78%). A
higher sensitivity was also reported by studies using sterile saline (100%), a smaller amount of gargling
solution (92% versus 87%) and a longer gargling duration (95% versus 86%).
Our results supported the use of gargling as a sampling approach for SARS-CoV-2 RT-PCR testing, which
achieved a high sensitivity for both diagnosis and viral shedding monitoring purposes. Further
investigation on the comparative performance of different gargling mediums is needed to draw a definitive
conclusion.
Introduction
Since its first emergence in late 2019, severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) has
spread globally with the cumulated number of confirmed cases growing to more than 304 million (as of 9
January 2022) [1, 2]. The continuous reporting of new cases and the emergence of new variants of
SARS-CoV-2 infections in many countries, including those already achieving a high level of vaccine
uptake [1], highlighted the persistent importance of accurate and scalable diagnostic testing capacity in
tackling the evolving pandemic [3]. For laboratory identification of SARS-CoV-2 in clinical diagnosis and
monitoring of infection, reverse transcriptase (RT)-PCR on nasopharyngeal swab (NPS) is generally
regarded as the gold-standard approach [4, 5]. In recent years, combined oropharyngeal–nasopharyngeal
swab (ONPS) has increasingly been adopted as the reference gold standard because of its regarded higher
sensitivity and diagnostic yield [5–10]. However, important drawbacks of these technically difficult
sampling approaches, including procedural discomfort, expertise and manpower implications [11], and the
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requirement for high-level personal protective equipment and negative-pressure settings [12], have hindered
their widespread use in ambulatory care settings.
Aiming to overcome these drawbacks and to improve the scalability of SARS-CoV-2 testing in different
community settings under heightened testing demand [13], a number of alternative sampling approaches
have been explored, including pooled nasal and throat swabs [14–16], saliva [17, 18], nasal swabs [19–24],
oropharyngeal swabs (throat swabs) [25–27], and saline- or water-based gargle [28, 29]. In a recent
systematic review, pooled nasal and throat swabs were reported to have the best testing performance, with
a high sensitivity, specificity, and both positive predictive values (PPVs) and negative predictive values
(NPVs) [30]. Saliva and nasal swabs had lower but still acceptable sensitivities. Self-sampling of nasal and
throat swabs and nasal swabs was not associated with any major compromise of testing performance [30].
As collection of these specimens is technically easier than NPS, the lessened manpower requirement for
experienced healthcare workers (HCWs) and protective facilities would facilitate their use in large-scale
testing initiatives in an ambulatory setting [3], especially in low- and middle-income countries where
resources may be limited [30]. Their reduced invasiveness compared with NPS would also help to enhance
their acceptability to patients [17, 18, 23]. Throat swabs, on the other hand, were reported to have a much
lower sensitivity and PPV, and were thus not being recommended as a reliable sampling approach [30].
The use of gargle as a testing sample, acquired by forcing the cricopharyngeal muscle to oscillate over the
posterior pharyngeal wall with saline or water, has recently been explored as a self-sampling approach for
SARS-CoV-2 testing. While gargling has been advocated by a number of recent narrative commentaries as
a noninvasive, swab-free and virus transport medium-free sampling approach [31–34], a comprehensive
review of the testing performance of gargle, however, is still lacking. Findings from original studies of
gargles remain inconclusive, ranging from the reporting of satisfactory [35] to poor sensitivity for detecting
SARS-CoV-2 compared to NPS/ONPS as the gold standard [36]. In particular, the comparative
performance of gargling based on different mediums, including saline and water-based gargle, has not
been directly compared nor previously reviewed [35, 37].
Here we report a systematic review of the performance of gargling for the detection of SARS-CoV-2. We
comprehensively review the performance of gargle samples with a view to inform the choice of the most
appropriate alternative sampling approach for SARS-CoV-2 testing in an evidence-based manner. The
review is stratified according to populations with different infection status to examine the testing
performance in two testing scenarios, including for the purpose of diagnosing SARS-CoV-2 infections in
suspected populations presenting clinically in an ambulatory care setting and for the monitoring of viral
shedding in populations with confirmed SARS-CoV-2 infections and discharged cases to inform
downstream clinical and public health decisions in the hospital and community settings. We also assess the
performance of saline gargle and water gargle for RT-PCR testing, and the determinants affecting their test
performance.
Methods
Search strategy and selection criteria
A standardised search was done in PubMed, OVID Medline, Embase and Web of Science, using the
search term“(((((gargle lavage) OR (gargle)) OR (gargling)) OR (mouthwash)) OR (mouth rinse)) AND
((((((((SARS-CoV-2) OR (sars cov 2)) OR (COVID-19)) OR (covid)) OR (ncov)) OR (2019-nCoV)) OR
(n-CoV)) OR (coronavirus))”. Given the role of preprints in the timely dissemination of research studies
during the coronavirus disease 2019 (COVID-19) pandemic, medRxiv and bioRxiv servers was also
searched using the search term “((SARS CoV 2) OR COVID19 OR covid) AND (gargle OR gargling OR
mouthwash OR (mouth rinse))”. The search on preprint servers was simplified because of their reduced
search functionality. The search was done on 28 September 2021, to retrieve articles from 1 January 2019
with no language restrictions. Additional relevant articles from the reference sections were also reviewed.
Original clinical studies examining the performance of gargles for SARS-CoV-2 RT-PCR testing using
either NPS or ONPS as the reference gold standard were included. Studies conducted in either suspected
individuals or confirmed cases of SARS-CoV-2 infection were both included, but were analysed separately
to address the performance of gargling in the two corresponding contexts. Studies on suspected individuals
are useful for examining the test performance for correctly diagnosing individuals having the infection [30].
On the other hand, studies on confirmed cases are useful for assessing test performance for continuous
monitoring of virus shedding in patients in different stages to inform related clinical management and
public health decisions. Studies without data on performance of gargles for identifying SARS-CoV-2 by
RT-PCR, with a detailed collection method that deviated from the definition of gargling, or those that only
examined viricidal effect of gargles, were excluded.
https://doi.org/10.1183/16000617.0014-2022
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Two authors (N.N.Y.T. and H.C.S.) screened all the articles, with disagreement resolved by consensus
together with a third author (D.K.M.I.). Studies identified from different databases were de-duplicated after
screening. Two authors (N.N.Y.T. and H.C.S.) independently extracted data from the included studies, with
disagreement resolved by consensus with a third author (D.K.M.I.). Two authors (N.N.Y.T. and D.K.M.I.)
assessed studies for methodological quality, including risk of bias and applicability, adapted from the
Quality Assessment of Diagnostic Accuracy Studies tool for diagnostic studies [38].
Data analysis
For the included studies, either individual data or summary estimates of sample size, number of
true-positive, true-negative, false-positive and false-negative results in each study were extracted. By use of
a standardised data extraction chart, we also retrieved information on study period, country, setting,
positivity rate of the corresponding gold-standard test adopted (NPS/ONPS), symptomatic status of
population, infection status of population, criteria for SARS-CoV-2 infection among confirmed cases,
sampling approaches, gargling technique and procedures, peer-review status, age of population, inclusion
of children population, target genes assessed, and the cycle threshold value for positive test result. These
findings were checked for agreement.
The sensitivity, specificity, PPV and NPV of RT-PCR tests and the 95% confidence intervals were
calculated for gargles, with random-effects meta-analyses using the inverse variance method [39] and a
restricted maximum-likelihood estimator for heterogeneity [40, 41], with NPS or ONPS as the reference.
Studies capturing both positive and negative individuals for the reference gold standard were included for
the calculation of all four performance indicators, while studies including only individuals positive for the
reference gold standard were only included in the calculation of sensitivity, as the calculation of specificity,
PPV and NPV was not allowable with the absence of negative cases. Freeman–Tukey double arcsine
transformation was incorporated for normalising and stabilising the variance of sampling distribution of
proportions, and pooled estimates were back-transformed using the harmonic mean [42]. The Q statistic
and its p value were calculated to test whether effect sizes departed from homogeneity, and the I2 statistic
and its 95% CI were calculated to examine the proportion of dispersion due to heterogeneity [43, 44].
Heterogeneity was assessed as per the definition in the Cochrane Handbook for Systematic Reviews of
Interventions [45]. To assess possible factors contributing to heterogeneity, subgroup analyses were done
for gargles in individuals with and without confirmed SARS-CoV-2 infection, respectively. Stratified
study-level characteristics included positivity rate of ONPS (<20% or ⩾20%), geographical regions
(European countries or non-European countries), symptomatic status of population (symptomatic only or
symptomatic and asymptomatic), infection status of population (suspected only or suspected and
confirmed), peer-review status (yes or no), inclusion of children population (yes or no), and number of
target genes assessed in RT-PCR (one gene or two or more genes). To examine the optimal practical
implementation of gargling, the testing performance was stratified by gargle media (saline or water),
sterilisation of gargles (yes or no), volume of gargling medium (⩽5 mL or >5 mL) and duration of
gargling procedures (⩽10 s or >10 s). Comparisons between samples evaluated against NPS and ONPS
were presented using forest plots for gargle, as allowable by the availability of studies adopting two
different referential approaches. Sensitivity analysis of using a composite reference comparator, defined as
positive if either the NPS, ONPS or gargle was positive, was conducted. Data were analysed with the
metafor (version 2.4.0) packages in R (version 3.6.0). The protocol was registered on PROSPERO
(CRD42022309314).
Results
From the 757 studies identified in our search, 342 duplicates were excluded. After screening the titles and
abstracts of the remaining articles, 45 full texts were screened (figure 1). On the basis of our selection
criteria, 27 of those studies were excluded and 18 studies [28, 29, 35, 36, 46–59] met our inclusion criteria
(table 1). One study examined two study populations, of suspected infection and of confirmed cases,
which were analysed separately [59]. Of these 19 study populations, seven assessed the diagnostic
performance of gargle in populations with suspected infection [28, 49, 50, 54, 55, 57, 59], and 12 assessed
the use of gargle for monitoring viral shedding in populations already confirmed to have SARS-CoV-2
infections, either as hospital inpatients or after being discharged (table 1) [29, 35, 36, 46–48, 51–53, 56,
58, 59]. Regarding the study location, there were five studies from Canada [28, 47, 50, 52, 57], six from
Germany [36, 48, 49, 51, 54, 56] and with the rest (seven) from Finland [29], Turkey [55], China [46],
Korea [58], Indonesia [59], Israel [53] and India [35]. These studies spanned from 23 March 2020 to 19
July 2021, covering the period of different prevailing SARS-CoV-2 variants, from the ancestral strain,
alpha variant, to its delta variant. The main prevailing strains of SARS-CoV-2 included the ancestral strain
for studies in North America, the ancestral and alpha strains for studies in European countries, the ancestral
and delta strains for studies in Asian countries, and the ancestral strain for the study in Middle East countries.
https://doi.org/10.1183/16000617.0014-2022
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Records identified through
database searching
(n=748)
PubMed (n=173)
Embase (n=230)
Medline (n=92)
Web of Science (n=132)
medRxiv (n=94)
bioRxiv (n=27)

