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1. INTRODUCTION
Coronavirus disease 2019 (COVID-19), a respiratory dis-
ease that first appeared in China, has spread globally to >200 
countries, resulting in over 2.97 million confirmed patients 
and 206 000 deaths as of April 27, 2020.1 Since its outbreak 
last year, research groups used whole genome/RNA sequenc-
ing and identified viral cause of COVID-19, which possesses 
genetic sequence with ~80% similarity to the genome of the 
severe acute respiratory syndrome virus coronavirus 2 (SARS-
CoV).2–4 The novel coronavirus was hence named SARS-CoV-2. 
Currently, the most likely transmission route is direct contact 
and/or air droplet spread,5,6 which is backed up by the find-
ings that SARS-CoV-2 can be isolated in aerosol (<5 µm) for 

at least up to 3 hours.7 Unfortunately, US Food and Drug 
Administration (FDA) has yet approved any vaccines or thera-
peutics in clinical use for SARS-CoV-2, and most countries that 
successfully limit the spread of COVID-19, including Taiwan, 
primarily rely on rapid case screening, identification, quaran-
tine, and contact tracing. As the symptomatic signs (44%-89% 
fever, 68% cough, 38% fatigue, 34% sputum production, and 
19% short of breath) and computed tomographic scans are 
non-specific,8 molecular techniques become the gold standard 
for COVID-19 diagnosis.1

2. CURRENT FIRST-LINE DIAGNOSTIC TEST  
FOR COVID-19 
The reverse transcription polymerase chain reaction (RT-PCR) 
to detect SARS-CoV-2 is thus far the primary method for diag-
nosis of COVID-19.1 The clinical specimens for RT-PCR can be 
obtained from upper respiratory tract by nasopharyngeal swabs, 
washes, aspirates, or oropharyngeal swabs, or from lower respir-
atory tract by sputum collection, bronchoalveolar lavage (BAL), 
or tracheal aspirates. The specific region serving as the targets 
for the PCR include the RdRP (RNA-dependent RNA polymer-
ase) gene, the E (envelop protein) gene, or the N (nucleocapsid) 
gene.9,10 Meanwhile, the serology tests that examine the produc-
tion of specific IgM and IgG antibodies against SARS-CoV-2 in 
response to infection is also useful for surveillance and of value 
to complement certain limitations of PCR as a sole diagnostic 
tool. According to US FDA, the SARS-CoV-2 antibodies can 
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Abstract: As of April 15, 2020, the US Food and Drug Administration has granted emergency use authorization to a first 
saliva test for diagnosis of severe acute respiratory syndrome coronavirus 2 infection, the device developed by RUCDR Infinite 
Biologics laboratory, Rutgers University. A key feature that distinguishes the saliva-based test from nasopharyngeal or oropharyn-
geal (throat) swabs is that this kit allows self-collection and can spare healthcare professionals to be at risk during collecting 
nasopharyngeal or oropharyngeal samples, thereby preserving personal protective equipment for use in patient care rather than 
sampling and testing. Consequently, broader testing than the current methods of nasal or throat swabs will significantly increase 
the number of people screening, leading to more effective control of the spread of COVID-19. Nonetheless, a comparison of 
saliva-based assay with current swab test is needed to understand what and how we can benefit from this newly developed assay. 
Therefore, in this mini-review article, we aimed to summarize the current and emerging tools, focusing on diagnostic power of dif-
ferent clinical sampling and specimens.
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be detected several days after initial infection and can still be 
detectable afterward, thus providing a long period of window 
for indirectly detecting SARS-CoV-2 for both active and recent 
past infections.11 However, as serological assays are currently in 
development and several challenges remain (such as the cross-
reactivity with other virus, as well as the undetermined kinetics 
of immune response), the RT-PCR still play a pivotal role in the 
identification of SARS-CoV-2 infection.

3. CLINICALLY RELEVANT ISSUES OF COVID-19 
TESTING
Just like the concerns from public health experts for any of the 
pandemic, two issues of diagnostic testing worth further con-
sideration. In addition to the criteria of who needs to be tested, 
an important issue relates to the diagnostics itself. Specifically, 
for RT-PCR, while a positive test result certainly identifies the 
presence of virus, a negative result may not necessarily rule 
out SARS-CoV-2 infection. The potential false-negative result 
could be caused by low virus loads, improper sampling sites and 
timings, poor technique, and even mutations of viral genome. 
About the clinical sampling, the US Centers for Disease Control 
and Prevention (CDC) guideline recommends collecting upper 
respiratory specimen for asymptomatic patients. For patients 
who develop a productive cough, sputum can be used for SARS-
CoV-2 testing, although the induction of sputum is not recom-
mended. However, nasopharyngeal swab sampling is technically 
challenging, requires healthcare professionals, and may impose 
risk for aerosol generation. These drawbacks thus necessitate 
the implementation of additional diagnostic approach.

