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The SARS-COV-2 pandemic has had severe world-wide consequences on human and economic health. Rapid
diagnosis is critical to prevent transmission. This study evaluates two fully integrated sample processing
platforms for SARS-COV-2 detection in saliva. The Xpert® Xpress CoV-2/Flu/RSV plus cartridge is used on
the laboratory-based Cepheid® platform, while the XCEL™ Respiratory ISP cartridge is used on the portable
Franklin® ISP system. SARS-COV-2 patient research saliva samples (150 negative; 124 positive) were
collected the same day as the nasal swab sample for the official CLIA test allowing for direct comparison.
The limit of detection in saliva for the Cepheid® cartridge was 8400 copies/mL, while the Franklin®
ISP cartridge was over 42,000 copies/mL. The Cepheid® cartridge exhibited sensitivity/specificity of
56.56%/98.11%, while the Franklin® ISP system was 28.72%/94.56%. While both systems had high
specificity for SARS-COV-2 detection in saliva, the sensitivity was low, thus requiring further refinement of

the systems for saliva detection.
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Introduction

Severe acute respiratory syndrome coronavirus 2 (SARS-COV-2)
began in China in late 2019. Since then, it has spread to other coun-
tries creating a world-wide pandemic with multiple variants. Symp-
toms can range from asymptomatic, to severe symptoms with hospi-
talization including ventilation and death [1-3]. Diagnostic kits have
quickly arisen to address the SARS-COV-2 pandemic. These Kkits in-
clude systems such as real-time polymerase chain reaction (RT-PCR),
isothermal based PCR and lateral flow strips for IgG/IgM antibody de-
tection [4-6]. While nasopharyngeal swabs have predominantly been
the gold standard for sample collection and testing using RT-PCR for
SARS-COV-2, the collection procedure requires specialized training
and can be painful for the patient [7,8]. Further, due to the special-
ized training to collect the nasopharyngeal swab samples, possible
SARS-COV-2 infected patients have to come to patient waiting rooms
in emergency clinics and hospitals to give their samples, which can

lead to further infection transmission to hospital providers and other
patients.

Anterior nasal swabs do not require specialized training to collect,
but the patients do have to ensure they are adequately swabbing their
nose to ensure the virus, if present, is collected to avoid a false nega-
tive test. Saliva however, is a simple specimen source that requires no
training to collect nor concern for adequate swabbing by the patient,
and is non-invasive. In the civilian setting, because no training is re-
quired to collect saliva, this sample source could be collected at home
and then dropped off at a drive-thru for actual testing. Importantly,
studies have validated that SARS-COV-2 is detectable in saliva [9-14].

One portable RT-PCR system that could be of use in different envi-
ronments where space is limited such as drive-thru testing facilities,
are the Franklin® RT-PCR systems (Biomeme, Philadelphia, PA). These
RT-PCR systems are small, ruggedized, lightweight systems that pro-
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vide results via Bluetooth through a smartphone and can run up to 27
targets per run. Our lab has previously worked with the Franklin® RT-
PCR system which utilizes RT-PCR test strips. However, the device and
RT-PCR kits require a separate step and separate device for RNA iso-
lation. The system was found though to be effective for SARS-COV-2
detection [15]. However, a more recent system has been developed
which is a fully integrated sample processing (ISP) and detection sys-
tem (Franklin®ISP) with an internal battery wherein RNA isolation,
conversion to cDNA amplification and detection are all automated and
take place within the same cartridge. In combination with saliva as a
sample source, this ISP system could provide an ideal SARS-COV-2 de-
tection system for use in drive-thru testing facilities, and other envi-
ronments where space and power is limited. In this study, we evaluate
and compare the sensitivity and specificity of SARS-COV-2 in saliva of
the Franklin® ISP systems with the XCEL™ Respiratory ISP cartridge,
to the FDA approved Cepheid® ISP systems with Xpert® Xpress CoV-2/
Flu/RSV plus cartridge.

