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Abstract: Efficient, wide-scale testing for SARS-CoV-2 is crucial for monitoring the incidence of the 

infection in the community. The gold standard for COVID-19 diagnosis is the molecular analysis of 

epithelial secretions from the upper respiratory system captured by nasopharyngeal (NP) or oro-

pharyngeal swabs. Given the ease of collection, saliva has been proposed as a possible substitute to 

support testing at the population level. Here, we used a novel saliva collection device designed to 

favour the safe and correct acquisition of the sample, as well as the processivity of the downstream 

molecular analysis. We tested 1003 nasopharyngeal swabs and paired saliva samples self-collected 

by individuals recruited at a public drive-through testing facility. An overall moderate concordance 

(68%) between the two tests was found, with evidence that neither system can diagnose the infection 

in 100% of the cases. While the two methods performed equally well in symptomatic individuals, 

their discordance was mainly restricted to samples from convalescent subjects. The saliva test was 

at least as effective as NP swabs in asymptomatic individuals recruited for contact tracing. Our 

study describes a testing strategy of self-collected saliva samples, which is reliable for wide-scale 

COVID-19 screening in the community and is particularly effective for contact tracing. 

Keywords: COVID-19; saliva testing; molecular diagnosis; SARS-CoV-2 detection 

 

1. Introduction 

SARS-CoV-2, the coronavirus causing COVID-19, has spread in all continents since 

the end of 2019, quickly becoming pandemic. The infection causes a respiratory syndrome 

which can be lethal, especially in individuals affected by other pathologies and in the el-

derly population. The widespread diffusion of the virus exposed the healthcare systems 

worldwide to an unprecedented pressure, quickly overpowering hospitals and healthcare 

professionals. In order to control the spread of the virus, to protect the individuals most 
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at risk and to preserve the functionality of the healthcare system, the capability to 

promptly track the presence of SARS-CoV-2 in the community remains critical [1]. 

For a long time, the gold standard to reliably diagnose respiratory infections has been 

the analysis of secretions from the mucosa of the upper respiratory epithelium collected 

by nasopharyngeal or oropharyngeal swabs. For the diagnosis of SARS-CoV-2, maximum 

sensitivity is ensured by detecting the viral RNA in the swab using RT-PCR [2]. However, 

the success of the diagnosis relies on the correct procedure for collecting the specimen, 

which, in the case of nasopharyngeal samples, requires the introduction of the swab 

through the nasal septum to reach the epithelium of the nasopharynx, causing discomfort 

to the individuals being tested [3]. While the correct procedure is normally performed by 

skilled healthcare professionals, some countries (e.g., the UK) implemented a policy of 

swab self-administration to favour testing scale-up. Such practice is debated as other 

countries, such as Italy, currently consider swab self-collection too unreliable and, there-

fore, employ thousands of trained professionals for community testing. In such cases, 

swab collection also poses a biohazard risk for the personnel collecting the specimens who 

are directly exposed to the aerosol generated by the individual being tested. To overcome 

these problems, the possibility of using saliva for COVID-19 testing was explored soon 

after the virus was declared pandemic as an alternative to nasopharyngeal swabs [4]. 

Several studies investigated the presence of SARS-CoV-2 in oral fluids at different 

stages of the infection by RT-PCR, comparing the sensitivity of virus detection in saliva 

and in pharyngeal swabs. The current literature provides a consensus suggesting that vi-

ral load found in saliva is adequate for a reliable diagnosis, with several investigations 

reporting more efficient detection of SARS-CoV-2 in saliva than nasopharyngeal swabs 

[5–7]. Despite the encouraging evidence, adoption of wide-scale saliva testing remains 

hampered by the lack of standardisation of the method of collection and the analytical 

procedure [8]. Available devices for collecting saliva can be very different, potentially im-

pacting the sensitivity of detection. Popular methods include the absorption of saliva on 

a pad from which the fluid has to be mechanically eluted or drooling into a test tube [9]. 

In either case, the degree of viscosity, which varies among subjects, can hinder down-

stream processing, interfering with pipetting, causing contamination and impacting on 

the efficiency of the RNA extraction. 

Here, we describe the result of a large diagnostic effort implemented within an aca-

demic setting (the University of Trento, Trento, Italy) to assist the local health service with 

testing and screening activities for SARS-CoV-2 infection in the general population. To 

this end, a workflow for the mass-scale analysis of saliva samples was established, starting 

with the design of a system that facilitates the autonomous and safe collection of saliva 

and the semi-automation of the downstream processing of samples. This strategy was 

tested in the context of the general population, including symptomatic and asymptomatic 

individuals who were subjected to both saliva and nasopharyngeal swab analysis, allow-

ing for a direct comparison. 