4. DESCRIPTION AND PRINCIPLE OF SALIVA-
BASED COVID-19 TESTING
The newly approved saliva-based COVID-19 testing kit is built 
on the existing TaqPath SARS-CoV Assay, developed by the 
Rutgers Clinical Genomics Laboratory, to qualitatively iden-
tify RNA from virus. This assay employs primers and probes 
validated by the emergency use authorization (EUA) for respira-
tory, nasopharyngeal, and oropharyngeal specimens. To enable 
testing saliva specimen, the collection protocols and nucleic 
acid extraction buffers are modified. Saliva specimens can be 
transported and stored at ambient temperature but have to be 
processed within 48 hours of collection. The recommended sys-
tem for RNA extraction is the PerkinElmer Chemagic 360 with 
Chemagic Viral DNA/RNA 300 Kit H96. The RT-PCR can be 
performed using Applied Biosystems TaqPath Combo Kit on the 
ThermoFisher Applied Biosystems QuantStudio 5 Real-Time 
PCR System or the Applied Biosystems ViiA7 Real-Time PCR 
System. The logistics and details can be found at https://www.
fda.gov/media/136875/download.

5. COMPARISON OF DIFFERENT TYPES OF 
CLINICAL SAMPLES AND SPECIMENS FOR SARS-
COV-2 DETECTION
As mentioned previously, an accurate identification of respira-
tory viruses is critically affected by the source of clinical speci-
mens. While several studies on up to 15 common respiratory 
viruses suggest that the use of nasopharyngeal swabs provides 
a higher sensitivity than that of nasopharyngeal washings or 
oropharyngeal swabs,12,13 this is not necessarily the case for 
SARS-CoV-2, as the infectivity and the predilection for trans-
mission may differ significantly between viruses. In addition, 
even if a given type of clinical specimen offers a relatively higher 
accuracy in diagnosis, it remains an open question whether the 

technique-demanding test is the most needed during a pandemic 
with global shortage of medical supplies as of today.

Currently, the available data comparing the sensitivity for 
SARS-CoV-2 detection using nasal, pharyngeal, or oral swab 
are very limited. One study from a Chinese group examined 
213 hospitalized SARS-CoV-2 patients with a total of 205 
oropharyngeal and 490 nasopharyngeal swabs at various time 
points of disease course. They found that nasopharyngeal 
swabs have overall higher positive rates (53.6%-73.3%) than 
oropharyngeal (throat) swabs (11.1%-61.3%), regardless of 
whether the patients were in mild or severe disease conditions. 
Notably, this study showed highest positive rate using sputum 
specimens, which is generally regarded as a type of lower res-
piratory tract sample.14 Separately, a study examining the sen-
sitivity of SARS-CoV-2 detection with different clinical samples 
from 205 patients in China showed that BAL fluid has highest 
positive rate (93%), followed by sputum (72%), nasal swabs 
(63%), brush biopsy (46%), and pharyngeal swabs (32%).15 
In contrast to the findings from these studies, another study 
examining nine hospitalized COVID-19 patients in Germany 
showed that there are no discernible differences in virus loads 
or positive rates between nasopharyngeal versus oropharyngeal 
swabs, with an overall detection rate of 45.95% being reported, 
although the numbers of nasopharyngeal and oropharyngeal 
swabs taken were not described. Notably, this study found that 
only two among nine patients have higher virus load (>3 in 
threshold cycle [Ct] value) in sputum samples than swabs, thus 
leading to the conclusion that simple throat swabs will provide 
sufficient sensitivity for screening.16

In addition to nasopharyngeal and oropharyngeal swabs, a 
few groups also examined the potential of saliva as the clini-
cal specimen for SARS-CoV-2 detection. In this regard, a study 
of 12 patients confirmed by PCR-detection of virus RNA using 
nasopharyngeal or sputum specimens found that the coughed-
out saliva from 11 patients were positive for SARS-CoV-2.17 
Importantly, virus RNA was not detected in saliva samples col-
lected from another 33 patients whose nasopharyngeal speci-
mens were tested negative for SARS-CoV-2. Consistent results 
were obtained by the same group examining a different set 
of patients, showing that SARS-CoV-2 was detectable in self-
collected saliva of 20 of 23 confirmed patients.17 These studies 
revealed that salivary virus loads corresponded to the severity 
of disease and declined after treatment, although the differ-
ences were not statistically significant possibly because of the 
small sample size. Similar to those studies with nasal or throat 
samples, these reports showed that the SARS-CoV-2 can still be 
detected in saliva among a third of patients 20 days or longer 
after initial diagnosis, thus supporting the idea that saliva may 
represent as an appropriate specimen for screening patients ever 
with SARS-CoV-2 infection.

Another approach to collect saliva sample is mediated by oral 
swabs, which is easily applicable even for non-professional indi-
viduals. In two studies examining saliva sample collected by oral 
swabs, 15 out of 39 (50%) and 25 out of 25 (100%) patients were 
tested SARS-CoV-2 positive, respectively.18,19 Although it remains 
premature to reach any conclusion, these studies indeed imply that 
the saliva, either collected by coughing out or oral swabs, is a legit-
imate clinical specimen for SARS-CoV-2 detection.

