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Abstract

:

Children have been disproportionately affected during the COVID-19 pandemic. We aimed to assess a saliva-based algorithm for SARS-CoV-2 testing to be used in schools and childcare institutions under pandemic conditions. A weekly SARS-CoV-2 sentinel study in primary schools, kindergartens, and childcare facilities was conducted over a 12-week-period. In a sub-study covering 7 weeks, 1895 paired oropharyngeal and saliva samples were processed for SARS-CoV-2 rRT-PCR testing in both asymptomatic children (n = 1243) and staff (n = 652). Forty-nine additional concurrent swab and saliva samples were collected from SARS-CoV-2 infected patients (patient cohort). The Salivette® system was used for saliva collection and assessed for feasibility and diagnostic performance. For children, a mean of 1.18 mL saliva could be obtained. Based on results from both cohorts, the Salivette® testing algorithm demonstrated the specificity of 100% (95% CI 99.7–100) and sensitivity of 94.9% (95% CI 81.4–99.1) with oropharyngeal swabs as reference. Agreement between sampling systems was 100% for moderate to high viral load situations (defined as Ct-values <33 from oropharyngeal swabs). Comparative analysis of Ct-values derived from saliva vs. oropharyngeal swabs demonstrated a significant difference (mean 4.23; 95% CI 2.48–6.00). In conclusion, the Salivette® system proved to be an easy-to-use, safe and feasible saliva collection method and a more pleasant alternative to oropharyngeal swabs for SARS-CoV-2 testing in children aged 3 years and above.
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1. Introduction


Children, in particular the group of <12-year-olds, are known to be at reduced risk for suffering from COVID-19. However, they have been substantially affected by closures of schools, kindergartens, and childcare facilities in the ongoing pandemic [1,2]. Among many other reports, a recent commentary by Nagakumar and colleagues highlights the urgent need to develop strategies to safely operate schools while avoiding their closures [3]. Hence, scientists and public health leaders alike have been exploring options for coronavirus testing approaches in educational settings. Accumulating evidence points towards a rather low and stable transmission risk in educational institutions despite rising incidence rates in the population, as long as preventative hygiene measures and regular testing strategies are in place [4]. The ideal system to allow for large-scale test operations would be child-friendly, safe to perform, and ideally allow for self-sampling at home or at the appropriate childcare institution without the help of a medical professional. Various groups have explored different sampling methods from a range of clinical specimens, while naso-/oropharyngeal swabs are considered the gold standard [5,6,7,8]. Since no discernable differences in viral loads or detection rates had been demonstrated between naso- and oropharyngeal swabs, oropharyngeal swabs have been considered the primary choice for SARS-CoV-2 testing in children to minimize injuries on the nasopharyngeal route [6,9]. Numerous reports have described saliva sampling in adults as a reliable non-invasive method for SARS-CoV-2 testing with a sensitivity of >80% and a specificity of >95% compared to naso-/oropharyngeal swabs [10,11,12,13,14,15]. Only very few reports have addressed saliva sampling in pediatric cohorts [16]. Of note, two studies comparing naso-/oropharyngeal swabs and saliva samples in symptomatic children found an overall saliva sensitivity of 85.2% (up to 95.2% in patients with high viral load (≥104 copies/mL) in nasopharyngal swabs) and 87.7%, respectively [17,18]. The Salivette® system has been proposed as a device for collecting saliva for SARS-CoV-2 testing in adults [19,20,21,22]. However, feasibility and diagnostic performance of this system in children and for routine testing in educational settings have not been assessed.



Hence, the aim of our study was to establish and assess a practical, safe, and easy-to-use system for saliva collection in educational settings using the Salivette® and subsequent rRT-PCR testing for SARS-CoV-2 for adult staff and children aged 3 years and above.




2. Materials and Methods


2.1. Study Setting and Cohorts


Between June and November 2020, we conducted a weekly SARS-CoV-2 sentinel study in primary schools, kindergartens, and childcare facilities in Munich following approval by the Ethics Committee of the Ludwig-Maximilians University Munich [4]. In a sub-study covering a 7-week period, a total of 1895 paired oropharyngeal and saliva samples were obtained from asymptomatic children and staff attending participating educational institutions. Written informed consent was obtained from all adult individuals and from all parents or legal guardians of children participating in this study.



The Salivette® system was used for saliva sampling (SARSTEDT AG and Co KG, Nuembrecht, Germany; product number 51.1534). Over the 7-week period, we collected concurrent saliva and oropharyngeal swab sample pairs from children (n = 1243; Figure 1) and adult staff (n = 652)—sentinel cohort (SC, n = 1895). In parallel, 49 individuals, both adults and children known to be infected with SARS-CoV-2, were recruited and consented for prospectively paired Salivette® and oropharyngeal swab sampling—patient cohort (PC, n = 49, Supplementary Table S1). PC participants were either recruited in the hospital inpatient setting or in collaboration with public health services by visiting quarantined individuals at home. To identify eligible individuals, the study team was notified of a positive PCR test for SARS-CoV-2 obtained during routine clinical sampling.