2. Materials and Methods 

2.1. Study Population 

Subjects were recruited at a drive-through testing facility between 25 March and 23 

April 2021. The cohort included individuals from the general population undergoing 

COVID-19 testing for different reasons. Some individuals were tested because they pre-

sented with respiratory symptoms, others had already been diagnosed with COVID-19 

and they were tested to confirm their recovery, others were tested for contact tracing and, 

finally, a group of healthcare operators was undergoing regular, routine screening (Table 

1). The study received prior approval by the Ethical Committee of the local health author-

ity (Azienda Provinciale per i Servizi Sanitari of the autonomous province of Trento). In-

formed consent was obtained from all participants undergoing testing. 
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Table 1. Characteristics of the subjects recruited in the studies. 

  n. of individuals 
Positive NP swabs Positive saliva samples 

n % (95% CI) n % (95% CI) 

Total 1003 344 34.3 (31.4-37.3) 312 31.1 (28.3-34.0) 

Males 434 175 40 (35.8-45) 158 36.4 (32.0-41.0) 

Females 569 169 29.7 (26.1-33.6) 154 27.1 (23.6-30.9) 

Contact tracing 193 56 29.0 (22.7-36.0) 65 33.7 (27.4-40.6) 

Convalescents 442 276 62.4 (57.8-66.8) 235 
53.2% (48.5-

57.8) 

Screening 351 4 1.1 (0.3-3.0) 4 1.1 (0.3-3.0) 

Suspected 17 8 47.1 (26.2-69.0) 8 47.1 (26.2-69.0) 

Age (years) mean +/− SD: 41.7 (+/− 15.2). 

2.2. Sample Collection 

All subjects enrolled underwent testing of NP swabs and saliva. While waiting in line 

for collection of the NP swab by a healthcare professional, a saliva collection kit (Comedi-

cal, Trento, Italy) was distributed to the participants. Each individual collected the saliva 

autonomously after reading or watching the instructions provided with the kit 

(https://www.covidsaliva.it/ accessed 25 March 2021). Inclusion in the study required par-

ticipants to not eat, drink or smoke for at least 30 min prior to saliva collection. The NP 

swabs were acquired immediately after saliva samples were collected. More than one 

healthcare professional acquired the NP samples from different subjects. Both saliva and 

NP swabs were transported to the laboratory the same day, stored at 4 °C overnight and 

processed for analysis the following day. 

2.3. The Analytical Process 

All liquid handling was performed with robotised, multichannel pipettes with ad-

justable tip spacing (Assist Plus, Integra Biosciences, Zizers, Switzerland). Saliva samples 

were first fluidified with the addition of 1 mL DTT 6.5 mM in water directly into the col-

lection tubes followed by pipetting up and down 10 times for resuspending the reducing 

solution. After this operation, the saliva was sufficiently fluidified for further processing. 

Saliva and NP samples were thereafter transferred to 96-well DeepWell™ plates (Ther-

mofisher, Scientific, Waltham, MA USA) and extraction performed using the MagMAXTM 

Viral/Pathogen Nucleic Acid Isolation Kit (Thermofisher, Scientific, Waltham, MA, USA) 

following the manufacturer’s instruction. After addition of the extraction mix, proteinase 

K was also added, as indicated by the manufacturer’s instructions, a step that was found 

to be crucial for the efficiency of the RNA extraction from the saliva. Extraction was oper-

ated with a KingFisher™ Flex Purification System (ThermoFisher, Scientific, Waltham, 

MA USA) and automatic extractor, and RNA was eluted in 50 µL of RNAse-free water. 

PCR was set up on 96-well plates using a dedicated, robotised, multichannel pipette with 

adjustable tip spacing (Assist Plus, Integra, Biosciences, Switzerland). RT-PCR amplifica-

tion was performed on CFX96 thermocyclers (BioRad, Hercules, CA, USA) using the 

Novel Coronavirus Real Time Multiplex RT-PCR Kit (Liferiver Bio-Tech, La Jolla, CA, 

USA) following the manufacturer’s instructions. During the period of our investigation, 

the largely predominant SARS-CoV-2 variant in Italy was alpha (B1.1.1.7), efficiently de-

tected by the RT-PCR kit adopted for the study. Amplification results were analysed using 

CFX Maestro software with the single threshold method and Ct calculated by placing the 

threshold just above the signal given by the molecular grade water negative control sam-

ple. Diagnosis was based on the detection of RdRP gene within a threshold value of 40. 

The kit provides an internal extraction control to be added to each sample, which was 

used to monitor the efficiency of extraction. A custom-made middleware (Olos, Stardata, 

Ascoli Piceno Italy) was implemented to track the samples through the process, to guide 

https://www.covidsaliva.it/
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the operators through the analytical phases, to retrieve the amplification results and to 

communicate the data to the healthcare service repository. 