Additional records identified
through other sources
(n=9)

Eligibility

Screening

Records after duplicates removed
(n=415)

Records screened
(n=415)

Records excluded after review
of abstract and title (n=370)

Full-text articles assessed
for eligibility
(n=45)

Full-text articles excluded,
based on these reasons
(n=27)
No original data: 8
Insufficient data: 5
Ineligible specimen: 12
Ineligible laboratory test: 2

Included

Studies included in
qualitative synthesis
(n=18)

Studies included in
quantitative synthesis
(meta-analysis)
(n=18)
(4444 participants)

FIGURE 1 Study profile.

A total of 4444 individuals were included in the 18 eligible studies. Besides two that did not specify
participants’ age [50, 56], all reviewed studies included an adult population, among which eight also
included children aged below 18 years [28, 36, 47, 48, 52, 54, 57, 59]. 12 studies [28, 29, 35, 46, 47, 49,
51, 52, 54–56, 58] used NPS and six studies [36, 48, 50, 53, 57, 59] used ONPS, all collected by HCWs,
as the reference gold standard. A total of 8888 clinical samples were included in our analysis, including
4444 NPS/ONPS as control, and 4444 gargle samples for testing (1187 saline gargles, 2711 water gargles
and 546 gargles without specification).
Overall pooled performance estimates of gargles among these studies included a sensitivity of 91%
(95% CI 85–96), a specificity of 97% (92–100), a PPV of 95% (89–99) and an NPV of 91% (81–98;
figure 2). When stratified by the testing setting, the overall performance generally remained similar in
the two testing scenarios. Among the seven studies consisting of suspected individuals presenting with
symptoms [28, 50, 54, 55, 57, 59] or asymptomatic individuals with known exposure to confirmed
cases [28, 49, 50, 54, 57, 59], the diagnostic performance of gargle for SARS-CoV-2 infection included
a sensitivity of 91% (95% CI 87–95), a specificity of 98% (94–100), a PPV of 93% (85–99) and an
NPV of 98% (93–100; figure 3). Among the 12 studies on individuals confirmed to have SARS-CoV-2
https://doi.org/10.1183/16000617.0014-2022

4

Author
(year)
[ref.]

Study period Location

28 August
2020–25
September
2020

Canada

DUMARESQ
et al.
(2021)
[57]

8 October
2020–23
October 2020

Canada

OLEARO et al.
(2021)
[49]

1 December Germany
2020–28
February 2021

KANDEL et al.
(2021)
[28]

ZANDER et al.
(2021)
[54]
KOCAGOZ et al.
(2021)
[55]

BENOIT et al.
(2021)
[50]

Positivity rate
of (O)NPS
(95% CI), %

Patient
characteristics

Criteria for SARS-CoV-2
infection

Sampling
approaches

Gargling technique

Age (years)

Includes
children

Target
gene

Cycle
threshold

Peer
reviewed

Evidence
rating

Three
outpatient
COVID-19
assessment
centres
Drive-through
test centre

10.53

Suspected,
symptomatic and
asymptomatic
outpatients

NA

NPS, 0.9% saline
gargle

Swish and gargle three times with
3 mL of 0.9% normal saline

Median: 33
IQR: 24–51

Yes

E, 5′UTR#,
S¶,
ORF1ab¶

38#, 37¶

Yes

Moderate

12.04

Suspected,
symptomatic and
asymptomatic
individuals

NA

Combined ONPS,
natural spring
water gargle

Median: 40
Range: 6–91

Yes

RdRP,
N, E

NA

Yes

High

University
hospital

3.45

Asymptomatic
HCW

NA

Rinse the mouth with 5 mL of
natural spring water for 5 s, tilt the
head back and gargle for 5 s,
repeat this cycle once, expel the
water back in the plastic cup and
empty it in a 15 mL conical
polypropylene centrifuge tube
NPS, tap water Gargle at home with 5–7 mL of tap
gargle
water for 30 s, spit into an empty
10 mL sterile container using a
straw, with instructions in flyers
and videos
NPS, saline gargle
30 s gargling of 5 mL 0.9% NaCl

NA

No

ORF1ab,
E

NA

Yes

Moderate

Range: 13–89

Yes

E

35

Yes

High

Range: ⩾18

No

ORF1ab

NA

Yes

Moderate

NA

NA

ORF1ab,
E

NA

Yes

High

Yes

Helicase,
RdRP

40

Yes

Moderate

Range: 4–71

Yes

E, RdRp

40

Yes

Moderate

Mean: 29
Range: 7–59

Yes

E,
ORF1a

40

Yes

Moderate

October,
2020–
December,
2020
NA

Germany

Doctors’
offices

32.50

Suspected mostly
symptomatic
outpatients

NA

Turkey

Hospital

20.94

Suspected
symptomatic
inpatients

NA

NPS, drinking
water gargle

November
2020–
December
2020

Canada

Two COVID-19
screening
clinics

20.03

NA

Combined ONPS,
natural spring
water gargle

Hospital

60.66

Suspected,
symptomatic
outpatients or
asymptomatic
close contacts
Suspected
symptomatic and
asymptomatic
outpatients;
confirmed
symptomatic and
asymptomatic
COVID-19
inpatients and
SARS-CoV-2negative inpatients
Confirmed and
suspected,
symptomatic and
asymptomatic
COVID-19
outpatients

Previously diagnosed
COVID-19-positive and
admitted to hospitals+

Combined ONPS,
gargle§

UTAMA et al.
(2022)
[59]

3 March
Indonesia
2021–19 July
2021

GOLDFARB
et al.
(2021)
[47]

