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ABSTRACT

Background: Self-sampling procedures to detect severe acute respiratory syndrome 
coronavirus 2 is important for patients who have difficulty visiting the hospital and may 
decrease the burden for health care workers (HCWs). The objective of this study was to 
evaluate the diagnostic performance, stability and usability of self-collected nasal and oral 
combo swabs and saliva specimens.
Materials and Methods: We conducted a case-control study with 50 patients with coronavirus 
disease 2019 (COVID-19) and 50 healthy volunteers from March, 2021 to June, 2021. We 
performed real-time reverse-transcription polymerase chain reaction to compare the diagnostic 
performance of self-collected specimens using positive percent agreements (PPAs).
Results: The PPAs between self-collected and HCW-collected specimens were 77.3 - 81.0% 
and 80.5 -86.7% for the combo swabs and saliva specimens, respectively. The PPAs increased 
to 88.9 - 89.2% and 81.2 - 82.1% with a cycle threshold value ≤30.
Conclusion: The diagnostic performance of self sampling was comparable to that of HCW 
sampling in patients with high viral loads and may thus assist in the early diagnosis of 
COVID-19.
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INTRODUCTION

Coronavirus disease 2019 (COVID-19) is a global pandemic and after its first appearance in 
December 2019, it still threatens the lives of over a million people. Severe acute respiratory 
syndrome coronavirus 2 (SARS-CoV-2), the causative virus of COVID-19, is a positive-sense 
RNA virus that belongs to the family Coronaviridae [1, 2]. The RNA of SARS-CoV-2 encodes 
four structural proteins, including the spike (S), matrix (M), envelope (E), and nucleocapsid 
(N), and other non-structural proteins, such as RNA-dependent RNA polymerase (RdRP), 
that are required for viral replication [3, 4].

Standard confirmatory analyses for COVID-19 are based on the detection of the specific gene 
sequences of SARS-CoV-2, such as E, N, S, and RdRP, by nucleic acid amplification tests 
(NAATs). One of the most common NAATs is the real-time reverse-transcription polymerase 
chain reaction (rRT-PCR) test, which requires respiratory specimens [5]. There are two 
types of respiratory specimens obtained for swab testing: the upper respiratory, such as 
nasopharyngeal and oropharyngeal specimens, and the lower respiratory, such as sputum, 
endotracheal aspirate, and bronchoalveloar lavage. Nasopharyngeal swabs obtained by a 
trained health care worker (HCW) are widely used for the diagnosis of COVID-19 in screening 
clinics in the Korea.

However, during the surge of highly transmissible variants of SARS-CoV-2, such as the 
Omicron variant [6], or in outbreak situations, the collection of nasopharyngeal swabs 
by the HCWs could be problematic, especially when older people with dementia or young 
children are involved [7]. As the global COVID-19 pandemic continues and many confirmatory 
tests are currently being conducted, continuous efforts to simplify and optimize the SARS-
CoV-2 specimen collection are much needed. One approach to overcome this problem is to 
implement self-sampling procedures instead of sampling by trained personnel. Self-collection 
of specimens has several advantages, such as convenience, improved accessibility for older 
patients and people with disabilities who have difficulty visiting COVID-19 screening clinics, 
and a lower transmission risk and burden for the HCWs. Therefore, many studies were 
conducted on the investigation of the sensitivity of self-sampling specimens compared with 
specimens collected by a trained HCW [8-14]. Nasal swabs, oral swabs, and saliva collections 
obtained with or without the supervision of a medical professional were included in the 
specimen collection guide of the United States Centers for Disease Control and Prevention [7].

In this study, we investigated the diagnostic performance of Allplex™ SARS-CoV-2 Assay and 
Allplex™ SARS-CoV-2/FluA/FluB/RSV Assay (Seegene Inc., Seoul, Korea) with self-collected 
nasal and oral swab (combo swab) specimens and saliva specimens for SARS-CoV-2 detection 
and compared these samples with nasopharyngeal specimens collected by the HCWs. 
Allplex™ SARS-CoV-2 Assay is a muliplex real-time polymerase chain reaction (PCR) assay 
used for detecting the E gene, RdRP/S gene, and N gene of SARS-CoV-2; Allplex™ SARS-
CoV-2/FluA/FluB/RSV Assay is a multiplex real-time PCR assay used for detecting the N gene, 
RdRP gene, and S gene for SARS-CoV-2, influenza A, influenza B, and respiratory synctial 
virus (RSV) A/B. In addition, we evaluated the stability of the test results for the combo swab 
and saliva specimens in two different storage conditions and determined the usability for 
self-collection sampling using a questionnaire-based evaluation.
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MATERIALS AND METHODS