2.4. Statistical Analysis 

The quantification of agreement (concordance) by kappa, the Pearson correlation co-

efficient, the confidence intervals and the standard deviations were calculated using Prism 

(GraphPad Software, San Diego, CA, USA). 

3. Results 

3.1. Design of an Analytical Workflow Allowing Large-Scale Screening of SARS-CoV-2 in Saliva 

With the scope of assisting the safe self-collection of saliva by the users and, at the same 

time, facilitating high processivity of the downstream molecular analysis, a novel saliva col-

lection device was first designed. Standard 13 mm × 80 mm tubes already widely used for 

collecting nasopharyngeal swabs were equipped with an insert functioning as a straw for 

the deposition of saliva (Figure 1a). To prevent contamination of the exterior of the tube with 

oral fluid and avoid the potential dispersion of contaminated material in the environment, 

the insert was made to fully enter and remain locked inside the tube after saliva collection. 

The straw was designed to be compatible with the direct introduction of 1250 µL pipette 

tips for withdrawing the oral fluid, avoiding the need for further processing steps, such as 

centrifugation, before proceeding directly with the analytical protocol. 

  

(a) (b) 

Figure 1. Description of the organisation of the analytical process. (a) The saliva collection device 

used in this study consists of a standard 13 mm tube provided with an insert to aid the deposition 

of saliva, which remains inside the tube without interfering with the introduction of pipette tips. (b) 

The analytical process begins with the tubes being prepared on racks (I). They are accepted by a 

robotised, multichannel pipettor with adjustable tip spacing (II), which produces 96-well formatted 

plates for batched RNA extraction (III). PCR plates are then assembled with a dedicated, robotised 

pipettor (IV) before amplification in a thermocycler (V). Transition between steps is performed by 

an operator. 

Subjects enrolled in the study were instructed to collect between 0.5 and 1 mL of sa-

liva into the tube, as indicated by labels on the tube itself (Figure 1a). The tubes with saliva 

were mounted on a rack and processed using a robot-operated, multichannel pipette with 

adjustable tip spacing, allowing the deposition of the oral fluid into a standard 96-well 

formatted plate (Figure 1b). To address the potentially high viscosity of saliva, 1 mL of a 

6.5 mM DTT solution was first added to the samples using the same robotised pipette. 

This addition proved very effective at increasing fluidity, facilitating automatic pipetting 

and preventing the formation of threads of saliva on pipette tips, which could possibly 

cause cross-contamination. Based on the efficiency of the extraction of an internal control 

added to the samples being processed, DTT treatment was found compatible with the 

effective recovery of nucleic acids in every sample analysed. Saliva samples were auto-

matically formatted into multi-well plates for downstream RNA extraction and RT-PCR, 

operated in batches of 96 (Figure 1b). The sample check-in required to enter the analytical 
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line, the tracking of the samples through the different steps of the process, the evaluation 

of results and the final reporting to the health service repository was managed by a cus-

tom-made middleware which was instrumental for coordinating and instructing the op-

erators through the different analytical phases. The analytical cycle, from the addition of 

DTT to the samples to the completion of the RT-PCR, lasted 3 h, with a processivity of 384 

saliva samples per hour per production line. 

3.2. Global Comparison of SARS-CoV-2 Detection in Saliva and NP Swabs 

NP swabs and salivary samples were collected from 1025 individuals coming to a 

public drive-through testing facility in Trento, Italy. NP swabs were administered by 

healthcare workers while saliva was collected autonomously by each person enrolled in 

the study. Among the people investigated were symptomatic and asymptomatic subjects 

from the general population, as well as healthcare professionals undergoing routine peri-

odic screening (Table 1). Saliva samples and NP swabs were analysed using the same RNA 

extraction method and RT-PCR kit and compared based on the detection of the RdRP gene 

over 40 PCR cycles. The amount of saliva collected by each subject was the only criterion 

adopted for excluding samples from analyses. Tubes containing visibly less than 0.5 mL 

of oral fluid were removed from further processing. Out of 1025 samples collected, only 

22 (2.1%) were discarded based on this criterion. 

Out of 1003 individuals tested, the number of SARS-CoV-2 positive saliva samples was 

312 (31%) while SARS-CoV-2 was detected in 344 (34.3%) NP swabs (Figure 2a). However, 

the total number of positive subjects detected by either the saliva or the nasopharyngeal test 

methods was 419 (41.8%), with 237 samples found positive and 584 samples negative with 

both tests, giving a total concordance of 81.8% with a kappa index of 0.588 (Figure 2a). 

