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Abstract: Background: Antigen tests for SARS-CoV-2 testing are rapid and inexpensive but usually
have lower sensitivity than RT-qPCR and are only validated for nasopharyngeal/throat swabs; the
latter are considered the gold standard in terms of material collection but are not tolerated by patients
with frequent sampling. The present study, therefore, investigates the extent to which SARS-CoV-2
antigen testing is comparable to RT-qPCR from an easily obtained gargle solution compared to
nasopharyngeal swabs. Methods: The performance of a high-quality POC fluorescence immune
antigen test in single nasal swab samples and gargle samples compared to RT-qPCR was investigated
(total n = 620 samples (gargle samples = 309, and nasal swabs = 311)). Findings: In our setting, the
detection of SARS-CoV2 with an antigen test was reliable up to a Ct value of 30 for single nasal swab
samples and was reduced to Ct:20 for single gargle samples. The overall antigen-test sensitivity is
83.92% (swab samples) and 75.72% (gargle samples). Interpretation: Antigen tests showed reliable
results up to a detection limit of Ct: 30 with only nasal swab samples but not gargle samples. If the
use of gargle samples is preferred due to their advantages, such as painless testing, easy handling,
and the lack of a need to involve trained personnel for sample taking, reliable results can only be
achieved with RT-qPCR.

Keywords: COVID-19; SARS-CoV-2; Germany; pool gargle; RT-qPCR; antigen test

1. Introduction

At the beginning of the COVID-19 pandemic, only material from nasopharyngeal
swabs was recommended for virus detection by the WHO [1]. Later, gargle samples were
also shown to be a suitable source for testing; using gargle samples brings different benefits:
(a) Its collection is neither painful nor unpleasant and is easy to perform, thus increasing
test acceptance [2]; (b) it is safer for healthcare personnel since gargling can be performed
without contact by the test persons themselves; (c) when pooling samples to increase test
capacity and save resources, gargle samples offer an easier and safer option, since every
individual can throw their sample into the pooling container, which also reduces the chance
of contamination and mixing samples [3-5]. A disadvantage of gargle samples may be that
the test sensitivity is lower due to dilution effects caused by the gargle amount [6-8].

Although RT-qPCR is the gold standard for detecting SARS-CoV-2 [9], it requires spe-
cial equipment, skilled laboratory personnel with a background in molecular biology, and
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at least 3 h of processing time, which are not feasible in all settings, thus limiting its applica-
tion. In contrast, antigen tests, which are mainly based on fluorescence immunoassays and
the detection of a specific nucleocapsid protein derived from SARS-CoV-2 [10], are faster,
cheaper, easier to perform, and robust in almost any situation. Numerous antigen and
RT-qPCR tests are now on the market, and the most common tests require nasopharyngeal
swabs [11].

Here, we evaluate if one could combine the convenience of gargling with the simple
testing procedure of antigen tests. Thus, we compared the sensitivity and specificity of a
fluorescence-based antigen-test STANDARD™ F COVID-19 Ag FIA kit (SD BIOSENSOR
Inc., Suwon-si, Korea) with those of RT-qPCR, first using nasopharyngeal swabs and, in a
second step, gargle samples. Finally, we tested how the gargle samples performed with a
selection of other antigen tests and with RT-qPCR pool testing.

2. Methods
2.1. Study Cohort and Sampling

In total, 309 gargle samples and 311 nasal swabs were collected for routine testing in
hospitals of the Order of St. John in Regensburg and Straubing, Germany, from October
2019 until April 2020, when the original variant and the Alpha Variant of SARS-CoV-
2 were predominant in Germany. Two nasal swabs were collected concomitantly by
medical personnel in the emergency room. One nasal swab was transferred immediately
to the extraction buffer from a STANDARD™ F COVID-19 Ag FIA kit (SD BIOSENSOR
Inc., Suwon, Korea) to be tested with an antigen test, and a second nasal swab from the
same patient was transported to the laboratory for RT-PCR testing on the same day for
quality control.

Gargle samples were provided by patients and medical students by gargling for ap-
proximately 30 s with 10 mL of sterile water (Ampuwa). The recovered gargle fluid of
approximately 10 mL was then transferred to a 250 mL container, and antigen against
SARS-CoV-2 was analyzed in each gargle sample immediately after sampling. The remain-
ing sample fluid was kept for quality control and RT-qPCR analysis. All samples analyzed
here were leftovers from routine testing and were anonymized before the analysis in this
study was performed.