8 May 2020–
11 September
2020

Canada

COVID-19
collection
centre and
residence

74.47

May 2020

Germany

Refugee
facility

51.32

MICHEL et al.
(2021)
[36]

Confirmed and
suspected,
asymptomatic
individuals

Take a few sips of regular drinking
water, gargle and rigorously rinse
the mouth forcefully with drinking
water for at least 10 s, spit into an
empty cup
Gargle with 5 mL of natural spring
water for 5 s in the mouth, 5 s in
the throat, to repeat the cycle
once, then spit in the initial goblet

Satisfy 45-min fasting period,
Mean: 34.3±12.5
deeply inhale 5–6 times, throat
(outpatients);
cough 5–6 times, gargle 2.5 mL of
45.4±16.5
gargle solution, spit into a
(inpatients)
collection tube with 3 mL BioSaliva
Collection Buffer, with instructions
in the protocol, and supervised by
HCW

NPS, sterile 0.9% Swish 5 mL of sterile 0.9% saline in
saline gargle
the mouths for 5 s followed by
tilting the head back and gargling
for 5 s. This gargle cycle was
repeated two more times and the
saline was expelled into a sterile
empty container
Had a previous positive Combined ONPS, Gargling for at least 5 s with 10 mL
sterile water
sterile water under the supervision
PCR-test for
gargle
of medical personnel; gargling was
SARS-CoV-2 at a
demonstrated if necessary
median time of 14 days
prior+
Had SARS-CoV-2
detected in any clinical
sample within a
median of 3 days from
infection confirmation+

Continued
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TABLE 1 Characteristics of included studies of severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) reverse transcriptase (RT)-PCR testing

Author
(year)
[ref.]
GUO et al.
(2020)
[46]

POUKKA et al.
(2021)
[29]

Study period Location

23 March
2020–31
March 2020

NA

China

Setting

Positivity rate
of (O)NPS
(95% CI), %

Patient
characteristics

Hospital

4.17

Confirmed
COVID-19
hospitalised and
discharged
patients

95

Confirmed
symptomatic and
asymptomatic
COVID-19
outpatients
Confirmed
symptomatic
COVID-19
outpatients

Finland Acute COVID-19
outpatients

GERTLER et al. 7 December Germany
(2021)
2020–11
[48]
January 2021

University
hospital and
residence

100

May 2020–
June 2020

India

Tertiary care
hospital

100

KWON et al.
(2022)
[58]

7 May 2021–7
July 2021

Korea

Medical
centres and
hospital

50.50

HITZENBICHLER
et al.
(2021)
[51]

27 April 2020– Germany Medical centre
8 December
2020

85.29

Confirmed
symptomatic and
asymptomatic
COVID-19
inpatients

Sampling
approaches

Gargling technique

Age (years)

Laboratory-confirmed
NPS, sterile
Oscillate over the posterior
Range: 26–83
COVID-19, met the
normal saline
pharyngeal wall with 20 mL of
diagnosis criteria of
gargle
sterile normal saline for 5–10 s,
COVID-19 as per
then spit out the saline into a
national guideline,
sterile container
within 48–57 days of
symptom onset
Had been diagnosed NPS, water gargle Gargle sip of water (1/4 of a glass) Mean: 38.7±12.6
with SARS-CoV-2
for 5–20 s before spitting it into a
Range: ⩾3
infection by RT-PCR on
container
NPS within 1–2 days of
diagnosis
Initial laboratory
Combined ONPS,
Gargle 10 mL tap water and spit
Median: 31.5
RT-PCR confirmation of tap water gargle
into a plastic container; written
Range: 17–66
SARS-CoV-2 by
instructions and observed without
professional-collected,
any additional verbal instructions
combined ONPS in a
testing centre, enrolled
within 2–15 days from
symptom onset
RT-PCR-confirmed
NPS, sterile
Perform gargle with 8–10 mL
Mean:
patients with
normal saline
sterile normal saline for 15–20 s
45.08±12.78
SARS-CoV-2 infection
gargle
and spit back to a screw-capped
within 72 h of
container
diagnosis by a trained
HCW, as per the
national and hospital
policies
Swirl and gargle 5 mL of bean
Mean: 43.7,
Previously confirmed NPS, Bean extract
gargle
extract-based gargle for 2 min, spit Range: 18–83
COVID-19 patients
into a tube
hospitalised in medical
centres and hospital+

Confirmed
symptomatic and
asymptomatic
COVID-19
inpatients and
healthy individuals
Confirmed
Patients with COVID-19 NPS, sterile saline Gargle 10 mL medical grade saline Mean: 57.5±14.9,
symptomatic and
admitted to
or water gargle or water for 5–10 s, oscillating over Range: 22–83
asymptomatic
nonintensive care
the posterior pharyngeal wall,
COVID-19
medical ward, with
transfer the liquid into a sterile
inpatients
laboratory-confirmed
test tube
SARS-CoV-2 infection
(defined by a positive
RT-qPCR result before
inclusion)

Includes
children

Target
gene

Cycle
threshold

Peer
reviewed

Evidence
rating

No

N,
ORF1ab

NA

Yes

Moderate

NA

E

NA

Yes

Moderate

Yes

E,
ORF1ab

NA

Yes

Moderate

No

N1, N2

40

Yes

Moderate

No

RdRP,
E, N

NA

Yes

Moderate

No

E

NA

Yes

Moderate

Continued
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MITTAL et al.
(2020)
[35]

Criteria for SARS-CoV-2
infection
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TABLE 1 Continued
Author
(year)
[ref.]

Study period Location

KINSHELLA
et al.
(2021)
[52]

4 September
2020–29
October 2020

BIBER et al.
(2021)
[53]

CASATI et al.
(2022)
[56]

Setting

Positivity rate
of (O)NPS
(95% CI), %

Patient
characteristics

Criteria for SARS-CoV-2
infection

Sampling
approaches

Gargling technique

Age (years)

Includes
children

Target
gene

Cycle
threshold

Peer
reviewed

Evidence
rating

Canada

Hospital
COVID-19
collection
centre

100

Confirmed
symptomatic
COVID-19
outpatients

Patients with positive
RT-PCR result of NPS

NPS, sterile saline
gargle

Median: 29.5
IQR: 14–41

Yes

E, RdRP

40

Yes

Moderate

July 2020–
September
2020

Israel

84.67

Range: 18–73

No

N, E,
RdRP

40

Yes

High

NA

Germany

Nonhospital
facilities
dedicated to
COVID-19
patients in
isolation
Medical
university

Swish 5 mL of sterile 0.9% saline
for 5 s, tilt the head back and
gargle for 5 s. Repeat the swish
and gargle cycle two more times,
expel the saline into a sterile
empty container. Saline gargle was
self-collected with collection
observed by nursing staff, or with
written and visual collection
instructions, but no observation
and no guidance provided by an
HCW
Rinse and gargle 10 cc (10 mL) of
normal saline (0.9%) for 10–20 s,
spit into a sterile container

NA

NA

E

NA

Yes

Moderate

48.72

CI: confidence interval; COVID-19: coronavirus disease 2019; E: envelope gene; HCW: healthcare worker; IQR: interquartile range; ONPS: oropharyngeal–nasopharyngeal swab; ORF: open reading
frame gene; N: nucleocapsid gene; NA: not available; NPS: nasopharyngeal swab; RdRP: RNA-dependent RNA polymerase gene; RT-qPCR: quantitative reverse transcription PCR; S: spike protein
gene; UTR: untranslated region. Normal saline denotes 0.9% saline. #: for NPS only. ¶: for gargle only. +: for confirmed cases only. §: no information on gargling medium.
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Confirmed
COVID-19 outpatients Combined ONPS,
symptomatic and
previously
normal saline
asymptomatic
RT-PCR-confirmed by
(0.9%) gargle
COVID-19
combined ONPS
outpatients in
isolation
NPS, sterile saline
Perform gargling with 8 mL of
Confirmed
Previously tested
gargle
sterile 0.9% saline, and spit into a
symptomatic
positive for SARS-CoV-2
+
sterile container without additives,
COVID-19
via RT-PCR on NPS
after verbal and visual instructions
ambulatory
patients and
negative close
contacts
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(O)NPS and gargle

TP

FP

FN

TN

Total

Weight (%)