1. Patients
Samples from patients with COVID-19 (n = 50) and healthy volunteers without COVID-19 (n 
= 50) were obtained from the Seoul National University Bundang Hospital, Seoul National 
University Hospital, Seoul Metropolitan Government Boramae Medical Center, and Seongnam 
Citizens Medical Center in Korea from March to June 2021. Patients younger than 13 years 
and older than 80 years were excluded from the study because of perceived difficulties in 
performing self-collection of specimens and conducting the survey. Only patients who were 
admitted to the hospital within 7 days after a diagnosis of COVID-19 were included.

2. Ethics statement
This study was approved by the Institutional Review Board (IRB) of Seoul National University 
Bundang Hospital (IRB no. B-2101-663-003) and also the IRBs of the other participating 
hospitals and all participants provided informed consent prior to enrollment.

3. Sample collection
We obtained self-collected nasal and oral swab (combo swab) specimens, self-collected saliva 
specimens, and HCW-collected nasopharyngeal specimens. For the self-collected specimens, 
we instructed the patients not to eat, drink (including water), smoke, or brush their teeth 
within 30 minutes before the sample collection. For the oral swab, participants were 
instructed to cough deeply three to five times and rub the swab on both cheeks and gums, 
above and below the tongue, and on the hard palate more than five times to ensure that the 
swab was saturated with oral fluid. For the nasal swab, participants were instructed to insert 
the swab into both nostrils to a depth of 2 - 3 cm and then rotate the swab over 10 times. 
Next, the participants were instructed to place both the nasal and oral swabs into the tube 
and to close the lid properly. For the saliva sample, participants were instructed to collect 
the saliva up to the marked line on the sterile container, taking care not to splash droplets or 
aerosols around it. All instructions were provided through an instruction booklet.

4. Transport and analysis
Collected specimens were transported to the laboratory of Seegene Inc. and kept between 
a temperature of 2°C to 8°C for testing on the day of collection. We extracted RNA from the 
samples with MaqNA 96 DNA and Viral NA Small Volume Kit (Roche Diagnostics, Rotkreuz, 
Swiss) and performed rRT-PCR with Allplex™ SARS-CoV-2 Assay and Allplex™ SARS-CoV-2/
FluA/FluB/RSV Assay (Seegene Inc., Korea) using the CFX96™ Dx system (Bio-Rad, Hercules, 
CA, USA). To measure the stability of the samples, remnant specimens from eight patients 
with COVID-19 and two healthy volunteers were stored at room temperature (20°C) for 5 days 
and tested on days 1, 2, 3, and 5, and stored in the refrigerator (4°C) for 9 days and tested on 
Days 1, 3, 5, and 9.

5. Usability evaluation
We conducted a questionnaire-based survey to evaluate the usability of the self-collection 
process. The questions were selected to identify the physical and psychological comfortability 
of self collection of specimens or collection by the HCWs, preference about the type of 
specimen collection, and feasibility of the self-collection process with written instructions.

https://doi.org/10.3947/ic.2022.0081
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6. Statistical analyses
To compare the diagnostic performance between the self-collected specimens and HCW-
collected specimens, we calculated the positive percent agreement (PPA), negative percent 
agreement (NPA), Cohen’s kappa coefficient (κ), and inter-class correlation (ICC) [15]. We used 
Fisher's exact test to find the difference in age distribution in the matching and mismatching 
results between the self-collected samples and samples collected by the HCWs. We used 
Spearman rank correlation tests to investigate the correlation between viral loads and days after 
the onset of symptoms. Statistical significance was set at P <0.05. All analyses were performed 
using R Version 4.1.0 (R Foundation for Statistical Computing, Vienna, Austria).