2.2. Salivette® Sampling and Laboratory Processing


Supervised saliva sampling and swabbing were performed by medically trained study personnel in specifically assigned rooms on-site at the participating educational institutions. Samples were obtained after a minimum of 30 min since the last food and drink intake. Participants were asked to leave the Salivette®’s absorbent cotton pad in their mouth for a minimum of 2 min. Subsequently, each individual replaced the pad into the Salivette® collection tube and closed it with the topper. Concurrent oropharyngeal swabs were taken immediately after saliva sampling. Following collection, samples were immediately transferred into the study laboratory. Salivette® tubes were centrifuged for 5 min at 1600× g at room temperature to harvest saliva, following a protocol previously established in our children’s hospital’s routine diagnostic laboratory. A subset of samples was measured for saliva volume obtained by individual pipetting. All saliva specimens and swabs were processed using the ampliCube Coronavirus SARS-CoV-2 (Mikrogen, Neuried, Germany) on a Bio-Rad CFX96 Touch rRT-PCR Detection System (Bio-Rad Laboratories GmbH, Munich, Germany). Single gene results were retested with Xpert Xpress SARS-CoV-2 (Cepheid, Sunnyvale, CA, USA). For methodological comparison between swab and saliva sampling, we referred to semi-quantitative cycle threshold (Ct) values of corresponding SARS-CoV-2 gene locus.




2.3. Statistical Analysis


Statistical analysis was conducted using R-studio software, version 4.0.2.3 for chi-square test, Wilcoxon signed-rank test with continuity correction, and Bland–Altman graphical analysis [23].





3. Results


3.1. Feasibility of Salivette® Sampling and Pre-Analytic Aspects


We were able to fully standardize saliva sampling by using the Salivette®. The risk for viral spreading was found to be negligible due to the closed collection system compared to more open systems (spitting, gargling) potentially producing aerosols. Furthermore, the tubes required minimal storage space and were compatible with standard centrifuges making large-scale laboratory processing very feasible. A subset of 875 individual samples (574 children, 301 staff) was subjugated to accurate measurements of saliva volume to explicitly address pre-analytic aspects. We found that for children across all age groups, a mean of 1.18 mL saliva could be obtained. For staff members of the participating institutions, a mean of 1.34 mL saliva could be collected (Table 1).




3.2. Salivette® Diagnostic Performance


Of 1895 prospectively paired oropharyngeal swab and Salivette® samples collected in the sentinel cohort (SC), 1893 showed a negative, and 2 samples yielded a positive result. Thus, as expected, the SC proved to be a low incidence cohort with only two positive pairs of samples detected in week 12 [4]. It, therefore, only allowed for accurate assessment of specificity of the Salivette® method in relation to oropharyngeal swabs. As a consequence, we chose to establish an additional cohort (patient cohort, PC, n = 49) characterized by a high pre-test probability to evaluate the sensitivity of the Salivette® testing method. The median age of this group was 46 years (range 3 to 87 years, male/female ratio 1.3; see Supplementary Table S1) and assessment of saliva volume per Salivette® showed a mean of 1.73 mL (range: 0.75–2.75 mL). A total of eight individuals in the PC tested negative in both saliva and oropharyngeal swab samples. Thirty-seven individuals showed a positive test result from both sampling materials. Finally, two adult individuals demonstrated a discordant negative/positive and two additional adult individuals showed a discordant positive/negative result for Salivette® and oropharyngeal swab samples, respectively. For negative saliva samples, Ct values from corresponding oropharyngeal swab samples were 33.17 and 33.72, while for negative oropharyngeal swab samples, Ct values from corresponding positive saliva samples read 37.49 and 37.68, respectively. No discordant results were seen for children aged <12 years.



Based on combined results from both cohorts, the Salivette® testing method could be assigned a specificity of 100% (95% CI 99.7–100) and a sensitivity (percentage of positive agreement) of 94.9% (95% CI 81.4–99.1) in relation to oropharyngeal swabs (Table 2a,b).




3.3. Ct-Value Comparison


To describe the effect of saliva sampling on Ct-value in comparison to oropharyngeal swabs, we assessed all Ct-values of individual sample pairs. Figure 2 and Figure 3 visualize patient-matched saliva and swab SARS-CoV-2 rRT-PCR Ct-values for respective 39 corresponding sample pairs (2 from SC and 37 from PC).



Wilcoxon signed-rank test with continuity correction showed a significant difference between Ct-value measurements derived from saliva vs. oropharyngeal swabs (p-value = 0.032). In addition, Bland–Altmann graphical comparison showed agreement between the two sampling methods with saliva-derived Ct-values being systematically higher than Ct-values derived from oropharyngeal swabs: mean difference 4.23 (95% CI 2.48–6.00), upper limit of agreement 14.85 (95% CI 17.87–11.82), and lower limit of agreement −6.38 (95% CI −9.41–−3.35) [23]. Ct-value data for all 39 sample pairs, including the age distribution of individuals tested, are listed in the supplementary material (Supplementary Table S2). Due to the limited number of available positive sample pairs from children aged <12 years, only three sample pairs of this age group were included in the Ct-value comparative analysis. The mean difference in Ct-values for these samples was 5.3 (range 0.52–8.42). In addition, we separately analyzed results of corresponding sample pairs for individuals with a moderate to high viral load (defined as Ct-values <33 from oropharyngeal swab samples) and were able to demonstrate that positive percent agreement between the two sampling systems was 100%.