  

Figure 2. Global concordance between SARS-CoV-2 detection in saliva and NP swabs. (a) Heat map 

showing the individuals that tested positive (green) or negative (grey) for SARS-CoV-2 in the saliva 

or NP swabs. The percentage of agreements between results from saliva samples and NP swabs and 

the kappa index with 95% confidence interval (CI) is indicated. (b) Ct values of all positive NP swabs 

and saliva samples. Mean and standard deviation in indicated for each group. (c) Correlation be-

tween RT-PCR cycle threshold (Ct) values of paired nasopharyngeal swabs and self-administered 

saliva samples (n = 1003). Shown is the fitted curve of the linear regression, the Pearson correlation 

coefficient (r), the goodness of fit (R2) and the 95% confidence interval (CI). LOD: limit of detection. 

(d) Ct values of saliva samples and NP swabs from individuals testing positive with only one of the 

two methods, categorized by group of subjects as indicated by the colours specified in the legend. 

Indicated are the mean values and the standard deviations of the populations plotted. 

Considering the NP swabs as reference, the global sensitivity of the saliva test was 

68.9% (237/344) with a specificity of 88.6% (584/659). By assessing all subjects in which 

SARS-CoV-2 was detected, either in the saliva or in the NP swabs, the sensitivity of detec-

tion was 74.5% (312/419) with the saliva and 82.1% (344/419) with the NP swabs; therefore, 

moderately higher sensitivity was indicated for the latter. 
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When the Ct values of the positive samples were compared (Figure 2b), the mean 

values obtained with the two methods were similar (31.60 for NP and 32.19 for saliva). 

Overall, a strong and statistically significant correlation was found between Cts obtained 

with the two techniques (r = 0.6994 with p-value < 0.0001), indicating a general trend with 

individuals with high viral loads in the NP swabs presenting also with a high viral load 

in saliva (Figure 2c). However, in 182 subjects, SARS-CoV-2 was discordantly detected in 

the two types of samples; 75 individuals tested positive in the saliva and negative in the 

NP swabs (NP−/S+), while 107 subjects tested positive in the NP swab and negative in the 

saliva (NP+/S−, Figure 2a). The overall comparison of the Ct values from these discordant 

samples revealed similar mean Ct values. However, while all NP+/S− samples produced 

values higher than 29, a cluster of seven NP−/S+ samples was clearly different from the 

remaining samples, characterised by exceptionally low Ct values ranging between 21 and 

26 (dotted rectangle in Figure 2d), irrespective of the group of individuals being tested. 

Therefore, some individuals with an exceptionally high viral load in the saliva failed to 

test positive in the NP swab (Figure 2d). 

3.3. Saliva and NP Swabs Give Concordant Results in Symptomatic Subjects and in Individuals 

Recruited from Contact Tracing 

The subjects enrolled in the study included individuals undergoing testing for hav-

ing been recently in contact with infected persons (contact tracing), convalescent individ-

uals testing to confirm their recovery, healthcare professionals for routine screening or 

symptomatic individuals suspected of infection (Table 1). Positive individuals recruited 

for contact tracing are likely to represent the initial stages of the infection, in contrast to 

convalescent subjects who are tested after clinical resolution of the infection. 

We compared the performance of saliva and NP swabs across all groups (Figure 3). 

Our study included a total of 32 individuals that presented with respiratory symptoms. 

Remarkably, though the sample was numerically small, both assays identified the same 

15 positive individuals (making 46.9% of the total) with a concordance of 100% (Figure 

3a). In contrast, among the 971 asymptomatic subjects belonging to the different groups, 

a higher number of infections was detected in NP swabs (327) than in saliva (295), with 

81.26% concordance between the two methods (Figure 3b). Results were further compared 

in the different groups of asymptomatic subjects. Among 442 convalescents, NP testing 

revealed 276 positive cases, 38 more than those detected in saliva (235), resulting in 64.93% 

concordance with a weak kappa index (0.287). In contrast, among 193 subjects recruited 

from contact tracing, more positive cases were revealed in saliva than NP swabs (65 vs. 

56), with a strong concordance of 89.12% and a kappa index of 0.748. This result suggests 

that, while the oral fluid provides a less sensitive biological specimen than NP swabs for 

detecting viral RNA during convalescence, saliva performs at least as well as NP swabs 

during the early stages of the infection. 
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Figure 3. Concordance between SARS-CoV-2 detection in saliva samples and NP swabs in different 

groups of individuals tested. (a, b, c, d) In each panel, the heat maps show of individuals that tested 

positive and negative, and dot plots the RT-PCR cycle threshold (Ct) values of the paired nasopha-

ryngeal swabs and self-administered saliva samples. The percentage of agreements between results 

from saliva samples and NP swabs and the kappa index with 95% confidence interval (CI) is indi-

cated below the histograms, as well as the fitted curve of the linear regression in the dot plots, with 

the Pearson correlation coefficient (r), the goodness of fit (R
2
) and the 95% confidence interval (CI). 