Sensitivity

KANDEL et al. [28]
DUMARESQ et al. [57]
OLEARO et al. [49]
ZANDER et al. [54]
KOCAGOZ et al. [55]
BENOIT et al. [50]
UTAMA et al. [59]
MITTAL et al. [35]
GUO et al. [46]
GOLDFARB et al. [47]
POUKKA et al. [29]
MICHEL et al. [36]
GERTLER et al. [48]
UTAMA et al. [59]
KWON et al. [58]
HITZENBICHLER et al. [51]
KINSHELLA et al. [52]
BIBER et al. [53]
CASATI et al. [56]

57
115
16
26
66
117
126
50
1
34
37
13
55
41
83
27
45
95
75

1
8
1
0
35
4
11
0
6
2
1
0
0
3
0
2
0
2
0

7
6
2
0
10
12
22
0
0
1
1
26
7
6
19
2
1
21
20

543
876
502
54
252
511
85
0
17
10
1
37
0
16
100
3
0
19
100

608
1005
521
80
363
644
244
50
24
47
40
76
62
66
202
34
46
137
195

2.02
7.73
0.53
11.64
2.07
4.77
3.70
42.43
0.05
3.51
4.11
0.56
1.90
1.29
2.13
1.29
5.96
2.48
1.81

0.89 (0.80–0.96)
0.95 (0.90–0.98)
0.89 (0.69–1.00)
1.00 (0.93–1.00)
0.87 (0.78–0.94)
0.91 (0.85–0.95)
0.85 (0.79–0.90)
1.00 (0.97–1.00)
1.00 (0.00–1.00)
0.97 (0.88–1.00)
0.97 (0.89–1.00)
0.33 (0.19–0.49)
0.89 (0.79–0.96)
0.87 (0.76–0.96)
0.81 (0.73–0.88)
0.93 (0.80–1.00)
0.98 (0.91–1.00)
0.82 (0.74–0.88)
0.79 (0.70–0.87)

RE model

0.91 (0.85–0.96)
(Q=116.03, p<0.0001; I2=88.5%)
0

0.25

0.5

Lower sensitivity

0.75

1

Higher sensitivity

(O)NPS and gargle

TP

FP

FN

TN

Total

Weight (%)

Specificity

KANDEl et al. [28]
DUMARESQ et al. [57]
OLEARO et al. [49]
ZANDER et al. [54]
KOCAGOZ et al. [55]
BENOIT et al. [50]
UTAMA et al. [59]
GUO et al. [46]
GOLDFARB et al. [47]
POUKKA et al. [29]
MICHEL et al. [36]
UTAMA et al. [59]
KWON et al. [58]
HITZENBICHLER et al. [51]
BIBER et al. [53]
CASATI et al. [56]

57
115
16
26
66
117
126
1
34
37
13
41
83
27
95
75

1
8
1
0
35
4
11
6
2
1
0
3
0
2
2
0

7
6
2
0
10
12
22
0
1
1
26
6
19
2
21
20

543
876
502
54
252
511
85
17
10
1
37
16
100
3
19
100

608
1005
521
80
363
644
244
24
47
40
76
66
202
34
137
195

33.25
12.52
28.43
2.07
0.36
8.11
0.12
0.02
0.01
0.00
0.98
0.02
7.04
0.00
0.03
7.04

1.00 (0.99–1.00)
0.99 (0.98–1.00)
1.00 (0.99–1.00)
1.00 (0.97–1.00)
0.88 (0.84–0.91)
0.99 (0.98–1.00)
0.89 (0.81–0.94)
0.74 (0.54–0.90)
0.83 (0.56–1.00)
0.50 (0.00–1.00)
1.00 (0.95–1.00)
0.84 (0.64–0.98)
1.00 (0.98–1.00)
0.60 (0.14–0.98)
0.90 (0.73–1.00)
1.00 (0.98–1.00)

RE model

0.97 (0.92–1.00)
(Q=159.40, p<0.0001; I2=95.6%)
0

0.25

0.5

Lower specificity

0.75

1

Higher specificity

(O)NPS and gargle

TP

FP

FN

TN

Total

Weight (%)

PPV

KANDEL et al. [28]
DUMARESQ et al. [57]
OLEARO et al. [49]
ZANDER et al. [54]
KOCAGOZ et al. [55]
BENOIT et al. [50]
UTAMA et al. [59]
GUO et al. [46]
GOLDFARB et al. [47]
POUKKA et al. [29]
MICHEL et al. [36]
UTAMA et al. [59]
KWON et al. [58]
HITZENBICHLER et al. [51]
BIBER et al. [53]
CASATI et al. [56]

57
115
16
26
66
117
126
1
34
37
13
41
83
27
95
75

1
8
1
0
35
4
11
6
2
1
0
3
0
2
2
0

7
6
2
0
10
12
22
0
1
1
26
6
19
2
21
20

543
876
502
54
252
511
85
17
10
1
37
16
100
3
19
100

608
1005
521
80
363
644
244
24
47
40
76
66
202
34
137
195

3.31
2.19
0.31
4.11
0.50
3.90
2.03
0.07
0.69
1.45
1.06
0.71
41.00
0.46
4.71
33.51

0.98 (0.93–1.00)
0.93 (0.88–0.97)
0.94 (0.76–1.00)
1.00 (0.93–1.00)
0.65 (0.56–0.74)
0.97 (0.93–0.99)
0.92 (0.87–0.96)
0.14 (0.00–0.52)
0.94 (0.84–1.00)
0.97 (0.89–1.00)
1.00 (0.87–1.00)
0.93 (0.83–0.99)
1.00 (0.98–1.00)
0.93 (0.80–1.00)
0.98 (0.94–1.00)
1.00 (0.98–1.00)

RE model

0.95 (0.89–0.99)
(Q=118.02, p<0.0001; I2=89.5%)
0

0.25

0.5

Lower PPV

0.75

1

Higher PPV

(O)NPS and gargle

TP

FP

FN

TN

Total

Weight (%)

NPV

KANDEL et al. [28]
DUMARESQ et al. [57]
OLEARO et al. [49]
ZANDER et al. [54]
KOCAGOZ et al. [55]
BENOIT et al. [50]
UTAMA et al. [59]
GUO et al. [46]
GOLDFARB et al. [47]
POUKKA et al. [29]
MICHEL et al. [36]
UTAMA et al. [59]
KWON et al. [58]
HITZENBICHLER et al. [51]
BIBER et al. [53]
CASATI et al. [56]

57
115
16
26
66
117
126
1
34
37
13
41
83
27
95
75

1
8
1
0
35
4
11
6
2
1
0
3
0
2
2
0

7
6
2
0
10
12
22
0
1
1
26
6
19
2
21
20

543
876
502
54
252
511
85
17
10
1
37
16
100
3
19
100

608
1005
521
80
363
644
244
24
47
40
76
66
202
34
137
195

12.81
37.80
34.01
4.79
2.13
7.00
0.20
0.49
0.04
0.00
0.08
0.03
0.27
0.01
0.05
0.27

0.99 (0.98–1.00)
0.99 (0.99–1.00)
1.00 (0.99–1.00)
1.00 (0.97–1.00)
0.96 (0.93–0.98)
0.98 (0.96–0.99)
0.79 (0.71–0.87)
1.00 (0.90–1.00)
0.91 (0.65–1.00)
0.50 (0.00–1.00)
0.59 (0.46–0.71)
0.73 (0.52–0.90)
0.84 (0.77–0.90)
0.60 (0.14–0.98)
0.48 (0.32–0.63)
0.83 (0.76–0.90)

RE model

0.91 (0.81–0.98)
(Q=317.48, p<0.0001; I2=97.7%)
0

0.25
Lower NPV

0.5

0.75

1

Higher NPV

FIGURE 2 Meta-analysis of the sensitivity, specificity, positive predictive value and negative predictive value using (oropharyngeal–)nasopharyngeal
swab ((O)NPS) as a reference standard. FN: false negative; FP: false positive; NPV: negative predictive value; PPV: positive predictive value; TN: true
negative; TP: true positive; RE: random effects.
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(O)NPS and gargle

TP

FP

FN

TN

Total

Weight (%)

Sensitivity

KANDEL et al. [28]
DUMARESQ et al. [57]
OLEARO et al. [49]
ZANDER et al. [54]
KOCAGOZ et al. [55]
BENOIT et al. [50]
UTAMA et al. [59]