4. Discussion


To our knowledge, this is the first large-scale feasibility study introducing the Salivette® system in combination with rRT-PCR for SARS-CoV-2 testing for children (aged 3 years and above) and staff in educational settings. Thus far, only a few studies have reported the use of this testing algorithm in adults [19,24,25]. The Salivette® system is an easy-to-use, safe, and feasible collection method licensed for supervised (professional use) saliva sampling in children aged 3 years and above. Its use for home sampling in 201 adults over a 2-week period was evaluated, comparing rRT-PCR results from saliva and oropharyngeal swabs [19]. Another recent study assessed Salivette® as a standardized saliva collection device and compared SARS-CoV-2 positivity with paired nasopharyngeal swabs and saliva specimens in about 300 adults. The authors concluded that, when using nasopharyngeal swabs as a reference, Salivette® samples showed a sensitivity and specificity of 82.9% and 91.4%, respectively. However, for samples containing less than 0.15 mL of saliva, the Salivette® cotton roll was topped up with ultra-pure water and eluted again, introducing a relevant dilution effect prior to testing. This may explain the higher sensitivity demonstrated in our study since we did not have to top up any Salivette®-collected saliva sample and were thus always using neat saliva for SARS-CoV-2 testing.



We show that the mean difference in Ct-values between oropharyngeal swabs and saliva collected in the Salivette® system was significant (4.23). Still, overall test specificity of 100% and sensitivity of 94.9% in relation to standard swabs demonstrated in this study were excellent. Of note, positive percent agreement between the two testing methods in individuals with a high to moderate viral load (Ct-values <33 from oropharyngeal swab samples) turned out to be 100%. This is of particular practical relevance since it proves that the Salivette® system is not inferior to oropharyngeal swab sampling in the most relevant group of individuals [26]. However, only one rRT-PCR method was used in our study to assess both saliva and oropharyngeal swab specimens. Obtained Ct-Values were used for strict comparison between the two biological specimen types only. Some studies have demonstrated lower sensitivity and specificity of saliva testing methods, but this is most likely due to inadequate pre-sampling conditions and sample volumes [19]. Most reports do not explicitly address important pre-analytic aspects [8,13,27]. They frequently remain unclear about the volume of saliva collected and whether saliva samples were processed as neat material or diluted (buffer or normal saline) in the laboratory before rRT-PCR testing. To address pre-analytic consistency, we measured the volumes of harvested saliva. The results showed a consistent amount of saliva in adults and children. It has previously been demonstrated that supervised sampling, as in our study, yields better results than self-collection or oropharyngeal washing [15]. Finally, saliva test results are likely to be influenced by prior fluid or food intake, smoking, or other habits such as chewing gums. Melo Costa and colleagues recently assessed the concordance level between nasopharyngeal swab and Salivette® samples in 319 paired samples from adults. They found that routine mouthwashes performed prior to obtaining saliva samples led to a substantial decrease in salivary viral loads, thus negatively impacting SARS-CoV-2 detection [22]. We ensured that saliva samples were not influenced by these factors. One may speculate that the best Salivette® sampling window would be when sampling is integrated as an early-morning, pre-breakfast, and pre-toothbrushing routine procedure in the home setting.