LOD: limit of detection. (e) Ct values observed in NP swabs and saliva samples form total convales-

cent and contact tracing individuals (N+ and S+) as well as in discordant samples  (NP+ S- and NP- 

S+). Indicated are mean values and standard deviations. 

When Cts were compared in each group, values in saliva were generally 1–2 PCR cycles 

higher than in NP swabs (Figure 3e). However, Ct values from most contact tracing NP 

and saliva samples were 5–6 cycles lower than those observed in most convalescent sub-

jects (Figure 3e), indicating that both saliva and NP swabs contain a much higher viral 

load in most individuals during the initial phases after they contract the infection. Subjects 

where viral RNA was detected only in one type of specimen (NP+/S− and NP−/S+) pro-

duced, on average, high Ct values, ranging between 32–35 PCR cycles, indicating that dis-

cordance between NP swabs and saliva is mainly restricted to low viral loads. 
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4. Discussion 

To control the spread of SARS-CoV-2, the implementation of an efficient strategy to 

track the virus in the population is crucial [1]. To this end, saliva represents an ideal tool, 

given that it is easily accessible and can be self-collected with non-invasive procedures 

without involving specialised personnel. The method used to collect saliva from individ-

uals to be tested could crucially affect the efficiency of detection and the processive capac-

ity of the downstream analyses [9]. For example, some devices adopting absorbing pads 

to collect saliva require an elution step which could affect viral RNA extraction and add a 

labour-intensive step to the process. Here, we adopted a novel device which facilitates the 

self-collection of saliva, as well as high processivity in the laboratory. Excess viscosity is 

another a major issue commonly encountered when processing saliva since it interferes 

with the correct pipetting of the oral fluid. We show that the simple addition of a reducing 

agent (DTT) can effectively reduce viscosity while being compatible with the high-

throughput downstream process. Semi-automation was implemented to address the need 

of high-throughput analysis, allowing reduced human intervention while keeping the an-

alytical line flexible and compatible with reagents from different providers. Of note, the 

instrumentation adopted represents a moderate financial investment compared with fully 

automated systems currently available on the market and can be easily converted to dif-

ferent applications when SARS-CoV-2, large-scale testing is no longer required. 

In addition to testing a novel collection device and a streamlined analytical proce-

dure, our research, compared with most other studies (for a review, see [6]), involved a 

larger and more diverse cohort from the general community, with subjects who under-

went testing for different reasons. The strategy described here was applied to a realistic 

context of community screening and confirmed that it can facilitate scale-up analysis by 

favouring safe self-collection of the oral fluid. Of note, viral RNA in saliva is stable for 

several days at room temperature after collection [10,11] without the use of transport me-

dia. We, therefore, envisage a situation where the collection devices are distributed to the 

individuals requiring screening who can collect the sample at home and return it safely to 

the testing laboratory. While not included in this study, our experience confirms that the 

collection device used here also facilitates the testing of children and makes the mass 

screening at schools easier and reliable. 

The parallel examination of saliva and nasopharyngeal specimens from 1003 individ-

uals revealed discordant detection of SARS-CoV-2 in 182 subjects, a result consistent with 

most data in literature, as reported by a review that analysed 58 studies published since 

the start of the pandemic [6]. Such a level of discordance between the two tests indicates 

that no approach can diagnose the infection in 100% of cases. However, stratification with 

different groups of individuals recruited in the study revealed interesting differences in 

the efficiency of viral detection by the two tests. SARS-CoV-2 was identified with 100% 

concordance in saliva and NP swabs among symptomatic patients. A good concordance 

was also observed among asymptomatic individuals recruited for contact tracing, with a 

slightly higher number of positive samples detected in saliva than in NP swabs. In con-

trast, poorer concordance was observed in convalescent subjects with a higher number of 

SARS-CoV-2 positive samples detected in NP swabs than in saliva. Our result, therefore, 

suggests that the oral fluid is an efficient matrix for the detection of the virus during the 

early stages of the infection and in the presence of symptoms, rather than late during con-

valescence. These outcomes agree with other studies that have ascertained that, soon after 

infection, SARS-CoV-2 can be abundantly detected in saliva [4,12,13], in line with evidence 

that indicates that the epithelium associated with the salivary glands is an early site of 

virus replication [14–16]. These results also agree with another recent investigation which 

confirmed that SARS-CoV-2 is more readily detected in saliva [17]. 