Materials & Methods
Clinical Samples

This study was approved under the 59* Medical Wing Institu-
tional Review Board protocol FWH2020087N. Saliva samples (n=150
SARS-COV-2 negative; n=124 SARS-COV-2 positive) were commercial-
ly purchased from the company iSpecimen (Lexington, MA). Samples
were collected on the same day as the clinical nasal swab collected
by hospital staff for the official SARS-COV-2 diagnosis at the CLIA lab
using the QIAstat-Dx Respiratory SARS-CoV-2 Panel (Redwood City,
CA) which served as the Gold Standard. Saliva samples were collect-
ed using the Saletto™ Oral Fluid Collection device (Porex Life Science
Institute, Fairburn GA) according to manufacturer instructions in a
volume of 1mL per patient. Saliva samples from each patient were fro-
zen down in liquid nitrogen in cryotubes and shipped to our research
facility. Once received, samples were aliquoted into Eppendorf tubes
for two different PCR systems being evaluated: the FDA approved
Xpert® Xpress CoV-2/Flu/RSV plus on the Cepheid® GeneXpert®
Xpress system (Cepheid®, Sunnyvale, CA), and the XCEL™ Respiratory
ISP Cartridges on the Franklin® ISP system (Biomeme, Philadelphia,
PA). Patient Demographics are described in Table 1.

Table 1: Patient Demographics. Shown in the table are the patient
factors including gender, ethnicity, symptoms present at time of test-
ing, and days between the suspected exposure and actual testing.
Many of the patients had more than one symptom at a time.

Demographics | SARS-COV-2 Positive | SARS-COV-2 Negative
(n=124) (n=150)
Male 54 58
Female 70 0
Age 40.71 (18-76) 44.38 (18-73)

Hispanic (122) Hispanic (143)

Ethnicity Caucasian (2) Caucasian (4)
African-American (0) African-American (3)
Cough (70) Cough (73)
Fatigue (73) Fatigue (61)
Shortness of Breath (4) Shortness of Breath (6)
Diarrhea (2) Diarrhea (7)
Symptoms Loss of taste (11) Loss of taste (3)
Loss of smell (2) Loss of smell (2)
Fever (2) Fever (0)

Headache (7)
Sore throat (11)

Headache (11)
Sore throat (8)

Asymptomatic (2) Asymptomatic (33)

Days between
suspected expo-
sure and testing

3.78 days (0-6 days) 3.32 days (0-6 days)

Limit of Detection Studies

Limit of detection (LoD) studies were performed with saliva sam-
ples for both systems. Serial dilutions of Heat Inactivated 2019 Novel
Coronavirus (ATCC® VR-1986HK™; Manassas, VA) were prepared in
RNase-free water from a stock concentration of 4.2 x 108 genome cop-
ies/mL. Briefly, 50 SARS-COV-2 negative saliva samples were pooled
and then diluted 1:1 into DNA/RNA Preservation Buffer (Biomeme,
Philadelphia, PA) for the XCEL™ Respiratory ISP Cartridges. Samples
tested on the Xpert® Xpress CoV-2/Flu/RSV plus cartridges did not
require a dilution. The concentrations tested for the LoD studies in-
cluded 42,000 copies/mL, 8,400 copies/mL, 1,680 copies/mL, 336
copies/mlL, 67.2 copies/mL at n=6 replicates per concentration. Sam-
ples were run on both systems according to manufacturer instruc-
tions using 300ul of sample for the Xpert® Xpress CoV-2/Flu/RSV plus
cartridges, and 400ul of sample/preservation buffer for the XCEL™
Respiratory ISP Cartridges.

System Comparison Studies

To compare the two systems for sensitivity/specificity for saliva,
150 SARS-COV-2 negative saliva samples and 124 SARS-COV-2 posi-
tive saliva samples (based on the result of the official CLIA test) were
evaluated on both systems according to manufacturer instructions
using 300ul of sample for the Xpert® Xpress CoV-2/Flu/RSV plus car-
tridges, and 200ul of sample for the XCEL™ Respiratory ISP Cartridges
plus 200ul of DNA/RNA preservation buffer.

Statistical Analysis

For the LoD studies, the LoD was determined to be the lowest con-
centration where 100% of all samples tested positive. Statistical anal-
yses were performed using Graphpad prism software (Boston, MA).
Sensitivity and specificity for each system was determined based on
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the results of the Gold Standard (CLIA test result). For comparative
analyses between systems, we used Cohen’s kappa statistics to esti-
mate agreement and test the null hypothesis that agreement was ran-
dom (i.e., kappa statistic equals zero). Values that are < 0 suggest no
agreement, 0.01-0.20 as none to slight agreement, 0.21-0.40 as fair
agreement, 0.41- 0.60 as moderate agreement, 0.61-0.80 as substan-
tial agreement, and 0.81-1.00 as almost perfect agreement [16]. It
should be noted that these interpretations of agreement are subjec-
tive, but for the purpose of this study, these are the interpretations
being utilized. McNemar’s chi-square test was used to test the null hy-
pothesis that the systems are equivalent in regards to sensitivity and
specificity (p<0.05). To correlate sensitivity of each system to number
of days between suspected onset of SARS-COV-2 and the CLIA test
sample/research saliva sample collection, the percent positive sam-
ples was determined for each system for CLIA positive samples only
for number of days from suspected onset of disease to sample collec-
tion date to include 0 days, 1 day, 2 day, 3 days, 4 days, 5 days, 6 days.