One limitation of our study is based on its design of two independent cohorts. While our study clearly demonstrates both feasibility and highly reliable test performance of the Salivette® system in the SC, the patient cohort for assessment of sensitivity was rather small. Comparison of Ct-values from concurrent sample pairs was only performed on 39 sample pairs. Since the SC proved to be a low incidence cohort with a low pre-test probability [4], we deliberately sought to establish the best cohort for assessment of sensitivity. Thus, our PC was characterized by a high pre-test probability. Hence it was only used to assess sensitivity and not designed to demonstrate specificity. In fact, specificity calculated from the PC would have shown a value of 80.0%, but with an extremely wide 95% confidence interval (CI) ranging from 44.2–96.5% (Table 2b). In contrast, the 95% CI for specificity derived from the SC was 99.7–100%, demonstrating a much more reliable result for specificity based on the SC. Assessing the Salivette®-saliva sensitivity in reference to oropharyngeal swab samples was based on a primarily non-pediatric cohort. In view of several reports comparing results of quantitative SARS-CoV-2 testing in both symptomatic and asymptomatic individuals of different age groups, it is reasonable to assume that there is no discernible difference in respiratory viral loads between children and adults [16,28,29]. In addition, since we were able to show that a sufficient (>1 mL) amount of saliva could be collected across all different age groups (Table 1), accurate and comparable processing of both adult and pediatric samples for SARS-CoV-2 rRT-PCR was ensured. Thus, sensitivity results obtained from the patient cohort may be skewed towards adults, and transferability to a pediatric setting may be limited. Still, the findings will certainly be of practical relevance for pediatric use. Of note, no discordant results were observed from children aged <12 years assessing concurrent pediatric saliva and oropharyngeal swab sample pairs. The four discordant results obtained from adult participants of the PC, a group of individuals all diagnosed with COVID-19 on a previous clinical rRT-PCR test result, are an important matter of debate. While the “saliva-negative/oropharyngeal swab-positive” pairs can easily be explained in view of the mean difference in Ct-values discussed above, we do not feel that the two “saliva positive/oropharyngeal swab-positive” pairs should be regarded as “false positive” since patients had a previously proven SARS-CoV-2 infection. In fact, we would interpret these positive results as “true positives” in view of consistent medical arguments. In a situation with SARS-CoV-2 infection subsiding in respective individuals (Ct-values 37.49 and 37.68), the Salivette® samples may have been superior to oropharyngeal swabs in detecting the virus due to an increasingly patchy distribution of the virus in the oropharynx. This issue of negative swab results and SARS-CoV-2 detection in saliva samples as a correlate for the persistence of the virus in the body after oropharyngeal swab conversion has already been addressed and discussed by a number of groups [30,31]. Some authors even suggested to base evaluation of SARS-CoV-2 positivity on both oropharyngeal swab and subsequent saliva samples [31].



Our findings are further supported by a systematic review and meta-analysis comparing saliva and nasopharyngeal swabs for rRT-PCR testing for SARS-CoV-2 and demonstrating that both methods yield similar sensitivity and specificity across all 16 studies included in the analysis [10]. Other alternative non-oropharyngeal swab approaches have also been explored and may be practical for both adults and children. Whereas buccal swabs do not seem to be a reliable alternative option [32], Willeit and colleagues have reported promising results from gargling samples [33]. While this method may be feasible in adults and older children, it cannot be used in younger children. In addition, gargling involves external fluid or buffer, whereas the Salivette® allows standardized collection of neat saliva as an undiluted clinical specimen. Furthermore, while Salivette®-based saliva collection, due to its closed system, is safe and not posing any risk for virus transmission to healthcare workers or friends and family nearby, gargling methods generate aerosols and are thus less suitable from an infection-control point of view. In view of recent evidence that SARS-CoV-2 also infects salivary glands and oral mucosa, saliva must be regarded as an optimal specimen of SARS-CoV-2 testing [34]. Furthermore, in situations where test capacities are limited, the Salivette®-collected individual saliva samples can easily be pooled in the laboratory to assess 5 or more single samples in one rRT-PCR run [35]. Thus, we fully agree with Anne Wyllie’s group, who recently concluded that standardized, inexpensive, and broadly implementable saliva-based methods could make frequent, comfortable testing for SARS-CoV-2 a reality for communities globally [36].




5. Conclusions


Our study assessing feasibility and diagnostic accuracy of the Salivette® system for SARS-CoV-2 testing clearly demonstrated the specificity of 100% for a large group of >1200 children aged <12 years. Direct Ct-value comparison to calculate sensitivity (94.9%) was based on a smaller and primarily non-pediatric cohort and might thus be skewed towards adults. However, our results will still be of practical relevance for use in children. In view of the current pandemic situation with an increasingly rapid spread of coronavirus variants of concern and the B.1.617.2 (delta) variant, a Salivette® based testing algorithm holds great potential for younger children, the largest yet unimmunized group of individuals, by ensuring safe operation of educational institutions.








Supplementary Materials


The following are available online at https://www.mdpi.com/article/10.3390/diagnostics11101797/s1, Table S1: Characteristics (age [years]; sex) of individuals recruited in the Patient Cohort (PC) used for sensitivity calculation (n = 49). Table S2: Age [years] sex and Ct-values of corresponding gene loci included in the head-to-head analysis (n = 39).





Author Contributions


Conceptualization, M.H., S.V., T.S. and U.v.B.; data curation, U.E., L.K., V.G., S.K. and A.R.-H.; formal analysis, M.H., S.V., U.E., L.K. and U.v.B.; investigation, M.H., S.V., U.E., V.G., V.F., N.A., A.S., S.K., A.R.-H., M.M.-B. and U.v.B.; methodology, M.H., S.V., U.E., V.F., N.A., A.S., B.L., J.H., S.K., A.R.-H., M.M.-B., T.S. and U.v.B.; project administration, M.H., S.V. and U.v.B.; resources, M.H. and U.v.B.; supervision, M.H., U.E., N.A., A.S., B.L., J.H., M.M.-B. and U.v.B.; validation, M.H., S.V., U.E., T.S. and U.v.B.; writing—original draft, M.H., S.V. and U.v.B. All authors read critically revised and finally approved the manuscript and take full responsibility of its content. All authors have read and agreed to the published version of the manuscript.