The poorer diagnosis of SARS-CoV-2 in saliva of convalescent individuals parallels 

the lower viral load observed in this group, with Ct values 5–6 cycles higher than those 

observed in contact tracing samples (see Figure 3e). One possibility is that the discordance 
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between NP swabs and saliva in convalescents could reflect the lower capacity of the an-

alytical process to reveal the presence of the viral RNA in the oral fluid, which would have 

a bigger impact in samples with viral loads closer to the limit of PCR detection. Alterna-

tively, the discordance could be explained by a selectively lower amount of viral RNA in 

saliva during the convalescent phase compared to NP samples. Interestingly, it has been 

observed that the majority of NP swabs derived from clinically resolved infections, 

though positive, do not harbour virions that can be isolated in culture [18], but rather 

contain residual non-replicative RNA [19]. The lower detection in the saliva of convales-

cent subjects could, therefore, reflect the lower level of active viral replication during the 

late phase of the infection. In this case, the oral fluid could be a more selective indicator of 

the presence of infectious virus, thus, preventing convalescent subjects from undergoing 

unnecessary, long quarantine periods. Viral isolation studies from saliva and NP swabs 

are, therefore, warranted to test this hypothesis. 

Interestingly, among individuals that tested positive only in saliva, a cluster was 

characterised by a particularly high viral load (Ct ranging between 21 and 26). Failure to 

detect SARS-CoV-2 in the NP swab of individuals with such high viral load in saliva was 

not associated with a specific subgroup of subjects and likely mirrors the quality of the 

NP samples collected by the healthcare operator. This is an indication that the saliva sam-

ple is less affected by the variability associated with the collection procedure and is, there-

fore, a more reliable diagnostic sample than the NP swab. This aspect could have greater 

implications if the NP swabs are self-administered by inexperienced users. 

In conclusion, given that the droplets and aerosol created by saliva are the main viral 

transmission route [20], it is reasonable to postulate that individuals who shed a high 

amount of virus in the saliva are also the most contagious and the most crucial to identify 

in the community. By showing the efficacy and reliability of saliva testing in asympto-

matic individuals and given that saliva can be safely self-collected at home, our study 

supports the use of the oral fluid for widespread COVID-19 testing in the community. 

Incidentally, while our study was performed when the SARS-CoV-2 alpha variant was 

predominant, the omicron variant, highly transmissible and with a preferential tropism 

for the upper respiratory tract [21–24], became globally widespread at the time this article 

was written. Since omicron is more efficiently detected in saliva than in nasal swabs com-

pared to other variants [25,26], the use of the oral fluid for diagnosing active SARS-CoV-

2 infections in the population is further warranted. 

Author Contributions: Conceptualisation, V.A., A.Q., P.C., A.F. and M.P. (Massimo Pizzato); For-

mal analysis, E.D., M.R.C., G.I., G.P., P.C. and M.P. (Massimo Pizzato); Investigation, F.F., N.G., 

A.M., B.Z.P., N.R., I.C., N.V. and L.C.; Methodology, F.F., N.G., A.M., B.Z.P., N.R., I.C., N.V., V.A., 

A.H., S.B., M.P. (Michael Pancher), V.G., S.I.G., E.P., L.S., V.D.S., R.B., S.P., L.C., P.C. and M.P. (Mas-

simo Pizzato); Validation, P.C. and M.P. (Massimo Pizzato); Writing—original draft, M.P. (Massimo 

Pizzato); Writing—review and editing, all authors. All authors have read and agreed to the pub-

lished version of the manuscript. 

Funding: This research received no external funding. 

Institutional Review Board Statement: The study was conducted in accordance with the Declara-

tion of Helsinki and approved by the Ethics Committee of the Azienda Provinciale per i Servizi 

Sanitari of the autonomous province of Trento (19 March 2021). 

Informed Consent Statement: Informed consent was obtained from all subjects involved in the 

study. 

Data Availability Statement:  All data generated and analyzed in this study are included in this 

Article. Additional data are available upon request from the corresponding author. 

Acknowledgments: We would like to thank Silvia Contini and Stefania Tissot (APSP Margherita 

Grazioli) and Lucio Piffer (RSA Volano) for their precious help. 

Conflicts of Interest: The authors declare no conflict of interest. 



Viruses 2022, 14, 313 10 of 11 
 

 

References 

1. Mercer, T.R.; Salit, M. Testing at Scale during the COVID-19 Pandemic. Nat. Rev. Genet. 2021, 22, 415–426, doi:10.1038/s41576-

021-00360-w. 

2. Vandenberg, O.; Martiny, D.; Rochas, O.; Belkum, A.; van Kozlakidis, Z. Considerations for Diagnostic COVID-19 Tests. Nat. 

Rev. Microbiol. 2020, 19, 171–183, doi:10.1038/s41579-020-00461-z. 

3. Marty, F.M.; Chen, K.; Verrill, K.A. How to Obtain a Nasopharyngeal Swab Specimen. New Engl. J. Med. 2020, 382, e76, 

doi:10.1056/NEJMVCM2010260. 