RESULTS

1. Diagnostic performance of the self-sampling protocol
Using the AllplexTM SARS-CoV-2 Assay (Seegene Inc., Korea), 46 of the 50 patients confirmed 
with COVID-19 tested positive through the nasopharyngeal specimens collected by the HCWs 
(Supplementary Table 1). As for the self-collected combo swab and saliva samples, 29 and 
31 patients, respectively, tested positive (Table 1). Meanwhile, for the Allplex™ SARS-CoV-2/
FluA/FluB/RSV Assay (Seegene, Korea), 47 of the 50 patients with COVID-19 tested positive 
through the nasopharyngeal specimens collected by the HCWs (Supplementary Table 1). 
For the self-collected combo swab and saliva samples, 32 and 36 patients tested positive, 
respectively (Table 1).

The false negative results in the self-collected samples usually occurred in patients with a 
cycle threshold (Ct) value >30 from the HCW-collected samples (Fig. 1). Upon using the 
Allplex SARS-CoV-2 Assay, the proportion of patients with Ct value >30 among those with 
false-negative results were 92.9 – 100.0% and 64.7 – 100.0% for the self-collected combo 
swab and saliva samples, respectively. For the AllplexTM SARS-CoV-2/FluA/FluB/RSV Assay 
(Seegene Inc., Korea), the proportions were 66.6 - 82.4% and 41.7 - 69.2% for the self-
collected combo swab and saliva samples, respectively.

Thus, we performed a subgroup analysis with a Ct value of 30 as the cut-off for positivity for 
the samples collected by the HCWs, along with the calculated PPA and κ (Table 2). Using the 
AllplexTM SARS-CoV-2 Assay (Seegene Inc., Korea), 24 and 23 of the 25 patients who had Ct 

https://doi.org/10.3947/ic.2022.0081
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Table 1. SARS-CoV-2 nucleic acid detection results for paired nasopharyngeal swabs collected by the HCWs and self-collected combo swabs or saliva samples
PCR Kit Sample category Result HCWs NP swab % positive agreement 

(95% CI)
% negative agreement 

(95% CI)
Kappa statistics

Positive Negative Total
AllplexTM SARS-
CoV-2 Assay

Combo swab Positive 29 0 29 77.3 (66.8 - 87.8) 85.5 (78.6 - 92.3) 0.640 (0.489 - 0.767)
Negative 17 50 67
Total 46 50 96

Saliva Positive 31 0 31 80.5 (70.9 - 90.2) 87.0 (80.4 - 93.5) 0.683 (0.532 - 0.803)
Negative 15 50 65
Total 46 50 96

AllplexTM SARS-
CoV-2/FluA/FluB/
RSV Assay

Combo swab Positive 32 0 32 81.0 (71.6 - 90.4) 87.0 (80.4 - 93.5) 0.687 (0.538 - 0.806)
Negative 15 50 65
Total 47 50 97

Saliva Positive 36 0 36 86.7 (79.0 - 94.5) 90.1 (84.3 - 95.9) 0.771 (0.625 - 0.872)
Negative 11 50 61
Total 47 50 97

SARS-CoV-2, severe acute respiratory syndrome coronavirus-2; HCW, health care worker; PCR, polymerase chain reaction; CI, confidence interval; RSV, 
respiratory synctial virus.
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values <30 for the HCW-collected samples also tested positive for the self-collected combo 
swab and saliva samples, respectively. Meanwhile, for the AllplexTM SARS-CoV-2/FluA/FluB/
RSV Assay (Seegene Inc., Korea), 29 and 28 of the 33 patients who had Ct values <30 for the 
HCW-collected samples tested positive for the self-collected combo swab and saliva samples, 
respectively (Table 2).

https://doi.org/10.3947/ic.2022.0081
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Figure 1. The Ct values of HCW-collected nasopharyngeal swab specimens, self-collected combo swab specimens, and self-collected saliva specimens. 
(A) The Ct values of the E, RdRP/S, and N genes of 46 patients who tested positive for the nasopharyngeal specimen collected by the HCWs using the AllplexTM 
SARS-CoV-2 Assay (Seegene Inc., Seoul, Korea). (B) The Ct values of the S, RdRP, and N genes of 47 patients who tested positive for the nasopharyngeal 
specimen collected by the HCWs using the AllplexTM SARS-CoV-2/FluA/FluB/RSV Assay (Seegene Inc., Korea). The relationship between the HCW-collected 
nasopharyngeal swab specimens and self-collected combo swab specimens (gray dots) and the relationship between the HCW-collected nasopharyngeal swab 
specimens and self-collected saliva specimens (yellow dots). 
HCW, health care worker.