6. SALIVA PROVEN TO BE A VALUABLE CLINICAL 
SPECIMEN FOR DETECTION OF SARS-COV: 
LESSONS FROM 17 YEARS AGO
As both of the COVID-19 and SARS are caused by coronaviruses 
and can be transmitted through respiratory droplets, the studies 
on SARS-CoV may provide a hint as we continue to navigate 
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and unravel COVID-19. Concerning the value of saliva as the 
clinical specimen for coronavirus detection, a study of 17 SARS 
cases in Taiwan showed that a substantial amount of SARS-CoV 
RNA were detected in saliva (7.1 x 103 to 6.4 x 108 copies/mL) 
and throat wash (9.6  x  102 to 5.9  x  106 copies/mL) from all 
patients. Importantly, the highest detection rate of saliva/throat 
wash samples appeared as early as 4 days after disease onset, 
thus implying that these clinical specimens can be used for virus 
detection.20 Another previous study examined the SARS-CoV 
loads in different clinical samples and found that the virus RNA 
could be detected in saliva (5.2 x 102 copies/mL), although its 
level was relatively lower than that in throat swabs (5.5 x 102 
copies/mL), sputum (1.2  x  106 copies/mL), and endotracheal 
aspirates (2.8 x 106 copies/mL).21 It is noted that the amounts 
of SARS-CoV virus RNA detected in these two studies differ by 
a significant amount, which can be possibly associated with the 
timing of sampling: The samples in the first study were taken 
between day 2 and day 9, whereas the samples in the second 
study were taken after a median duration of 12 days (2 to 54 
days) after the onset of symptoms. Indeed, the observation that 
SARS-CoV and other coronavirus peaks at around 10 days 
after onset of disease was commonly shared between studies of 
various clinical samples.22–24 Collectively, saliva is of potential 
diagnostic value for and should play a role in detection of SARS-
CoV-2 infection.

7. GENERAL CONSIDERATION TO USE SALIVA AS A 
DIAGNOSTIC FLUID FOR VIRUS DETECTION
Since saliva is easily collected and clinically informative for dis-
ease detection, the consideration that maximizes the benefit of 
using saliva as a diagnostic fluid deserves more attention. Thus 
far, the approach and protocol for collection of saliva sample 
has yet officially standardized; however, it is likely that the diag-
nostic value of saliva is closely related to how saliva sample is 
obtained. This concept is supported by a study examining saliva 
specimen collected directly from the opening of salivary glands 
of 31 confirmed cases, showing that only four patients (12.9%) 
were tested positive for SARS-CoV-2 detection,25 which is sig-
nificantly lower than the positive rate derived from examina-
tion of coughed-out saliva. It is possible that the advantage of 
using the spit saliva is partly attributed to the potential avail-
ability for multiple targets, such as desquamated oropharyngeal 
mucous epithelial cells and respiratory secretions with shedding 
viruses. This concept is supported by a previous study, which 
found replicating SARS-CoV in the cells collected by throat 
wash from SARS patients. This characteristic of benefit stands 
for the sputum and saliva. Indeed, it has been estimated that the 
SARS-CoV-2 load of sputum is 106 to 1011 particles/mL, whereas 
the virus load of saliva is 108 to 109 particles/mL;26–28 however, 
unlike the sputum comprising a large amount of mucus that 
hampers RNA extraction, saliva (~70% to 90% water) is sup-
posed to give at least a comparable load of viral RNA. As to the 
sampling protocols, a 0.5-hour or up to overnight fasting before 
saliva collection has been shown in multiple studies to increase 
the concentration of RNA.29–32 It is also recommended to have 
the subject rinse their mouth with water but not disinfectant 
mouthwash. The same guidelines should be used for both of the 
spitting/coughing out and oral swab approaches.

In conclusion, the diagnostic testing is crucial for control-
ling the COVID-19 pandemic. Any implementation of clinical 
sampling for diagnosis should take into considerations of the 
sensitivity of assays, risks to healthcare professionals, and global 
shortage of equipment. Many studies showed that sputum is 
superior to nasopharyngeal swabs in detection of SARS-CoV-2 
infection. However, while the virus is often reliably detected 
in sputum, this clinical specimen is not always obtainable for 

patients without productive coughs and induction of cough may 
even enhance the spread of virus. On the other hand, several 
preliminary reports showed that the viral load in saliva is com-
parable with that in sputum. Moreover, the collection of saliva is 
minimally invasive and can be self-administrated. Accordingly, 
the saliva-based SARS-CoV-2 diagnostics seems to be poten-
tially promising and appealing. Notably, this is a rapidly mov-
ing research topic and the current evidence is not peer-reviewed 
and, therefore, is still far from leading to a solid conclusion. 
Nevertheless, it is reasonable to incorporate the saliva-based 
SARS-CoV-2 assay into a part of multiple lines of diagnostics, 
which believably may further facilitate the identification of 
COVID-19 patients.
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