Funding


This research received no external funding.




Institutional Review Board Statement


The study protocol was reviewed and approved by the Ethics Committee of the LUDWIG MAXIMILIANS UNIVERSITY (LMU) (protocol code 20-484, dated 5 June 2020).




Informed Consent Statement


Written informed consent was obtained from all adult individuals and from all parents or legal guardians of children participating in the study.




Data Availability Statement


The data presented in this study and not included in the supplementary material are available on request from the corresponding author. The data are not publicly available due to privacy and ethical reasons.




Acknowledgments


Authors would like to thank Elisabeth Dick, Annalena Branz, Felix Flachenecker, Janina Ludwig, Adrian Rödig, Maria-Sophia Stadler, Jasmin Mahdawi and Johannes Nowak, Alexandra Köhler, Alexandra Schubö, Noah Lee, and Maxim Ustinov for helping in the field and supporting editing processes. Special thanks go to Martin Alberer for critical review and helpful comments on the manuscript. Authors would like to thank all participating institutions, their staff as well as all children and their parents for their valuable support. Authors would also like to thank the Bayerisches Staatsministerium für Unterricht und Kultus and the Referat für Bildung und Sport der Landeshauptstadt München for non-financial support and approval of the study.




Conflicts of Interest


The authors declare that they have no competing interests.




References


	



Snape, M.D.; Viner, R.M. COVID-19 in children and young people. Science 2020, 370, 286–288. [Google Scholar] [CrossRef]

	



Schober, T.; Rack-Hoch, A.; Kern, A.; von Both, U.; Hübner, J. Coronakrise: Kinder haben das recht auf bildung. Dtsch. Ärztebl. 2020, 117, A990–A994. [Google Scholar]

	



Nagakumar, P.; Chadwick, C.-L.; Bush, A.; Gupta, A. Collateral impact of COVID-19: Why should children continue to suffer? Eur. J. Pediatr. 2021, 180, 1975–1979. [Google Scholar] [CrossRef] [PubMed]

	



Hoch, M.; Vogel, S.; Kolberg, L.; Dick, E.; Fingerle, V.; Eberle, U.; Ackermann, N.; Sing, A.; Huebner, J.; Rack-Hoch, A.; et al. Weekly SARS-CoV-2 sentinel surveillance in primary schools, kindergartens, and nurseries, Germany, June–November 2020. Emerg. Infect. Dis. 2021, 27, 2192–2196. [Google Scholar] [CrossRef] [PubMed]

	



Wang, W.; Xu, Y.; Gao, R.; Lu, R.; Han, K.; Wu, G.; Tan, W. Detection of SARS-CoV-2 in different types of clinical specimens. JAMA 2020, 323, 1843–1844. [Google Scholar] [CrossRef]

	



Wölfel, R.; Corman, V.M.; Guggemos, W.; Seilmaier, M.; Zange, S.; Müller, M.A.; Niemeyer, D.; Jones, T.C.; Vollmar, P.; Rothe, C.; et al. Virological assessment of hospitalized patients with COVID-2019. Nature 2020, 581, 465–469. [Google Scholar] [CrossRef] [PubMed]

	



COVID-19 Investigation Team. Clinical and virologic characteristics of the first 12 patients with coronavirus disease 2019 (COVID-19) in the United States. Nat. Med. 2020, 26, 861–868. [Google Scholar] [CrossRef] [PubMed]

	



Berenger, B.M.; Conly, J.M.; Fonseca, K.; Hu, J.; Louie, T.; Schneider, A.R.; Singh, T.; Stokes, W.; Ward, L.; Zelyas, N. Saliva collected in universal transport media is an effective, simple and high-volume amenable method to detect SARS-CoV-2. Clin. Microbiol. Infect. 2021, 27, 656–657. [Google Scholar] [CrossRef]

	



Robert Koch Institut. Hinweise zur Testung von Patienten auf Infektion mit dem Neuartigen Coronavirus SARS-CoV-2. Available online: https://www.rki.de/DE/Content/InfAZ/N/Neuartiges_Coronavirus/Vorl_Testung_nCoV.html;jsessionid=42E84D04681DAA75CBDDF70CC7E232C3.internet112?nn=13490888#doc13490982bodyText2 (accessed on 28 August 2021).

	



Butler-Laporte, G.; Lawandi, A.; Schiller, I.; Yao, M.C.; Dendukuri, N.; McDonald, E.G.; Lee, T.C. Comparison of saliva and nasopharyngeal swab nucleic acid amplification testing for detection of SARS-CoV-2: A systematic review and meta-analysis. JAMA Intern. Med. 2021, 181, 353. [Google Scholar] [CrossRef] [PubMed]

	



Yokota, I.; Shane, P.Y.; Okada, K.; Unoki, Y.; Yang, Y.; Inao, T.; Sakamaki, K.; Iwasaki, S.; Hayasaka, K.; Sugita, J.; et al. Mass screening of asymptomatic persons for SARS-CoV-2 using saliva. Clin. Infect. Dis. 2021, 73, e559–e565. [Google Scholar] [CrossRef]