Results
Patient Demographics

In this study, we compared the performance of two fully inte-
grated sample processing RT-PCR systems using saliva as the sam-
ple source. Table 1 displays the results of the patient demographics.
The number of females in both groups were slightly higher than the
number of males. Hispanic ethnicity was the overwhelming majority
for both groups. The average age for both groups was similar with
40 years old being the average age in the SARS-COV-2 positive group,
and 44 years old being the average age in the SARS-COV-2 negative
group. Symptoms were varied in both groups. The only symptom that
was present in the SARS-COV-2 positive group that was not present
in the SARS-COV-2 negative group was a fever (n=2 patients). Cough
and fatigue made up the majority of symptoms with most patients
presenting with at least those two symptoms. Interestingly, neurosen-
sory symptoms such as loss of taste and smell, were present in both
groups.

Limit of Detection

The Limit of Detection (LoD) in saliva was next assessed in both
the systems by spiking inactivated whole SARS-COV-2 pathogen into
negative saliva samples at five-fold dilutions from 42,000 genomic
copies/mL to 67.2 genomic copies/mL. The Cepheid® GeneXpert®
Xpress system demonstrated the greatest sensitivity in saliva com-
pared to the Franklin® ISP system with an LoD of 8,400 genomic cop-
ies/mL (100% detection of all replicates). At concentrations lower
than 8,400 genomic copies/mL, it quickly lost sensitivity, with only
about 16% detection at 1,680 genomic copies/mL and no detection
at concentrations lower than that (Table 2). The LoD of the Franklin®
ISP system in saliva was higher than 42,000 genomic copies/mL, as
only 84% detection occurred at 42,000 genomic copies/mL. The sen-
sitivity of the system quickly dropped with 33% detection at 8,400
genomic copies/mL and 16 % detection at 1,680 genomic copies/mL
(Table 2).

Table 2: Limit of Detection (LoD) Experiments. Inactivated SARS-
COV-2 whole pathogen was diluted in saline to the genomic copies/
mL shown in the Table. Six replicates were done per concentration.
Shown in the Table is the number of replicates for each concentration
that tested positive. The LoD was the lowest concentration where all
six replicates were positive.

Concentration Cepheéligt@e gzg;icates Frank(lii:ti c(::g)licates
42,000 copies/mL 6/6 5/6
8,400 copies/mL 6/6 2/6
1,680 copies/mL 1/6 1/6
336 copies/mL 0/6 0/6
67.2 copies/mL 0/6 0/6

Performance With Respect to Sensitivity/Specificity and
Agreement in Saliva

The sensitivity and specificity of each system in saliva was com-
pared. For this experiment, the patient saliva samples were collected
at the same time as the nasal swab that was collected for the official
SARS-COV-2 CLIA Diagnostic Test. This allowed for a direct compar-
ison to the Gold Standard to determine sensitivity and specificity in
saliva of these two systems. Table 3 summarizes sensitivity, speci-
ficity and Cohen’s Kappa between each of the systems and the Gold
Standard. The Cepheid® GeneXpert® Xpress system demonstrated
higher sensitivity than the Franklin® ISP system (56.56% vs 28.72%
for both systems), while the Franklin® ISP system performed slight-
ly better than the Cepheid® GeneXpert® Xpress system for specificity
(98.11% vs 94.56% for both systems). The overall agreement of the
two systems with the SARS-COV-2 CLIA test result was determined by
Cohen’s Kappa. As shown in Table 3, The Cepheid® GeneXpert® Xpress
system exhibited moderate agreement with the result of the SARS-
COV-2 CLIA Test result at a Cohen’s Kappa of 0.528 (95% Confidence
interval 0.43-0.625). The Franklin® ISP system did not have as high an
agreement demonstrating fair agreement with the SARS-COV-2 CLIA
Test result with a Cohen’s Kappa of 0.279 (95% Confidence Interval
0.179-0.380).