57
115
16
26
66
117
126

1
8
1
0
35
4
11

7
6
2
0
10
12
22

543
876
502
54
252
511
85

608
1005
521
80
363
644
244

6.21
23.82
1.64
35.86
6.38
14.68
11.41

0.89 (0.80–0.96)
0.95 (0.90–0.98)
0.89 (0.69–1.00)
1.00 (0.93–1.00)
0.87 (0.78–0.94)
0.91 (0.85–0.95)
0.85 (0.79–0.90)

RE model

0.91 (0.87–0.95)
(Q=14.08, p=0.0287;I2=56.2%)
0

0.25

0.5

Lower sensitivity

0.75

1

Higher sensitivity

(O)NPS and gargle

TP

FP

FN

TN

Total

Weight (%)

Specificity

KANDEL et al. [28]
DUMARESQ et al. [57]
OLEARO et al. [49]
ZANDER et al. [54]
KOCAGOZ et al. [55]
BENOIT et al. [50]
UTAMA et al. [59]

57
115
16
26
66
117
126

1
8
1
0
35
4
11

7
6
2
0
10
12
22

543
876
502
54
252
511
85

608
1005
521
80
363
644
244

39.18
14.76
33.51
2.44
0.42
9.55
0.15

1.00 (0.99–1.00)
0.99 (0.98–1.00)
1.00 (0.99–1.00)
1.00 (0.97–1.00)
0.88 (0.84–0.91)
0.99 (0.98–1.00)
0.89 (0.81–0.94)

RE model

0.98 (0.94–1.00)
(Q=108.61, p<0.0001; I2=96.4%)
0

0.25

0.5

Lower specificity

0.75

1

Higher specificity

(O)NPS and gargle

TP

FP

FN

TN

Total

Weight (%)

PPV

KANDEL et al. [28]
DUMARESQ et al. [57]
OLEARO et al. [49]
ZANDER et al. [54]
KOCAGOZ et al. [55]
BENOIT et al. [50]
UTAMA et al. [59]

57
115
16
26
66
117
126

1
8
1
0
35
4
11

7
6
2
0
10
12
22

543
876
502
54
252
511
85

608
1005
521
80
363
644
244

20.23
13.36
1.92
25.12
3.08
23.87
12.43

0.98 (0.93–1.00)
0.93 (0.88–0.97)
0.94 (0.76–1.00)
1.00 (0.93–1.00)
0.65 (0.56–0.74)
0.97 (0.93–0.99)
0.92 (0.87–0.96)

RE model

0.93 (0.85–0.99)
(Q=59.79, p<0.0001; I2=89.7%)
0

0.25

0.5

Lower PPV

0.75

1

Higher PPV

(O)NPS and gargle

TP

FP

FN

TN

Total

Weight (%)

NPV

KANDEL et al. [28]
DUMARESQ et al. [57]
OLEARO et al. [49]
ZANDER et al. [54]
KOCAGOZ et al. [55]
BENOIT et al. [50]
UTAMA et al. [59]

57
115
16
26
66
117
126

1
8
1
0
35
4
11

7
6
2
0
10
12
22

543
876
502
54
252
511
85

608
1005
521
80
363
644
244

12.97
38.28
34.44
4.85
2.16
7.09
0.20

0.99 (0.98–1.00)
0.99 (0.99–1.00)
1.00 (0.99–1.00)
1.00 (0.97–1.00)
0.96 (0.93–0.98)
0.98 (0.96–0.99)
0.79 (0.71–0.87)

RE model

0.98 (0.93–1.00)
(Q=72.69, p<0.0001; I2=96.4%)
0

0.25
Lower NPV

0.5

0.75

1

Higher NPV

FIGURE 3 Meta-analysis of the sensitivity, specificity, positive predictive value and negative predictive value using (oropharyngeal–)nasopharyngeal
swab ((O)NPS) as a reference standard for diagnostic testing in suspected individuals. FN: false negative; FP: false positive; NPV: negative predictive
value; PPV: positive predictive value; TN: true negative; TP: true positive; RE: random effects.

infection [29, 35, 36, 46–48, 51–53, 56, 58, 59], the testing performance of gargle for monitoring viral
shedding of SARS-CoV-2 included a sensitivity of 91% (95% CI 80–98), a specificity of 94% (81–100),
a PPV of 95% (84–100) and an NPV of 78% (63–90; figure 4).
https://doi.org/10.1183/16000617.0014-2022
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(O)NPS and gargle

TP

FP

FN

TN

Total

MITTAL et al. [35]
GUO et al. [46]
GOLDFARB et al. [47]
POUKKA et al. [29]
MICHEL et al. [36]
GERTLER et al. [48]
UTAMA et al. [59]
KWON et al. [58]
HITZENBICHLER et al. [51]
KINSHELLA et al. [52]
BIBER et al. [53]
CASATI et al. [56]

50
1
34
37
13
55
41
83
27
45
95
75

0
6
2
1
0
0
3
0
2
0
2
0

0
0
1
1
26
7
6
19
2
1
21
20

0
17
10
1
37
0
16
100
3
0
19
100

50
24
47
40
76
62
66
202
34
46
137
195

RE model

Weight (%)

Sensitivity

62.83
0.07
5.20
6.09
0.83
2.81
1.91
3.16
1.91
8.83
3.67
2.69

1.00 (0.97–1.00)
1.00 (0.00–1.00)
0.97 (0.88–1.00)
0.97 (0.89–1.00)
0.33 (0.19–0.49)
0.89 (0.79–0.96)
0.87 (0.76–0.96)
0.81 (0.73–0.88)
0.93 (0.80–1.00)
0.98 (0.91–1.00)
0.82 (0.74–0.88)
0.79 (0.70–0.87)

0.91 (0.80–0.98)
(Q=97.06, p<0.0001; I2=91.0%)
0

0.25

0.5

Lower sensitivity
(O)NPS and gargle

TP

FP

FN

TN

Total

GUO et al. [46]
GOLDFARB et al. [47]
POUKKA et al. [29]
MICHEL et al. [36]
UTAMA et al. [59]
KWON et al. [58]
HITZENBICHLER et al. [51]
BIBER et al. [53]
CASATI et al. [56]

1
34
37
13
41
83
27
95
75

6
2
1
0
3
0
2
2
0

0
1
1
26
6
19
2
21
20

17
10
1
37
16
100
3
19
100

24
47
40
76
66
202
34
137
195

0.75

1

Higher sensitivity

RE model

Weight (%)

Specificity

0.10
0.07
0.01
6.45
0.12
46.51
0.02
0.20
46.51

0.74 (0.54–0.90)
0.83 (0.56–1.00)
0.50 (0.00–1.00)
1.00 (0.95–1.00)
0.84 (0.64–0.98)
1.00 (0.98–1.00)
0.60 (0.14–0.98)
0.90 (0.73–1.00)
1.00 (0.98–1.00)

0.94 (0.81–1.00)
(Q=47.91, p<0.0001; I2=86.0%)
0

0.25

0.5

Lower specificity
(O)NPS and gargle

TP

FP

FN

TN

Total

GUO et al. [46]
GOLDFARB et al. [47]
POUKKA et al. [29]
MICHEL et al. [36]
UTAMA et al. [59]
KWON et al. [58]
HITZENBICHLER et al. [51]
BIBER et al. [53]
CASATI et al. [56]

1
34
37
13
41
83
27
95
75

6
2
1
0
3
0
2
2
0

0
1
1
26
6
19
2
21
20

17
10
1
37
16
100
3
19
100

24
47
40
76
66
202
34
137
195

0.75

1

Higher specificity

RE model

Weight (%)

PPV

0.08
0.82
1.74
1.27
0.85
49.01
0.54
5.63
40.06

0.14 (0.00–0.52)
0.94 (0.84–1.00)
0.97 (0.89–1.00)
1.00 (0.87–1.00)
0.93 (0.83–0.99)
1.00 (0.98–1.00)
0.93 (0.80–1.00)
0.98 (0.94–1.00)
1.00 (0.98–1.00)

0.95 (0.84–1.00)
(Q=41.22, p<0.0001; I2=91.2%)
0

0.25

0.5

Lower PPV
(O)NPS and gargle

TP

FP

FN

TN

Total

GUO et al. [46]
GOLDFARB et al. [47]
POUKKA et al. [29]
MICHEL et al. [36]
UTAMA et al. [59]
KWON et al. [58]
HITZENBICHLER et al. [51]
BIBER et al. [53]
CASATI et al. [56]