	



Azzi, L. Saliva is the key element for SARS-CoV-2 mass screening. Clin. Infect. Dis. 2020, 73, e566–e568. [Google Scholar] [CrossRef] [PubMed]

	



Wyllie, A.L.; Fournier, J.; Casanovas-Massana, A.; Campbell, M.; Tokuyama, M.; Vijayakumar, P.; Warren, J.L.; Geng, B.; Muenker, M.C.; Moore, A.J.; et al. Saliva or nasopharyngeal swab specimens for detection of SARS-CoV-2. N. Engl. J. Med. 2020, 383, 1283–1286. [Google Scholar] [CrossRef] [PubMed]

	



Pasomsub, E.; Watcharananan, S.P.; Boonyawat, K.; Janchompoo, P.; Wongtabtim, G.; Suksuwan, W.; Sungkanuparph, S.; Phuphuakrat, A. Saliva sample as a non-invasive specimen for the diagnosis of coronavirus disease 2019: A cross-sectional study. Clin. Microbiol. Infect. 2021, 27, 285.e1–285.e4. [Google Scholar] [CrossRef] [PubMed]

	



Fernández-González, M.; Agulló, V.; de La Rica, A.; Infante, A.; Carvajal, M.; García, J.A.; Gonzalo-Jiménez, N.; Cuartero, C.; Ruiz-García, M.; de Gregorio, C.; et al. Performance of saliva specimens for the molecular detection of SARS-CoV-2 in the community setting: Does sample collection method matter? J. Clin. Microbiol. 2021, 59, e03033-20. [Google Scholar] [CrossRef]

	



Yee, R.; Truong, T.T.; Pannaraj, P.S.; Eubanks, N.; Gai, E.; Jumarang, J.; Turner, L.; Peralta, A.; Lee, Y.; Dien Bard, J. Saliva is a promising alternative specimen for the detection of SARS-CoV-2 in children and adults. J. Clin. Microbiol. 2021, 59, e02686-20. [Google Scholar] [CrossRef]

	



Al Suwaidi, H.; Senok, A.; Varghese, R.; Deesi, Z.; Khansaheb, H.; Pokasirakath, S.; Chacko, B.; Abufara, I.; Loney, T.; Alsheikh-Ali, A. Saliva for molecular detection of SARS-CoV-2 in school-age children. Clin. Microbiol. Infect. 2021, 27, 1330–1335. [Google Scholar] [CrossRef]

	



Fougère, Y.; Schwob, J.M.; Miauton, A.; Hoegger, F.; Opota, O.; Jaton, K.; Brouillet, R.; Greub, G.; Genton, B.; Gehri, M.; et al. Performance of RT-PCR on saliva specimens compared with nasopharyngeal swabs for the detection of SARS-CoV-2 in children: A prospective comparative clinical trial. Pediatr. Infect. Dis. J. 2021, 40, e300–e304. [Google Scholar] [CrossRef]

	



Braz-Silva, P.H.; Mamana, A.C.; Romano, C.M.; Felix, A.C.; de Paula, A.V.; Fereira, N.E.; Buss, L.F.; Tozetto-Mendoza, T.R.; Caixeta, R.A.V.; Leal, F.E.; et al. Performance of at-home self-collected saliva and nasal-oropharyngeal swabs in the surveillance of COVID-19. J. Oral Microbiol. 2020, 13, 1858002. [Google Scholar] [CrossRef]

	



Villar, L.M.; da Costa, V.D.; Marques, B.C.L.; da Silva, L.L.; Santos, A.C.; Mendonça, A.C.d.F.; Marques, V.A.; do Nascimento, G.P.; Lewis-Ximenez, L.L.; de Paula, V.S. Usefulness of saliva samples for detecting SARS-CoV-2 RNA among liver disease patients. J. Infect. 2021, 82, e4–e5. [Google Scholar] [CrossRef]

	



Melo Costa, M.; Benoit, N.; Dormoi, J.; Amalvict, R.; Gomez, N.; Tissot-Dupont, H.; Million, M.; Pradines, B.; Granjeaud, S.; Almeras, L. Salivette, a relevant saliva sampling device for SARS-CoV-2 detection. J. Oral Microbiol. 2021, 13, 1920226. [Google Scholar] [CrossRef]

	



Costa, M.M.; Benoit, N.; Tissot-Dupont, H.; Million, M.; Pradines, B.; Granjeaud, S.; Almeras, L. Mouth washing impaired SARS-CoV-2 detection in Saliva. Diagnostics 2021, 11, 1509. [Google Scholar] [CrossRef] [PubMed]

	



Bland, J.M.; Altman, D.G. Statistical methods for assessing agreement between two methods of clinical measurement. Lancet 1986, 1, 307–310. [Google Scholar] [CrossRef]

	