Table 2. SARS-CoV-2 nucleic acid detection results for paired nasopharyngeal swabs collected by the HCWs and self-collected combo swabs or saliva samples 
with a Ct value of 30 as the positive cut-off
PCR Kit Sample category Result HCWs NP swab % positive agreement 

(95% CI)
% negative agreement 

(95% CI)
Kappa statistics

Positive Negative Total
AllplexTM SARS-
CoV-2 Assay

Combo swab Positive 24 5 29 88.9 (80.1 - 97.7) 95.7 (92.2 - 99.1) 0.856 (0.696 - 0.929)
Negative 1 66 67
Total 25 71 96

Saliva Positive 23 8 31 82.1 (71.3 - 93.0) 92.6 (88.1 - 97.2) 0.749 (0.590 - 0.861)
Negative 2 63 65
Total 25 71 96

AllplexTM SARS-
CoV-2/FluA/FluB/
RSV Assay

Combo swab Positive 29 3 32 89.2 (81.3 - 97.2) 94.6 (90.6 - 98.6) 0.838 (0.689 - 0.924)
Negative 4 61 65
Total 33 64 97

Saliva Positive 28 8 36 81.2 (71.1 - 91.2) 89.6 (84.0 - 95.2) 0.708 (0.546 - 0.830)
Negative 5 56 61
Total 33 64 97

SARS-CoV-2, severe acute respiratory syndrome coronavirus-2; HCW, health care worker; PCR, polymerase chain reaction; NP, nasopharyngeal; CI, confidence 
interval; RSV, respiratory synctial virus.



522https://icjournal.org

We also investigated whether the symptoms of patients affected the concordance between the 
self-collected and HCW-collected samples. About 87.0% and 89.4% of the patients confirmed 
as having COVID-19 using the AllplexTM SARS-CoV-2 Assay and the AllplexTM SARS-CoV-2/FluA/
FluB/RSV Assay (Seegene Inc., Korea), respectively, through samples collected by the HCWs, had 
COVID-19 symptoms. First, we found that the Ct values from samples collected by the HCWs 
tended to increase after the onset of symptoms (Fig. 2A). Mismatching results between self-
collected samples and samples collected by the HCWs were observed every day after the onset of 
symptoms (range: 2 to 15 days). Our findings also showed that within 10 days after the onset of 
symptoms, the patients showed relatively high matching rates, whereas SARS-CoV-2 virus from 
self-collected samples was usually not detected in patients 10 days after the onset of symptoms 
(Fig. 2B). The PPA of symptomatic patients was higher than that of all patients. Furthermore, 
in patients within 10 days after symptom onset, the PPAs of combo swab and saliva were over 
85.0% (Supplementary Table 2). Older age did not affect the concordance between results from 
self-collected samples and samples collected by the HCWs (Supplementary Table 3).

2. Stability of the samples under room temperature or refrigerated conditions
Next, we investigated the changes in Ct values for each sample under room temperature 
(20°C) and in refrigerated (4°C) conditions. Ten samples (eight from patients who were 
positive for COVID-19 and two from patients who were negative for COVID-19) were stored at 
room temperature for 5 days and in refrigerated conditions for 9 days (Fig. 3). There were no 
significant changes in the Ct values (positive to negative result) in all eight patients who were 
positive for COVID-19.
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3. Usability of self-sampling protocol
We also conducted a participant survey for the degree of comfort, preference, and feasibility 
of the self-sampling protocol (Table 3). Most patients felt physically comfortable about 
performing the specimen collection by themselves compared to it being done by the 
HCWs. In addition, most patients also felt psychologically comfortable about collecting the 
specimens on their own than when the collection was performed by the HCWs (Table 3). 
Compared to nasopharyngeal swab collection done by the HCWs, participants preferred 
to collect the samples by themselves. The instructions provided for the self-collection of 
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Table 3. Investigation of the degree of comfort, preference, and feasibility of self-sampling
Number Question 1a 2b 3c 4d 5e