1
34
37
13
41
83
27
95
75

6
2
1
0
3
0
2
2
0

0
1
1
26
6
19
2
21
20

17
10
1
37
16
100
3
19
100

24
47
40
76
66
202
34
137
195

0.75

1

Higher PPV

RE model

Weight (%)

NPV

39.49
3.14
0.39
6.49
2.71
21.89
0.54
4.00
21.35

1.00 (0.90–1.00)
0.91 (0.65–1.00)
0.50 (0.00–1.00)
0.59 (0.46–0.71)
0.73 (0.52–0.90)
0.84 (0.77–0.90)
0.60 (0.14–0.98)
0.48 (0.32–0.63)
0.83 (0.76–0.90)

0.78 (0.63–0.90)
(Q=44.97, p<0.0001; I2=85.5%)
0

0.25
Lower NPV

0.5

0.75

1

Higher NPV

FIGURE 4 Meta-analysis of the sensitivity, specificity, positive predictive value and negative predictive value using (oropharyngeal–)nasopharyngeal
swab ((O)NPS) as a reference standard among studies consisting of confirmed cases. FN: false negative; FP: false positive; NPV: negative predictive
value; PPV: positive predictive value; TN: true negative; TP: true positive; RE: random effects.
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All performance indicators of gargles for RT-PCR testing were in general heterogeneous (I2 ranged from
88.5% to 97.7%; figure 2), with diverse population characteristics and study settings. Overall, a lower
testing sensitivity was reported in studies using ONPS as the reference standard (83% versus 96% in
studies using NPS), or studies involving asymptomatic individuals only (62% versus 91% in studies with
symptomatic and asymptomatic individuals and 91% in symptomatic individuals) (table 2). Studies
including a child population had a similar pooled sensitivity (89%) to the overall figure. A lower PPV was
found for studies with a lower disease prevalence ( positive rate of less than 20%) (84% versus 96%), or
studies done in Asia (85% versus 95% in European countries and 96% in North America; table 2). A
lower NPV was found for studies with ONPS as the reference standard (81% versus 97%), studies with a
disease prevalence greater or equal to 20% (84% versus 100%) and studies done in Middle East countries
(47% versus 99% in North America, 90% in European countries and 85% in Asia; table 2). Heterogeneity
generally remained moderate to substantial (I2⩾30%) in most stratified analyses.
Regarding the medium of the gargle, saline gargle was used in eight studies [28, 35, 46, 47, 52–54, 56],
with five specifying sterile saline gargle [35, 46, 47, 52, 56] while the other three did not specify on
medium sterility; [28, 53, 54] water gargle was used in seven studies [29, 36, 48–50, 55, 57], with one
specifying sterile water gargle [36] and the rest used nonsterile water gargle, including natural spring water
gargle and tap water gargle [29, 48–50, 55, 57]. One study used bean-extract gargle [58], while the
remaining two did not specify the gargling mediums [51, 59]. Studies using saline gargle and using water
gargle reported an overall sensitivity of 97% and 86% respectively, and a broadly similar overall specificity
(96% versus 100%), PPV (94% versus 93%) and NPV (92% versus 96%) (table 2). The respective
sensitivity of saline gargle and water gargle was maintained on stratification by testing settings, including
for diagnostic testing on individuals with suspected infection (96% versus 92%) (supplementary table 2),
and for monitoring viral shedding of SARS-CoV-2 in individuals with confirmed SARS-CoV-2 infection
(98% versus 78%) (supplementary table 3). Among the eight studies using saline gargle, five studies
specified using sterile saline gargle and generally suggested a potential of higher overall sensitivity (100%
versus 91%) compared to the three that did not specify if the gargle was sterile or not (table 2).
The volume of gargling solution used in the studies ranged from 2 mL to 20mL, and the duration of
gargling during the sampling procedure varied from 5 s to 2 min. Regarding the volume of gargle, studies
using ⩽5 mL of gargling solution reported a higher overall testing sensitivity (92% versus 87%),
specificity (99% versus 93%), PPV (97% versus 91%) and NPV (95% versus 74%), compared to those
using >5 mL of gargling solution (table 2). For the duration of gargling during the sampling procedure,
studies requiring a total gargling time of >10 s reported a higher overall testing sensitivity (95% versus
86%), specificity (100% versus 89%), PPV (98% versus 86%) and NPV (98% versus 78%), compared to
those requiring ⩽10 s of gargling (table 2). A robust examination of the impact of medium sterility,
volume and gargling duration in different testing settings, however, was not possible due to the small
number of studies on further stratification.
Sensitivity analysis of gargling using a composite reference comparator showed a similar sensitivity (90%
versus 91%) and NPV (91% versus 91%) to full analysis using ONPS as the reference standard
(supplementary figure 1, table 4). Quality assessment showed that all included studies were of good or
acceptable quality and low risk of bias (supplementary figure 2). Sensitivity analysis was not performed
regarding peer-review status as all included studies were peer-reviewed (table 2). Publication bias was
examined by funnel plots of the performance indicators, which suggested the presence of a low risk of bias
for sensitivity and PPV, but some risk of bias for specificity and NPV (supplementary figure 3).
Discussion
This is the first systematic review and meta-analysis examining self-collection of gargles for SARS-CoV-2
RT-PCR testing. We comprehensively evaluated the performance and reported pooled estimates of
sensitivity, specificity, PPV and NPV of gargling approaches for the detection of SARS-CoV-2, and
compared the differential performance of different gargling medium, volume and duration, and the
contextual performance in diagnostic testing among suspected individuals and clinical virologic monitoring
among confirmed COVID-19 patients. Our review included studies conducted from 23 March 2020 to 19
July 2021, covering the period of different prevailing SARS-CoV-2 variants, from the ancestral strain,
alpha variant, to its delta variant. Our review minimised potential bias from different testing techniques by
including only studies with RT-PCR testing procedures and excluding rapid diagnostic tests using other
technologies. Studies with different positivity rate and population characteristics were included in our
studies to increase the generalisability of our findings, while stratified analysis provide a context-specific
estimate for different gargling mediums and procedures, and test application settings. By stratifying the
performance indicators of gargling with respect to their reference gold standard, status of infection,
https://doi.org/10.1183/16000617.0014-2022

11

Study characteristic

Sensitivity estimate
(95% CI)

I2 (95% CI), %

Studies, n

Specificity estimate
(95% CI)

I2 (95% CI), %

PPV estimate
(95% CI)

I2 (95% CI), %

NPV estimate
(95% CI)

I2 (95% CI), %

19

91 (85–96)

88 (86–91)

16

97 (92–100)

96 (95–96)

95 (89–99)

89 (87–91)

91 (81–98)

98 (97–98)

7
12

91 (87–95)
91 (80–98)

56 (33–71)
91 (89–93)

7
9

98 (94–100)
94 (81–100)

96 (95–97)
86 (81–90)

93 (85–99)
95 (84–100)

90 (86–92)
91 (88–94)

98 (93–100)
78 (63–90)

96 (95–97)
86 (80–89)

12
7

96 (90–99)
83 (68–94)

74 (65–81)
95 (93–96)

10
6

97 (88–100)
96 (90–100)

96 (95–97)
93 (90–95)

93 (80–100)
96 (93–98)

93 (91–95)
27 (0–52)

97 (89–100)
81 (59–96)

94 (92–95)
99 (98–99)

8
7

97 (90–100)
86 (70–97)

82 (76–87)
94 (92–95)

6
6

96 (86–100)
100 (96–100)

92 (89–94)
96 (94–97)

94 (72–100)
93 (82–99)

96 (94–97)
88 (84–92)

92 (74–100)
96 (79–100)

96 (95–97)
99 (99–99)

5
3

100 (90–100)
91 (77–99)

81 (72–88)
85 (73–92)

3
3

91 (64–100)
99 (93–100)

89 (82–93)
80 (63–89)

82 (20–100)
99 (96–100)

97 (96–98)
0 (0–86)

92 (78–100)
90 (49–100)

64 (31–81)
98 (98–99)

1
6

33 (19–49)
92 (88–95)

30 (0–55)