Aita, A.; Basso, D.; Cattelan, A.M.; Fioretto, P.; Navaglia, F.; Barbaro, F.; Stoppa, A.; Coccorullo, E.; Farella, A.; Socal, A.; et al. SARS-CoV-2 identification and IgA antibodies in saliva: One sample two tests approach for diagnosis. Clin. Chim. Acta 2020, 510, 717–722. [Google Scholar] [CrossRef] [PubMed]

	



Portilho, M.M.; Mendonça, A.; Marques, V.A.; Nabuco, L.C.; Villela-Nogueira, C.A.; Ivantes, C.; Lewis-Ximenez, L.L.; Lampe, E.; Villar, L.M. Comparison of oral fluid collection methods for the molecular detection of hepatitis B virus. Oral Dis. 2017, 23, 1072–1079. [Google Scholar] [CrossRef] [PubMed]

	



Marot, S.; Calvez, V.; Louet, M.; Marcelin, A.-G.; Burrel, S. Interpretation of SARS-CoV-2 replication according to RT-PCR crossing threshold value. Clin. Microbiol. Infect. 2021, 27, 1056–1057. [Google Scholar] [CrossRef] [PubMed]

	



Skolimowska, K.; Rayment, M.; Jones, R.; Madona, P.; Moore, L.S.P.; Randell, P. Non-invasive saliva specimens for the diagnosis of COVID-19: Caution in mild outpatient cohorts with low prevalence. Clin. Microbiol. Infect. 2020, 26, 1711–1713. [Google Scholar] [CrossRef] [PubMed]

	



Madera, S.; Crawford, E.; Langelier, C.; Tran, N.K.; Thornborrow, E.; Miller, S.; DeRisi, J.L. Nasopharyngeal SARS-CoV-2 viral loads in young children do not differ significantly from those in older children and adults. Sci. Rep. 2021, 11, 3044. [Google Scholar] [CrossRef] [PubMed]

	



Baggio, S.; L’Huillier, A.G.; Yerly, S.; Bellon, M.; Wagner, N.; Rohr, M.; Huttner, A.; Blanchard-Rohner, G.; Loevy, N.; Kaiser, L.; et al. Severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) viral load in the upper respiratory tract of children and adults with early acute coronavirus disease 2019 (COVID-19). Clin. Infect. Dis. 2021, 73, 148–150. [Google Scholar] [CrossRef]

	



Liu, Y.; Yan, L.-M.; Wan, L.; Xiang, T.-X.; Le, A.; Liu, J.-M.; Peiris, M.; Poon, L.L.M.; Zhang, W. Viral dynamics in mild and severe cases of COVID-19. Lancet Infect. Dis. 2020, 20, 656–657. [Google Scholar] [CrossRef]

	



Azzi, L.; Carcano, G.; Dalla Gasperina, D.; Sessa, F.; Maurino, V.; Baj, A. Two cases of COVID-19 with positive salivary and negative pharyngeal or respiratory swabs at hospital discharge: A rising concern. Oral Dis. 2021, 27 (Suppl. 3), 707–709. [Google Scholar] [CrossRef]

	



Kam, K.-Q.; Yung, C.F.; Maiwald, M.; Chong, C.Y.; Soong, H.Y.; Loo, L.H.; Tan, N.W.H.; Li, J.; Nadua, K.D.; Thoon, K.C. Clinical utility of buccal swabs for severe acute respiratory syndrome coronavirus 2 detection in coronavirus disease 2019-infected children. J. Pediatr. Infect. Dis. Soc. 2020, 9, 370–372. [Google Scholar] [CrossRef]

	



Willeit, P.; Krause, R.; Lamprecht, B.; Berghold, A.; Hanson, B.; Stelzl, E.; Stoiber, H.; Zuber, J.; Heinen, R.; Köhler, A.; et al. Prevalence of RT-qPCR-detected SARS-CoV-2 infection at schools: First results from the Austrian School-SARS-CoV-2 prospective cohort study. Lancet Reg. Health-Eur. 2021, 5, 100086. [Google Scholar] [CrossRef] [PubMed]

	



Huang, N.; Pérez, P.; Kato, T.; Mikami, Y.; Okuda, K.; Gilmore, R.C.; Conde, C.D.; Gasmi, B.; Stein, S.; Beach, M.; et al. SARS-CoV-2 infection of the oral cavity and saliva. Nat. Med. 2021, 27, 892–903. [Google Scholar] [CrossRef] [PubMed]

	



Möst, J.; Eigentler, A.; Orth-Höller, D. Pooled saliva samples as an approach to reduce the spread of infections with SARS-CoV-2. Infection 2021, 49, 797–798. [Google Scholar] [CrossRef] [PubMed]

	



Tan, S.H.; Allicock, O.; Armstrong-Hough, M.; Wyllie, A.L. Saliva as a gold-standard sample for SARS-CoV-2 detection. Lancet Respir. Med. 2021, 9, 562–564. [Google Scholar] [CrossRef]








[image: Diagnostics 11 01797 g001 550] 