Table 3: Sensitivity and Specificity of Cepheid® and Biomeme Frank-
lin® Systems Compared to Gold Standard. The Gold Standard in this
study is the nasal swab that was taken for the official CLIA Diagnos-
tic Test by hospital staff. The research saliva samples were taken the
exact same day to allow for direct comparison to the Gold Standard.
Shown in the Table is the sensitivity, specificity and Cohen’s Kappa of
the Cepheid® and Biomeme Franklin® systems compared to the Gold
Standard.
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Next, the two systems were compared directly to each other with
regards to sensitivity in saliva. As shown in Table 4, Cohen’s Kappa
of 0.493 suggested moderate agreement between the two systems
for SARS-COV-2 detection in saliva (95% Confidence interval 0.365-
0.622). However, the result of the McNemar Test showed a significant
difference in sensitivity between the two systems (p<0.0001; 95%
Confidence Interval 0.001-0.165).

Table 4: Degree of Agreement between the Cepheid® and Biomeme
Franklin® Systems. The two systems were compared to determine
how much they agreed with each other on the test results. Cohen’s
Kappa was used to determine the degree of agreement between the
two systems, and the McNemar Test was utilized to determine if there
was a significant difference in the sensitivity/specificity of the two
systems or not.

: . McNemar .
Platforms Cohen’s Confidence Test Confidence
Kappa Intervals Intervals
P-value
Cepheid®
vs Frank- 0.493 0.365-0.622 <0.0001 0.001-0.165
lin®

Relationship Between Sensitivity of Each System and Days
Between Suspected Onset of Disease and Date of Sample
Collection for CLIA and Research Tests

The last parameter evaluated was how the sensitivity of the two
systems changed with respect to the number of days that passed be-
tween suspected exposure to SARS-COV-2 and when the actual saliva
sample was collected. As shown in Figure 1, the Cepheid® GeneXpert®
Xpress system demonstrated higher sensitivity than the Franklin® ISP
system over the course of 0-5 days that passed between suspected
exposure to SARS-COV-2 and the day of saliva collection. Only for six
days that passed between suspected exposure and saliva collection
did both systems show equal sensitivity. However, care should be
taken with this data in regards to number of replicates. As noted in
the Figure 1 legend, out of our total patient population of samples for
this study, only one patient had 0 days pass between suspected ex-
posure and saliva collection, two patients had one day pass between
suspected exposure and saliva collection, two patients had two days
pass between suspected exposure and saliva collection, 23 patients
had three days pass between suspected exposure and saliva collec-
tion, 50 patients had four days pass between suspected exposure and
saliva collection, 13 patients had five days pass between suspected
exposure and saliva collection, and only one patient had six days pass
between suspected exposure and saliva collection. So out of the to-
tal number of days, only three, four and five days between suspected
exposure and saliva collection had more than 10 patients to analyze.

Sensitivity with Regards to Saliva Collection and Days Past Since
Suspected Disease Exposure

-o- SARS-CQV-2 Cepheid®

SARS-COV-2 Biomeme
Franklin®

150+
£ 100+
D
o
o
2 504
0 1 I 1
0 2 4 6 8

Days Lapsed between Suspected Exposure and Saliva Collection

Figure 1: Sensitivity of Cepheid® and Biomeme Franklin® Systems with Regards to Days Lapsed between Disease Exposure and Saliva
Collection. Shown in the Figure is the % Sensitivity of the Cepheid® and Biomeme Franklin® systems in samples that were SARS-COV-2 Positive
as determined by the CLIA test, separated out by days lapsed between suspected disease exposure and the date the CLIA test sample and research
saliva sample was taken. The y-axis shows the percentage of CLIA verified SARS-COV-2 positive samples that the Cepheid® or Biomeme Franklin®
system also detected as positive. The x-axis shows the number of days that elapsed between exposure and test/research sample collection date.
For number of replicate samples per day, N=1 for 0 days, N=2 for 1 day, N=2 for 2 days, N=23 for 3 days, N=50 for 4 days, N=13 for 5 days, N=1
for 6 days.
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Discussion