1
5

100 (95–100)
100 (93–100)

97 (96–98)

100 (87–100)
91 (79–99)

91 (87–93)

59 (46–71)
100 (100–100)

83 (74–89)

10
7

92 (87–95)
87 (66–100)

67 (53–77)
94 (92–95)

9
5

99 (95–100)
93 (75–100)

95 (93–96)
88 (82–92)

97 (94–99)
91 (60–100)

54 (32–69)
96 (94–97)

95 (88–99)
74 (49–93)

97 (97–98)
92 (88–94)

6
8

86 (62–100)
95 (90–99)

93 (90–95)
76 (66–83)

6
6

89 (72–99)
100 (100–100)

81 (71–88)
10 (0–44)

86 (60–100)
98 (94–100)

95 (93–96)
56 (30–72)

78 (50–98)
98 (92–100)

93 (91–95)
96 (94–97)

4
15

99 (93–100)
89 (82–95)

27 (9–42)
91 (89–93)

4
12

98 (87–100)
97 (90–100)

99 (98–99)
91 (88–93)

84 (44–100)
96 (91–99)

96 (94–98)
86 (82–89)

100 (99–100)
84 (71–94)

4 (0–100)
95 (94–96)

8
5
5
1

86 (72–97)
94 (90–96)
96 (83–100)
82 (74–88)

92 (89–94)
26 (0–54)
85 (77–90)
-

7
4
4
1

99 (91–100)
100 (100–100)
91 (74–100)
90 (73–100)

94 (92–95)
34 (0–61)
90 (84–93)
-

95 (85–100)
96 (93–98)
85 (44–100)
98 (94–100)

86 (81–89)
0 (0–100)
98 (97–98)
-

90 (71–100)
99 (98–100)
85 (73–95)
47 (32–63)

97 (96–98)
61 (33–78)
79 (64–88)
-

3
13
2

91 (83–97)
91 (87–95)
62 (9–100)

62 (28–80)
79 (73–84)
94 (89–97)

1
12
2

88 (84–91)
98 (93–100)
100 (100–100)

95 (93–96)
0 (0–98)

65 (56–74)
97 (95–99)
98 (87–100)

56 (38–68)
0 (0–81)

96 (93–98)
89 (77–98)
86 (29–100)

97 (97–98)
99 (98–99)

9
7

89 (77–97)
94 (85–100)

93 (91–95)
77 (66–84)

7
6

97 (91–100)
93 (79–100)

94 (91–95)
96 (94–97)

95 (93–97)
86 (59–100)

6 (0–29)
96 (95–97)

90 (76–99)
89 (68–100)

98 (97–98)
98 (97–98)

19
0

91 (85–96)
–

88 (86–91)
–

16
0

97 (92–100)
–

96 (95–96)
–

95 (89–99)
–

89 (87–91)
–

91 (81–98)
–

98 (97–98)
–

5
14

92 (83–98)
91 (82–97)

78 (65–86)
91 (88–93)

5
11

96 (74–100)
97 (91–100)

94 (92–96)
96 (95–97)

94 (80–100)
95 (89–99)

91 (88–94)
87 (82–90)

93 (72–100)
89 (77–97)

93 (90–95)
98 (98–99)

PPV: positive predictive value; NPV: negative predictive value; ONPS: oropharyngeal–nasopharyngeal swab. Other regions included European countries, Mediterranean countries and Asian
countries. Target gene refers to number of gene regions tested by reverse transcriptase PCR assays, i.e. assays detecting both nucleocapsid (N)1 and N2 were counted as dual targets. #: three
studies did not specify the gargling medium (water or saline), and one study used bean-extract gargle. One study used sterile gargle, without specifying water or saline gargle. ¶: two studies did
not report the volume of gargling solutions. +: five studies (six study populations) did not report the duration of gargling. §: one study did not report the symptomatic status of the population.
ƒ
: three studies did not specify the inclusion of children population.
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Gargle
Population
Suspected only
Confirmed and suspected
Reference standard
NPS
ONPS
Gargle medium#
Saline
Water
Sterility of gargle
Saline gargle (n=8)
Sterile
Nonsterile/not mentioned
Water gargle (n=7)
Sterile
Nonsterile/not mentioned
Volume of gargle¶
⩽5 mL
>5 mL
Duration of gargling+
⩽10 s
>10 s
Positivity rate of ONPS
<20%
⩾20%
Region
European countries
North America
Asia
Middle East
Symptomology§
Symptomatic
Symptomatic and asymptomatic
Asymptomatic
Included childrenƒ
Yes
No
Peer reviewed
Yes
No
Target gene
1 gene
⩾2 genes