4. To, K.K.-W.; Tsang, O.T.-Y.; Yip, C.C.-Y.; Chan, K.-H.; Wu, T.-C.; Chan, J.M.-C.; Leung, W.-S.; Chik, T.S.-H.; Choi, C.Y.-C.; Kan-

damby, D.H.; et al. Consistent Detection of 2019 Novel Coronavirus in Saliva. Clin. Infect. Dis. 2020, 71, 841–843, 

doi:10.1093/CID/CIAA149. 

5. Kapoor, P.; Chowdhry, A.; Kharbanda, O.P.; Popli, D.B.; Gautam, K.; Saini, V. Exploring Salivary Diagnostics in COVID-19: A 

Scoping Review and Research Suggestions. BDJ Open 2021, 7, 1–10, doi:10.1038/s41405-021-00064-7. 

6. 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, doi:10.1016/S2213-2600(21)00178-8. 

7. Warsi, I.; Khurshid, Z.; Shazam, H.; Umer, M.F.; Imran, E.; Khan, M.O.; Slowey, P.D.; Goodson, J.M. Saliva Exhibits High Sen-

sitivity and Specificity for the Detection of SARS-COV-2. Diseases 2021, 9, 38, doi:10.3390/DISEASES9020038. 

8. Atieh, M.A.; Guirguis, M.; Alsabeeha, N.H.M.; Cannon, R.D. The Diagnostic Accuracy of Saliva Testing for SARS-CoV-2: A 

Systematic Review and Meta-Analysis. Oral Dis. 2021, 00, 1–15, doi:10.1111/ODI.13934. 

9. Allicock, O.M.; Petrone, M.E.; Yolda-Carr, D.; Breban, M.; Watkins, A.E.; Rothman, J.E.; Farhadian, S.F.; Wyllie, A.L. Evaluation 

of Saliva Self-Collection Devices for SARS-CoV-2 Diagnostics 1., doi:10.1101/2021.02.01.21250946. Available at SSRN: 

https://ssrn.com/abstract=3877563 Access date 1 February 2022. 

10. Matic, N.; Stefanovic, A.; Leung, V.; Lawson, T.; Ritchie, G.; Li, L.; Champagne, S.; Romney, M.G.; Lowe, C.F. Practical Chal-

lenges to the Clinical Implementation of Saliva for SARS-CoV-2 Detection. Eur. J. Clin. Microbiol. Infect. Dis. 2021, 40, 447–450, 

doi:10.1007/s10096-020-04090-5. 

11. Ott, I.M.; Strine, M.S.; Watkins, A.E.; Boot, M.; Kalinich, C.C.; Harden, C.A.; Vogels, C.B.F.; Casanovas-Massana, A.; Moore, A.J.; 

Muenker, M.C.; et al. Stability of SARS-CoV-2 RNA in Nonsupplemented Saliva. Emerg. Infect. Dis. 2021, 27, 1146, 

doi:10.3201/eid2704.204199. 

12. Pan, Y.; Zhang, D.; Yang, P.; Poon, L.L.M.; Wang, Q. Viral Load of SARS-CoV-2 in Clinical Samples. Lancet Infect. Dis. 2020, 20, 

411–412, doi:10.1016/S1473-3099(20)30113-4. 

13. Zhu, J.; Guo, J.; Xu, Y.; Chen, X. Viral Dynamics of SARS-CoV-2 in Saliva from Infected Patients. J. Infect. 2020, 81, e48–e50, 

doi:10.1016/j.jinf.2020.06.059. 

14. Huang, C.; Wang, Y.; Li, X.; Ren, L.; Zhao, J.; Hu, Y.; Zhang, L.; Fan, G.; Xu, J.; Gu, X.; et al. Clinical Features of Patients Infected 

with 2019 Novel Coronavirus in Wuhan, China. Lancet 2020, 395, 497–506, doi:10.1016/S0140-6736(20)30183-5. 

15. Matuck, B.F.; Dolhnikoff, M.; Duarte-Neto, A.N.; Maia, G.; Gomes, S.C.; Sendyk, D.I.; Zarpellon, A.; Andrade, N.P. de; Monteiro, 

R.A.; Pinho, J.R.R.; et al. Salivary Glands Are a Target for SARS-CoV-2: A Source for Saliva Contamination. J. Pathol. 2021, 254, 

239–243, doi:10.1002/PATH.5679. 

16. Pascolo, L.; Zupin, L.; Melato, M.; Tricarico, P.M.; Crovella, S. TMPRSS2 and ACE2 Coexpression in SARS-CoV-2 Salivary 

Glands Infection. J. Dent. Res. 2020, 99, 1120–1121, doi:10.1177/0022034520933589. 