2.2. SARS-CoV-2 Antigen Testing Procedures

Gargle and swab samples were tested for SARS-CoV-2 antigen right after sampling.
Either the nasal swab or 150 uL of gargle sample was transferred into an extraction buffer
tube provided with the STANDARD™ F COVID-19 Ag FIA kit (SD BIOSENSOR Inc.,
Suwon, Korea), followed by treatment according to the manufacturer’s instructions. Briefly,
after closing the buffer tube with the provided nozzle cap, the tube was squeezed 10 times
to mix the sample with the extraction buffer. Then, we applied 4 drops of the extracted
specimen to the well of the respective test cassette. After 15 min of incubation at room
temperature, the test cassette was loaded into the analyzer (SD BIOSENSOR), and the
COI as a numerical representation of the measured fluorescence signal was calculated
automatically by the analyzer. A COI > 1.0 represents a positive result for SARS-CoV-2
nucleoproteins, according to the manufacturer.

To better evaluate our data from the antigen testing of the gargle, we checked our
results against two other antigen tests—one with a similar (76%) and one with a lower
sensitivity (36%) [10]: Eight positive PCR gargle samples with increasing Ct values were
tested with the CLINITES Rapid COVID-19 Antigen Test (SIEMENS Healthineers., Hous-
ton, TX, USA)—a test with similar sensitivity—and with the NADAL COVID-19 Ag test
(Ref.243103N-20, nal von minden., Moers, Germany). For both tests, the sample and buffer
were mixed at a ratio of 1:1. For the CLINITES, the waiting time was 1 min, and then
4 drops were added, followed by 15 min of incubation time. For the NADAL kit, the
waiting time was 2 min after mixing the sample and buffer, and then 2 drops were added
into the sample well, followed by an incubation of 15 min.
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2.3. RT-qPCR Testing Procedures

To detect SARS-CoV-2 genomic RNA in gargling samples, we performed RNA ex-
traction as a first step by using BEXS Ready Viral DNA /RNA kits (Inno-train Diagnostik,
Kronberg, Germany). We added a fixed amount (10 uL per sample) of a 70-base-pair
fragment of Equine Arteritis Virus (EAV, TIB Molbiol, Berlin, Germany) as an extraction
control to each sample. Then, we conducted one-step RT-qPCR with the LightCycler®
Multiplex RNA Virus Master (target E gene) on a Light Cycler 480 II Instrument (Roche
Diagnostics). A positive sample was confirmed with a second qualitative test system: the
Xpert Xpress™ SARS-CoV-2 assay (cartridge system including an extraction step and am-
plification targeting the E- and N2-genes) on a GeneXpert instrument (Cepheid, Sunnyvale,
CA, USA).

To investigate the detectability of individual positive gargle samples in a standardized
gargle pool in our PCR setting, we added 1 mL of each positive sample with different Ct
values 20 mL of a negative gargle pool of 20 participants. Then, RNA was extracted from
both single and pool samples by using the MagnifiQ™ RNA buffer kit (A&A Biotechnology,
Gdansk, Poland)) on an Auto-Pure96 Nucleic Acid Purification System (Hangzhou Allsheng
Instruments, Shanghai, China) according to the manufacturer’s protocol. RT-PCR-based
SARS-CoV-2 RNA detection was performed on a BIORAD Real-Time PCR System using
the single-well dual target (ORF1b and N2 gene). Further information regarding the primer
and probe sequences is available in Supplementary Table S1.

To show that the BIORAD and Light Cycler 480 II Instrument (Roche Diagnostics)
have very similar sensitivities and specificities for detecting SARS-CoV-2, we ran identical
samples on both systems (Supplementary Table S2).