Figure 1. Pediatric sample pairs (oropharyngeal swab and Salivette®) were collected for SARS-CoV-2 rRT-PCR testing per study week. Colored bars illustrate stratification for individual age groups starting from the age of 3 years. y = years, wk = week. 
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Figure 2. Comparison of cycle threshold (Ct) values of SARS-CoV-2 rRT-PCR corresponding gene loci from 39 Patient-matched saliva and oropharyngeal swab samples (SC: 2, PC: 37); p-value was calculated by Wilcoxon matched-pairs signed-rank test. 
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Figure 3. Bland-Altman graph displaying means and mean differences of Cycle threshold (Ct) values between 39 saliva and oropharyngeal swab sample pairs (SC: 2, PC: 37), including upper and lower limits of agreement. 
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Table 1. Maximum, mean, and minimum amount of saliva collected using the Salivette® system in children and staff (n = 875): Volume (mL).
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	Volume [mL]
	3–4 Years (n = 145)
	5–6 Years

(n = 167)
	7–8 Years (n = 170)
	9–11 Years (n = 92)
	All Children (n = 574)
	Staff

(n = 301)





	Maximum
	2.50
	2.50
	3.00
	2.50
	
	2.75



	Mean
	1.04
	1.13
	1.21
	1.33
	1.18
	1.34



	Minimum
	0.20
	0.20
	0.20
	0.25
	
	0.20
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Table 2. Patient-matched saliva (obtained using the Salivette® collection system) and oropharyngeal swab data (rRT-PCR for SARS-CoV-2) for individuals tested for SARS-CoV-2, indicating specificity (a, sentinel cohort, SC) and sensitivity (b, patient cohort, PC).






Table 2. Patient-matched saliva (obtained using the Salivette® collection system) and oropharyngeal swab data (rRT-PCR for SARS-CoV-2) for individuals tested for SARS-CoV-2, indicating specificity (a, sentinel cohort, SC) and sensitivity (b, patient cohort, PC).





	

	

	
Oropharyngeal Swab




	
(a)

Sentinel cohort 1 (SC)

	

	
SARS-CoV-2

detected

	
SARS-CoV-2

not detected




	
saliva

(Salivette®)

	
SARS-CoV-2

detected

	
2

	
0




	
SARS-CoV-2

not detected

	
0

	
1893




	

	
total

	
2

	
1893




	
Sensitivity: 100% (95% CI: 19.8–100%)

Specificity: 100% (95% CI: 99.7–100%)




	

	

	
Oropharyngeal Swab




	
(b)

Patient cohort 2 (PC)

	

	
SARS-CoV-2

detected

	
SARS-CoV-2

not detected




	
saliva

(Salivette®)

	
SARS-CoV-2

detected

	
37

	
2




	
SARS-CoV-2

not detected

	
2

	
8




	

	
total

	
39

	
10




	
Sensitivity: 94.9% (95% CI: 81.4–99.1%)

Specificity: 80% (95% CI: 44.2%–96.5%)








1 Due to its low incidence character SC did not allow calculating sensitivity. 2 Due to its high pre-test probability PC was not designed to assess specificity.



















	
	
Publisher’s Note: MDPI stays neutral with regard to jurisdictional claims in published maps and institutional affiliations.











© 2021 by the authors. Licensee MDPI, Basel, Switzerland. This article is an open access article distributed under the terms and conditions of the Creative Commons Attribution (CC BY) license (https://creativecommons.org/licenses/by/4.0/).






media/file4.png
p<0.05

\

,:.%

:

|

A

\
)

f_.., '_._
,,4,,,

i

\

\

,‘.

.///

:
/

\
W
i\

\
!
”

”

\

Saliva sample

Oropharyngeal swab

40

35

30

o
o

anjea-)D

20

15

10





nav.xhtml


  diagnostics-11-01797


  
    		
      diagnostics-11-01797
    


  




  





media/file0.png





media/file2.png
180
39 32
160 34 30 =
39 % i i /
140 ’
-§ = .
;m o~ e
54
o %
B & ]
g I & %
f-f- @ 100
5
E £
3 g
§ s
|
-
=]
60
JE 2
&
40
20
0
wk1 wk 2 wk3
#9-11 y (n=248) 39 39 39
m7-8 y (n=371) 57 47 45 50 65 | 53 54
W56y (n=342) 47 48 48 52 41 49 57
W34y (n=282) 2 34 40 42 40 45 39





media/file5.jpg
Difference

15

10

Mean 4.23

(95% Cl 2.48-5.99)|

Lower limit of agreement
(95% C1-9.41-3.35)

-10

15

20

2

30
Mean

35 40





media/file6.png
Difference

15 4 Upper limit of agreement
(95% CI 11.82-17.87)
10 -  J- D. . 2
5 - e ® - Mean 4.23
.. |z (95% Cl 2.48-5.99)
0 i L
[ %
=5 1 o o ’ Lower limit of agreement
(95% CI -9.41-3.35)
—10 1 | | | T
15 20 25 30 39 40





media/file3.jpg
<005

10

Saiiva sample

Oropharyngeal swab





media/file1.jpg
(- sodars v e
s s