17. Teo, A.K.J.; Choudhury, Y.; Tan, I.B.; Cher, C.Y.; Chew, S.H.; Wan, Z.Y.; Cheng, L.T.E.; Oon, L.L.E.; Tan, M.H.; Chan, K.S.; et al. 

Saliva Is More Sensitive than Nasopharyngeal or Nasal Swabs for Diagnosis of Asymptomatic and Mild COVID-19 Infection. 

Sci. Rep. 2021, 11, 1–8, doi:10.1038/s41598-021-82787-z. 

18. Lu, J.; Peng, J.; Xiong, Q.; Liu, Z.; Lin, H.; Tan, X.; Kang, M.; Yuan, R.; Zeng, L.; Zhou, P.; et al. Clinical, Immunological and 

Virological Characterization of COVID-19 Patients That Test Re-Positive for SARS-CoV-2 by RT-PCR. EBioMedicine 2020, 59, 

102960, doi:10.1016/J.EBIOM.2020.102960/ATTACHMENT/FE47A863-03AA-4C69-8DB7-A550D701E103/MMC2.XLSX. 

19. Piralla, A.; Ricchi, M.; Cusi, M.G.; Prati, P.; Vicari, N.; Scarsi, G.; Gandolfo, C.; Anichini, G.; Terrosi, C.; Percivalle, E.; et al. 

Residual SARS-CoV-2 RNA in Nasal Swabs of Convalescent COVID-19 Patients: Is Prolonged Quarantine Always Justified? 

Int. J. Infect. Dis. 2021, 102, 299–302, doi:10.1016/J.IJID.2020.10.072. 

20. Zhou, L.; Ayeh, S.K.; Chidambaram, V.; Karakousis, P.C. Modes of Transmission of SARS-CoV-2 and Evidence for Preventive 

Behavioral Interventions. BMC Infect. Dis. 2021, 21, 1–9, doi:10.1186/S12879-021-06222-4. 

21. Halfmann, P.; Iida, S.; Iwatsuki-Horimoto, K.; Maemura, T.; Kiso, M.; Scheaffer, S. M.; Darling, T.; Joshi, A.; Loeber, S.; Singh 

G.; et al. The SARS-CoV-2 B.1.1.529 Omicron Virus Causes Attenuated Infection and Disease in Mice and Hamsters. Nature 

2022. https://doi.org/10.1038/s41586-022-04441-6 Available online: https://www.nature.com/articles/s41586-022-04441-6#citeas 

Accessed on 1 February 2022. 

22. McMahan, K.; Giffin, V.; Tostanoski, L.H.; Chung, B.; Siamatu, M.; Suthar, M.S.; Halfmann, P.; Kawaoka, Y.; Piedra-Mora, C.; 

Martinot, A.J.; et al. Reduced Pathogenicity of the SARS-CoV-2 Omicron Variant in Hamsters. bioRxiv 2022, 

https://doi.org/10.1101/2022.01.02.474743. 

https://doi.org/10.1038/s41586-022-04441-6
https://www.nature.com/articles/s41586-022-04441-6#citeas


Viruses 2022, 14, 313 11 of 11 
 

 

23. Bentley, E.G.; Kirby, A.; Sharma, P.; Kipar, A.; Mega, D.F.; Bramwell, C.; Penrice-Randal, R.; Prince, T.; Brown, J.C.; Zhou, J.; et 

al. c. bioRxiv 2021, https://doi.org/10.1101/2021.12.26.474085. 

24. Peacock, T.P.; Brown, J.C.; Zhou, J.; Thakur, N.; Newman, J.; Kugathasan, R.; Sukhova, K.; Kaforou, M.; Bailey, D.; Barclay, W.S. 

The SARS-CoV-2 Variant, Omicron, Shows Rapid Replication in Human Primary Nasal Epithelial Cultures and Efficiently Uses 

the Endosomal Route of Entry. BioRxiv 2022, 2021–12, https://doi.org/10.1101/2021.12.31.474653. 

25. Marais, G.; Hsiao, N.; Iranzadeh, A.; Doolabh, D.; Enoch, A.; Chu, C.; Williamson, C.; Brink, A.; Hardie, D. Saliva Swabs Are 

the Preferred Sample for Omicron Detection. medRxiv 2021, https://doi.org/10.1101/2021.12.22.21268246. 

26. Schrom, J.; Marquez, C.; Pilarowski, G.; Wang, G.; Mitchell, A.; Puccinelli, R.; Black, D.; Rojas, S.; Ribeiro, S.; Martinez, J.; et al. 

Direct Comparison of SARS-CoV-2 Nasal RT-PCR and Rapid Antigen Test (BinaxNOWTM) at a Community Testing Site During 

an Omicron Surge. medRxiv 2022, https://doi.org/10.1101/2022.01.08.22268954. 