3. Results

We performed antigen tests and RT-qPCR tests by using the LightCycler® Multiplex
RNA Virus Master (target E gene—TibMolBiol) on 311 nasal swabs and 309 gargle samples
(total n = 620). Out of these, 47 swab samples (Figure 1A) and 64 gargle samples (Figure 1B)
were determined to be positive by RT-qPCR (duplicate testing in two test systems) with
constant Ct values below 40.
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Figure 1. Correlation between Ct values from RT-qPCR (left side) and COI values from antigen
tests (right side). Positive samples that were negative on antigen tests are shown in red. (A) (on
the left) shows the results in 47 PCR-positive swab samples. (B) (right one) shows the results in
64 PCR-positive gargle samples.
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The false-negative rate of the antigen test—when the antigen test was negative but the
RT-qPCR test was positive—was high in gargle samples at 16.18% (50 out of 309), while it
was only 1.92% (6 out of 311) in the swab samples. Regarding the false positive rate—when
the antigen test was positive, but the RT-qPCR test was negative—it was higher in the
swab samples at 11.57% (36 out of 311) than in gargle samples at 8.09% (25 out of 309). In
general, the sensitivity of the antigen test was higher in the swab samples (83.92%) than the
gargle samples (75.73%). The antigen test’s sensitivity for PCR-positive samples with Ct
values of 15-20 was 100% in both swab (1 = 8) and gargle (n = 10) samples. In the group of
PCR-positive samples with Ct values of 2025 and 25-30, the antigen test’s efficiency stayed
at 100% for the swab samples (n = 17, n = 16), but dropped to 25% (Ct 20-25, n = 12) and
4.1% (Ct 25-30, n = 24) for the gargle samples. Our results show that the antigen test did not
detect SARS-CoV-2 in samples with Ct values above 30 in either swab or gargle samples.
We had n = 220 antigen-negative results from each of the swab and gargle samples, which
we could confirm as negative samples with RT-qPCR.

The other two antigen tests (CLINITEST/NADAL) were tested as indicators for our
selected SD BIOSENSOR FIA test; neither of the other two test kits was more appropriate
(Table 1). Furthermore, we explored the possibility that a simple dilution effect introduced
by using gargle samples may have reduced the sensitivity. Therefore, we calculated the
effect of lowering the positive cutoff index in the SD BIOSENSOR test for gargle samples
on the sensitivity and specificity of the test results, as shown in Table 2. That procedure did
not significantly increase the sensitivity, while the specificity was massively decreased at
the same time.

Table 1. Comparison of different antigen test kits with positive gargle samples.

Ct value by RT-PCR

Sample Number (E Gene) SD BIOSENSOR/COI CLINITES NADAL
1 20.1 Positive/2.59 Positive Negative
2 21.8 Positive/2.03 Negative Negative
3 22.6 Positive/2.11 Positive Negative
4 241 Negative Negative Negative
5 26.1 Negative Negative Negative
6 28.3 Negative Negative Negative
7 30.5 Negative Negative Negative
8 32.6 Negative Negative Negative

Table 2. Comparison of the efficiency of detecting positive gargle samples and the rate of false
positives for negative gargle samples by changing the COI.

Sensitivity: Efficiency of Detecting Specificity: Rate of False Positives

Positive Gargle Samples (1 = 64) cot for Negative Samples (1 = 176)
65.63% 0.1 59.66%
51.56% 0.2 39.20%
45.31% 0.3 26.70%
35.94% 0.4 21.59%
32.81% 0.5 19.32%
29.69% 0.6 12.50%
25.00% 0.7 8.52%
25.00% 0.8 6.82%
23.44% 0.9 3.41%

21.88% 1 0.00%
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Based on these test results, we determined that gargle samples cannot easily be used
with currently available antigen tests that are licensed for the use with swab samples. To
explore if gargle samples could be pooled for PCR testing to bring the costs of testing
down to areas similar to those of antigen testing and to explore if pooled gargle samples
in combination with PCR testing would have similar or higher detection limits compared
to those of antigen tests, we tested if single positive gargle samples of Ct values between
32 and 38 could be detected by PCR testing in standardized gargle pools of 20 + 1 samples.
Therefore, we added 1 mL of positive gargle fluid to 20 mL of pooled gargle fluid from
negative individuals and performed RNA extraction followed by RT-qPCR, as described
for single-sample PCR (Table 3). Indeed, even when pools of 21 were used, positive gargle
samples with a set Ct value of up to 35 could be detected in the pools.

Table 3. Comparison of different RT-qPCR Ct values of the single samples and in the pool of
21 individuals.