1 It was physically comfortable when the nasopharyngeal swab samples were collected by the HCWs (n = 98) 10 28 17 26 17
2 It was psychologically comfortable when the nasopharyngeal swab samples were collected by the HCWs (n = 98) 6 13 23 34 22
3 It was physically comfortable to self-collect nasal swab samples by self (n = 98) 0 0 9 48 41
4 It was psychologically comfortable to self-collect nasal swab samples by self (n = 98) 0 2 9 45 42
5 It was physically comfortable to self-collect oral swab samples by self (n = 98) 0 0 3 44 51
6 It was psychologically comfortable to self-collect oral swab samples by self (n = 98) 0 2 6 44 46
7 It was physically comfortable to self-collect saliva samples by self (n = 98) 1 0 8 43 46
8 It was psychologically comfortable to self-collect saliva samples by self (n = 97) 0 2 9 40 46
9 It is preferable to self-collect nasal swab samples rather than have nasopharyngeal swab samples collected by HCWs (n = 98) 2 8 11 48 29

10 It is preferred to self-collect oral swab samples rather than have nasopharyngeal swab samples collected by HCWs (n = 98) 2 9 11 41 35
11 It is preferred to self-collect saliva samples rather than have the nasopharyngeal swab samples collected by the HCWs (n = 98) 2 6 11 42 37
12 It was easy to self-collect nasal swab samples by self (n = 98) 0 0 4 39 55
13 It was easy to self-collect oral swab samples by self (n = 98) 0 0 2 39 57
14 It was easy to self-collect saliva samples by self (n = 98) 0 1 6 33 58
15 The quick guide for instruction of the nasal swab self-collection method was easy to understand (n = 98) 1 1 7 40 49
16 The quick guide for instruction of the oral swab self-collection method was easy to understand (n = 98) 1 0 7 37 53
17 The quick guide for instruction of the saliva self-collection method was easy to understand (n = 98) 1 0 6 38 53

(a = strongly disagree, b = disagree, c = neutral, d = agree, e = strongly agree).
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specimens were easy to understand and most of the participants performed the self-sampling 
protocol with ease (Table 3).

DISCUSSION

We performed a head-to-head comparison of the SARS-CoV-2 test for self-collected combo 
swab and saliva samples with HCW-collected nasopharyngeal swabs. Compared with 
previous studies that PPA of nasal swab or self-collected combo swab were 75.0 – 100.0% 
and PPA of saliva samples were 87.0 – 100.0% [8-12, 16, 17], the PPAs were relatively low in 
our study (77.3 − 81.0% and 80.5 − 86.7%, respectively). Mismatch of tests between the self-
collected and HCW-collected samples was usually seen in patients with low viral loads (Ct 
values over 30). The differences in the sites from which samples were acquired could explain 
the variation in the results between the self-collected and HCW-collected samples. In a meta-
analysis published in 2021 [18], the diagnostic performance in the nasal sample collected 
by the HCWs (68% [95% confidence interval (CI): 47.0 – 86.0%]) was lower than that in the 
nasopharyngeal sample collected by the HCWs (96% [95% CI: 92.0 – 99.0%]). In addition, 
the difference in the diagnostic performance between the nasal and nasopharyngeal swab 
was greater in a more sensitive assay with a limit of detection <1,000 cp/mL (61% [95% CI: 
40.0 – 79.0%] vs. 97% [95% CI: 92.0 – 100.0%], respectively) than in a less sensitive assay 
with a limit of detection ≥1,000 copies/mL (87% [95% CI: 82.0 –91.0%] vs. 99% [99% CI: 
93.0 – 100.0%], respectively). Lower viral burden in the anterior nasal area compared to 
that in the nasopharyx could explain the variations between the nasal and nasopharyngeal 
samples. Furthermore, the viral load of SARS-CoV-2 declines over time following symptom 
onset [19]. Therefore, samples obtained from the hospitalized patients with COVID-19 
rather than those with the initial diagnosis could have contributed to the relatively low PPA 
in our study. Thus, we performed a subgroup analysis with a Ct value of 30 as the cut-off 
for positivity, and there was a comparable positive agreement between the HCW-collected 
samples and the self-collected combo swab tests for patients with high SARS-CoV-2 viral 
loads (PPA = 88.9 - 9.2%). However, a positive agreement between the HCW-collected 
samples and the self-collected saliva specimens in the subgroup analysis (PPA = 81.2 - 82.1%) 
was still lower than that in the previous report [17]. The self-collected combo swab samples 
showed excellent agreements when the Ct values of the samples collected by the HCWs were 
≤30. The agreements between the self-collected saliva and nasopharyngeal swabs collected 
by the HCWs in the subgroup analysis were similar to the conventional Ct cut-off value. 
Good inter-class correlation (ICC) between the Ct values of self-collected combo swabs and 
HCW-collected nasopharyngeal swabs and poor ICC between the saliva and nasopharyngeal 
samples collected by the HCWs were also observed. This could explain the excellent 
agreements of the combo swabs with a Ct value >30 as the cut-off for positivity and the saliva 
samples with a similar Ct as the conventional Ct cut-off value for positivity (Supplementary 
Table 4). Considering the evidence suggesting the high viral loads during the early stages 
of infection or prior to the onset of symptoms [20, 21], self-collected specimens (especially 
combo swabs) can be useful for the early diagnosis of people who were recently exposed to 
patients with COVID-19.