Studies, n

EUROPEAN RESPIRATORY REVIEW
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TABLE 2 Stratified pooled estimates on diagnostic indicators for severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) using gargling as an alternative sampling approach among all
populations by study characteristics
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gargling mediums, procedural implementation and study settings, our review identified the factors of
heterogeneity and examined their potential impact on testing performance. The bias of using different
reference comparators were minimal in our review, with similar results generated in the sensitivity analysis
using a composite reference comparator and in the overall analysis using ONPS as a reference comparator.
Our findings suggest that gargling as a sampling approach offered a very good performance for detecting
SARS-CoV-2 by RT-PCR, with an overall pooled sensitivity of 91%, specificity of 97%, PPV of 95% and
NPV of 91%, making it a reliable alternative sampling option for SARS-CoV-2 testing. This is compatible
with the reporting of the release of SARS-CoV-2 in a high quantity in the airway epithelial cells of an
infected person [60]. The higher overall sensitivity form studies using saline gargle compared to those
using water medium (97% versus 86%) suggested the potential dependency of testing performance on the
nature of gargle medium, which is compatible with the suggestion that hypotonic solutions may
prematurely lyse cells or disrupt lysosomes and degrade RNA and result in a sharp decline in the RT-PCR
product [61]. However, further studies employing a head-to-head comparison of the two media would be
needed before a definitive conclusion can be drawn regarding their comparative performance. Likewise,
although the near-perfect overall sensitivity (100%) reported in studies exclusively using sterile saline
gargle is compatible with previous reports of giving a similar viral yield for detection of SARS-CoV-2 by
sterile normal saline and viral transport media (VTM) [62], and in agreement with the World Health
Organization recommendation to use sterile normal saline as an alternative for RT-PCR testing when VTM
is not available [4], this would need to be confirmed by further studies.
The near-perfect sensitivity achieved by saline gargle (97%) and sterile saline gargle (100%) implied the
great advantage of reducing potential false negativity, which is of utmost importance and has significant
implications for the control of an evolving COVID-19 epidemic in a community. As infected individuals
not detected by the screening test will fail to be properly channelled to the required clinical management
and isolation, they may seed further transmission and infection in the community. Likewise, false
negativity of virologic monitoring among confirmed COVID-19 patients may result in premature discharge
from hospitals or isolation facilities when still actively shedding viruses and risk further transmission. The
maintained high sensitivity of saline gargle both for diagnosing SARS-CoV-2 infection in suspected
individuals (96%) and for monitoring of viral shedding in confirmed COVID-19 patients (98%) supported
its suitability for both testing purposes. For use as diagnostic testing in suspected individuals, the pooled
sensitivity of saline gargle (96%) is slightly higher than those achieved by most other common sampling
approaches, including nasal swab (86%), saliva (85%) and throat swab (68%), and only lower than that
reported for pooled nasal and throat swab (97%) by a recent systematic review [30]. Although our results
suggested that sensitivity may be further improved to near perfection by the exclusive use of sterile saline
gargle, robust stratified examination for different testing settings was not allowable in this study. On the
other hand, the sensitivity of 86% achieved by water gargle indicated that almost one seventh of infected
cases may be missed, which suggested that it may not be an optimal sampling approach for the detection
of SARS-CoV-2 in settings where potentially missing cases may be consequentially serious, and further
studies with head-to-head comparisons are needed to better clarify the comparative performance of
different gargle media.
In a disease screening setting, false-positive results may incur unnecessary confirmatory tests and risk
wrongful hospitalisation with potential unnecessary risk exposure. False-positive results in a virologic
monitoring setting are associated with delayed discharge. In the COVID-19 epidemic, cases with positive
screening results are generally followed-up by health agencies and verified by further confirmatory testing.
However, the concerns associated with false positivity would be low for saline gargle owing to its high
specificity (100%) and PPV (99%) in diagnostic testing, and high overall specificity (96%) and high
overall PPV (94%) in different settings.
Our findings also help to refine the practical procedural considerations for using gargle as a sampling medium,
by highlighting that using a larger amount of gargling solution (>5 mL) or a shorter gargling duration (⩽10 s)
may jeopardise testing sensitivity, potentially due to a dilution effect or an inability to capture sufficient viral
particles. The need to avoid using an excessive amount of gargle is compatible with the usual usage of a
relatively small amount (2–3 mL) of transport medium for swabs as per the US Centers for Disease Control
and Prevention’s recommendation [63]. According to our findings, adopting a certain minimal duration (>10 s)
and a maximal allowable volume of saline (⩽5 mL) would help to ensure an adequate amount of viral
particles to be captured, and to give an optimal concentration for a sufficiently sensitive result.
Although a stratified comparison of performance in adults versus children is not permissible by the data,
the lack of notable difference in sensitivity (91% versus 89%) between the pooled overall estimate from all
https://doi.org/10.1183/16000617.0014-2022
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18 studies and eight of the studies including children aged 3–18 years in their study population potentially
suggested a comparable performance of gargling in adults and children, and that gargle would be an
appropriate sampling option for children. The higher pooled sensitivity (89%) by gargle in studies
including children as compared to that reported previously for saliva (83.6%) [64] further suggests
gargling to be a viable option for a child population. Although some caution has been advocated for its use
in infants due to the technical difficulty for this age group [65], gargling has also been used in some
settings for the molecular testing of common respiratory infections in children [66, 67]. Further large-scale
study with different age groups would help to better address the differential performance of gargling in
extremities of age.
The observed lower PPV (84%) in studies with lower disease prevalence was compatible with the general
understanding. On stratified analysis by study areas, a much lower PPV (85%) was observed in the subset
of three studies conducted in Asia compared with those from other continents (95%-98%), this may be
related to the particularly low disease prevalence (4.17%) reported in a study from China [46].
Besides the analytic sensitivity of a test, its utility also depends on its availability, accessibility,
acceptability, affordability, frequency of testing, and turnaround time [68, 69]. Moreover, the ease of
sample collection and delivery, availability of consumables, and need for special protective equipment are
critical factors that may further constrain its use in various community settings [57]. As many
SARS-CoV-2-infected individuals can be asymptomatic [70] and potentially infectiousness before
symptom onset [71, 72], a test that can be easily repeated would be highly desirable for testing suspected
individuals, including potential contacts in the community and people under quarantine [68, 69]. Although
generally regarded as a reference clinical sample for SARS-CoV-2 testing, NPS has limited utility in
public health practice because of its technical difficulty, requirement of skilled HCWs for its collection
[11], procedural discomfort, and expertise and facilities constraints [12]. Under the evolving COVID-19
pandemic situation, gargling as an alternative noninvasive swab-free self-sampling approach may offer a
number of practical and logistical advantages if used in a suitable context in different countries. The
simple execution of the gargle self-collection procedure allowed for repeated testing in the absence of
trained HCWs and high-level personal protective equipment and negative-pressure facilities. The high
stability of viral RNA in gargle at room temperature for several days [47, 57] without requiring cold-chain
delivery [73] allowed for the option of late and flexible drop-off specimen delivery. Besides being
technically simpler to collect [28] than deep-throat saliva, gargling also offered a number of technical
advantages. The higher homogeneity and lower viscosity would help to reduce the risk of clogging of
liquid handling systems and testing failure [36, 74, 75]. The reduced steps needed for extraction,
resuspension and transfer would help to minimise the risk of cross-contamination and false-positivity [76].
Together, these factors lead to advantages of easy deployment and scalable capacity for any screening or
surveillance regimens where frequent and large-scale mass testing would be needed [69], especially in
low-to-middle-income countries and remote settings with limited healthcare infrastructure and clinic and
hospital accessibility [3]. The minimised manpower and zero swab requirement also allow limited
resources to be redeployed to other competing needs in resource-constrained settings. The high
acceptability of self-collected gargle as reported by some studies suggested that it may also potentially help
to abate the testing hesitancy that is not uncommonly encountered in mandatory testing scenarios [35, 47,
77]. Our findings provide an evidence-based justification for COVID-19 testing approaches in national and
international guidelines, and support the recommendation of gargling as an inexpensive and easy sampling
approach for routine repeated testing in various community settings [78], including primary and secondary
schools, universities [77, 79, 80], nursing homes [81], daycare facilities for children aged 1–7 years [67],
children’s hospitals [82], homes [83] and in other specific high-risk populations having medically indicated
needs for repeated testing [78].
This review has several limitations. First, publication bias might have resulted in an overestimation of some
of the performance indicators we examined if studies with null or negative results were less likely to be
published [84]. However, the presence of substantial risk of bias was not supported by the funnel plots of
different performance indicators. Although only a small number of relevant primary studies are available,
our extended search of multiple literature databases and the inclusion of preprints should have helped to
minimise the risk of publication bias in our review. Second, substantial heterogeneity was observed in the
performance indicators of gargles. Various factors for heterogeneity, including gargling media, volume of
gargling solution, duration of gargling, positivity rate of ONPS, reference comparators, number of genes
tested and study settings, were adjusted in stratified analysis and should have helped to assess their impact
on the performance indicators. Third, various factors potentially contributing to the residual heterogeneity,
including case definitions of SARS-CoV-2 infection, RNA extraction methods, RT-PCR targeted genes
and time delay between symptom onset and sample collection, were not accounted for due to the limited
https://doi.org/10.1183/16000617.0014-2022
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number of studies available and may have affected our observed results [53]. Detailed exploration of the
adjusted impact of these factors identified in the subgroup analyses by use of a multivariate
meta-regression approach was not possible with the small sample size and reduced power due to a small
number of available studies. Therefore, caution regarding the generalisability of the findings should be
exercised when applying the results to real-life programmes with varying sampling and testing logistics in
different settings. For instance, the long delay between sample collection and symptom onset in some
studies may have impacted the observed sensitivity and may not be typical of real-life situations [36].
Fourth, studies examining diagnostic performance of gargle in asymptomatic individuals only was
underrepresented compared to studies on symptomatic individuals, which might have limited the
generalisability of our results to the situation of general population screening. Although studies with
different prevailing SARS-CoV-2 strains were included, covering the ancestral strain to delta variants, the
performance of gargling, like all other sampling methods, may vary across variants, and our findings may
not be fully applicable to new evolving variants. As studies examining the performance of saline gargle or
water gargle were not compared head-to-head, the result may be affected by a number of factors including
study population, prevalence, volume of gargling solution, instructions given and PCR methodology. The
performance of saline and water gargle observed in our review would need to be further confirmed by
studies with a head-to-head comparison. Further study examining the impact of duration and intensity of
gargling, different volumes of gargling solutions, populations of different symptomatology, different RNA
extraction methods, different cycle thresholds, different case definitions and different reference comparators
is warranted for further optimising the testing performance of gargling.
Conclusions and future perspectives
In summary, in this review we synthesised the pooled performance estimates of gargling and found that
self-collection of gargle achieved a high performance compared with the gold standard of ONPS and
represented a reliable alternative sampling approach for both the purposes of diagnosing SARS-CoV-2
infection and monitoring viral shedding. A potential dependency of testing performance on the nature and
sterility of gargle media was highlighted, which suggested the need for further studies with head-to-head
comparisons for assessing the use of different gargling media in SARS-CoV-2 testing. Our study also
informed the practical implementation of gargling, in terms of duration of gargling and volume of solution.
As a simple and noninvasive sampling approach that can be easily conducted, self-collection of gargle
appears to be a viable option to boost acceptability and accessibility, and to enable efficient, timely and
frequent SARS-CoV-2 testing in different community settings. Its lower swab, collection expertise and
manpower requirements, and less stringent requirements for specimen collection venue or delivery process
may help to overcome the traditional technical and resource limitations of nasopharyngeal swabbing. It
may represent a suitable option for easy deployment and upscaling for mass testing in remote or
resource-limited settings during the evolving pandemic. Our results provide a useful reference framework
for the proper implementation of gargling and the interpretation of SARS-CoV-2 testing results using
gargling, both for diagnosing SARS-CoV-2 infection and virologic monitoring in different testing settings.
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