Number Single Sample Same Sample in Pool of 20
1 N2 ORF1b N2 ORF1b
2 22.89 22.88 26.91 26.93
3 25.32 25.8 30.24 30.3
4 26.31 26.75 29.7 29.62
5 27.98 27.86 31.85 31.45
6 31.21 30.54 34.24 33.93
7 32.85 32.01 35.36 36.5
8 33.04 31.82 34.64 34.92
9 34.63 33.70 36.60 34.21
10 35.80 35.85

4. Discussion

Our data show that swab samples containing viral loads correlating to Ct values of
up 30 (in our PCR testing setup) can reliably be detected with high-quality antigen testing.
Using 10 mL of gargle samples with the same antigen test reduces the detection limit to Ct
values of 20. When gargle samples were analyzed in pools of 21 by PCR, single positive
samples with Ct values of up to 35 were reliably detected within the pools.

For our experiment, we used a well-established antigen test that is based on fluo-
rescence detection and provides a numerical output for measurements. That the antigen
test by Biosensor Inc. gives reliable results was shown previously in several reports: In a
study published in the spring of 2021 on 359 nasopharyngeal swab samples from Italy, the
antigen test showed good sensitivity for samples with Ct values lower than 25 [11]. Ina
further study, the STANDARD Q COVID-19 antigen test showed the sensitivity of 74.4% in
289 swab samples, in which 31 out of 39 positives were detected with the antigen test, and
all positive samples had RT-qPCR Ct values lower than 27 [12].

Using gargle samples instead of swabs reduces the detection limit of the antigen test
when applied reliably in swab samples by 21° fold. Dilution alone does not seem to be a
reasonable explanation for this dramatic change, even though nucleoprotein antigens of
SARS-CoV-2 are expected to be more concentrated in a nasal swab than in 10 mL of gargle
fluid. If dilution would be the main factor, lowering the COI for determining a positive
result could be a possible strategy for adjusting the detection limit. However, lowering the
detection limit does not lead to a reasonable increase in sensitivity without an unreasonable
decrease in specificity, as shown in Table 2. Therefore, we conclude that the chemistry of
antigen tests would have to be specifically designed to work with gargle samples. This
is not a specific feature of the test that we used here, but a common feature of antigen
tests on the market that are designed to be used with nasal swabs, as we showed in our
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experiments. When different specimens were compared for antigen testing in another
study, no positive gargle samples (n = 7, RI-qPCR Ct value: 26.3-36) were detected by the
antigen test, which confirms our data showing that gargle samples with Ct values higher
than 20 are not detectable with standard antigen tests. In that study, antigen tests showed
a 44.4% sensitivity overall using a nasopharyngeal swab (8 out of 18 samples), and all
positive samples found with the antigen test had Ct values lower than 25 [13]. Another
study performed in Switzerland among hospitalized patients showed that the sensitivity
of the SD Biosensor test for samples from asymptomatic COVID-19 patients was 28-33%,
while it dropped to 25% in patients with 5 days of COVID-19 symptoms [14].

Taken together, our study seems to be the largest comparison of gargle versus nasal
swab samples analyzed concomitantly with antigen tests and Rt-q PCR.

Simply combining the gargle procedure with current antigen tests failed. Still, it would
be desirable to use gargle samples for the reasons mentioned above: It is a painless, safe,
and well-accepted procedure that is especially suitable for children and repeated testing.
The advantage of combining it with antigen testing would have been the simplicity of
antigen testing in the field, the independence from laboratory logistics, and, not to be
neglected, the attractive price of antigen tests compared to RT-qPCR. Thus, we investigated
if gargle samples could be combined with pool PCR testing as an alternative.

Indeed, our results show that, by using 21 gargle samples in a pool, we are not only
able to detect positive samples reliably and with costs comparable to those of antigen testing
but can also do so with a significantly increased detection limit. We calculated the costs of
our pool PCR to be less than EUR 1 per participating sample, taking material, personnel
costs, and logistics into account (data available upon request from the authors). In our
setting presented here and in a study on school testing that was recently published [3], we
showed that the detection limit for pool testing is a Ct value of 35, increasing detection by a
factor of 2° compared to antigen testing. In a pandemic situation, faster detection of positive
individuals may be crucial; thus, using gargle pools in combination with RT-qPCR may
be the key to successfully breaking infection chains without increasing costs. In situations
where laboratory accessibility is limited, the combination of nasal swabs and a high-quality
antigen test may be a feasible option.
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