The advantage of the self-collection of samples is that it can be performed at home or at 
work. To perform rRT-PCR, the collected samples should be transported to the laboratory 
within the appropriate time with the adequate storage temperature maintained. In our 
study, there were no changes in test positivity in 10 patients within 5 days of storage at room 
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temperature and within 9 days of storage in the refrigerator. This result suggests that as long 
as the self-collected samples are stored at the right temperature and analyzed within the 
appropriate time, there will be no significant change in the interpretation of the test even if 
the specimen is collected at home or at work by the patient.

Self-collection of specimens also has the advantage of high accessibility. Most participants 
felt comfortable with and preferred collecting the specimens by themselves. For the 
participants aged between 13 to 80 years, it was easy to self-collect specimens with the aid of 
an instruction guide.

We only enrolled participants from March to June 2021. Therefore, it is expected that patients 
with the Delta variant (B.1.617.2) were rarely included in our study because although this 
variant was first identified within the local community in April 2021 [22], it was not until 
July that it became the dominant species in Korea [23]. The Delta variant showed higher 
viral loads than other variants of concern (VOC) of the SARS-CoV-2 virus [24-26]; thus, the 
diagnostic performance of the self-collection protocol may be further improved. In addition, 
the Omicron variant (B.1.1.529), which was designated as a VOC by the World Health 
Organization in November 2021, has two mutations, R203K and G204R, that are related 
to the increased sub-genomic RNA and high viral loads. In a retrospective analysis in Italy, 
the Omicron variant was associated with a higher nasopharyngeal viral load than the alpha 
variants. In addition, it was confirmed that the Omicron variants could be detected using the 
Allplex SARS-CoV-2 Assay (Seegene, Korea) [27].

There were several limitations in our study. First, we assigned a selective number of people to 
the patients with COVID-19 and control patients. Low prevalence of COVID-19 patients in the 
real world may lower the positive predictive values and Cohen’s kappa coefficient (κ) of self-
collected specimens [15]. Second, our study included a relatively small sample size without 
the Delta variant or the Omicron variant and validation with more patients with new variants 
is needed.

In our study, the overall positive agreement of self-collected specimens was slightly lower 
than in previous reports of self-sampling [4, 17]. However self-collected nasal and oral swab 
specimens showed good agreements in the subgroup analysis with Ct values of 30 as the 
cut-off for positivity; although agreements of saliva specimens were similar after a change in 
the positivity cut-off. In addition, self-collection was feasible for most of the participants and 
the specimens were stable for up to 5 days at room temperature and 9 days in refrigeration. 
That considered, self-collected specimens for the early diagnosis of SARS-CoV-2 infection can 
increase the testing accessibility and convenience of potentially infected individuals and reduce 
the exposure of HCWs and other patients to COVID-19. Therefore, it is necessary to encourage 
the use of self-collection methods for the early diagnosis of COVID-19 during this pandemic.
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