The purpose of this study was to evaluate and compare the sen-
sitivity and specificity of the Xpert® Xpress CoV-2/Flu/RSV plus car-
tridges on the Cepheid® GeneXpert® system, and the XCEL™ Respira-
tory ISP cartridges on the Biomeme Franklin® ISP system in saliva.
Overall, it was found that both systems exhibited high specificity for
SARS-COV-2 detection in saliva. However, the Xpert® Xpress CoV-2/
Flu/RSV plus cartridges on the Cepheid® GeneXpert® system outper-
formed the XCEL™ Respiratory ISP cartridges on the Biomeme Frank-
lin® ISP system in saliva, although the sensitivity of the Cepheid®
system in saliva for SARS-COV-2 detection was not very high (~56%)
compared to the SARS-COV-2 CLIA test result with nasal swabs (Gold
Standard). Previous studies have found saliva to be a promising sam-
ple source for SARS-COV-2 detection. For example, one meta-analy-
sis comparing multiple studies found sensitivity in saliva to be about
88% compared to nasopharyngeal swabs [17]. Another recent study
comparing saliva samples to anterior nasal and nasopharyngeal swab
samples found saliva to be more sensitive than anterior nasal swabs
(94.6 vs 82.6%) for the omicron variant [18].

An additional study compared saliva and midturbinate samples
for SARS-COV-2 and found similar sensitivity, although saliva was
more sensitive within the first few days of disease (19). Similarly, a
study comparing nasal swabs to saliva for RT-PCR and digital droplet
PCR also found similar sensitivity between both sample types [20].
Two previous studies compared multiple sample types including an-
terior nasal swabs and saliva on 1) the Biofire® RP 2.1 panel and an
earlier version of the Cepheid® GeneXpert® Xpress SARS-CoV-2/Flu/
RSV assays [21] and 2) the Biomeme SARS-COV-2 GO-Strips on the
Franklin™ three9 system and the Biofire® RP 2.1 panel [15]. It was
found that saliva performed comparatively well for all systems in
both studies compared to nasal swabs-95% and 98% detection on
both systems respectively, in saliva compared to nasal swabs for each
study [15,21].

One possible reason for the two systems in this study having
much lower sensitivity in saliva compared to nasal swabs is the per-
formance of the systems themselves. The earlier studies used sepa-
rate methods for RNA extraction, cDNA synthesis and detection all on
different systems [18-20]. In contrast, the two systems in the current
study utilized fully integrated sample processing platforms. One of the
previous studies comparing saliva to other sample types including na-
sal swabs used the Biomeme SARS-COV-2 GO-strips on the Franklin™
three9 system with separate RNA extraction on their M1 Sample Prep
Cartridge [15], while our study used the newer XCEL™ Respiratory
ISP Cartridges on the Franklin® ISP system, a fully integrated sample
processing system. Thus, the separate RNA extraction step may play a
role in sensitivity in saliva. However, another study compared two ful-
ly integrated sample processing systems similar to our current study

and found 98% detection in saliva compared to nasal swabs for both
platforms [21].

The main difference was that previous study that compared the
BioFire® to the Cepheid® system used the first-generation Cephe-
id® GeneXpert® Xpress SARS-CoV-2/Flu/RSV assay, while this study
used the more recently approved second-generation Xpert® Xpress
CoV-2/Flu/RSV plus assay [21]. Also, both of the previous studies uti-
lized research samples that were collected a few days after the clinical
sample was collected for the SARS-COV-2 CLIA test, so those studies
were only able to compare the research samples to each other on the
research systems being tested in the study. The current study directly
compared research saliva samples on our two experimental systems
to the clinical nasal swab sample CLIA test result.

There are a few limitations to this study. First is the saliva collec-
tion method. The previous studies [15,18-21] relied on the patient
drooling into a cup to collect the saliva resulting in a whole saliva
sample. The current study used a filter-based collection device in the
hopes of obtaining a cleaner saliva sample that would be less prone to
clogging an integrated sample processing system. The device works
by the patient drooling into the sample collection tube and then the
saliva passes through a filter to remove debris, impurities and reduce
viscosity. However, it is possible that perhaps the filter on this device
may have non-specifically bound SARS-COV-2 viral particles, thus re-
ducing the overall amount of SARS-COV-2 viral particles in the final
saliva sample for detection. On the other hand, the LoD experiments
which involved spiking inactivated SARS-COV-2 virus into SARS-
COV-2 negative patient saliva that was already pre-filtered revealed
that neither platform was able to detect very low copy numbers of the
virus in saliva. This lends some evidence to the fact that these plat-
forms may just not be very compatible with the saliva matrix.

A second limitation is that both systems exhibited failed runs on
some of the samples. The Cepheid® Xpert® Xpress CoV-2/Flu/RSV
plus assay had 1.82% of the runs fail, while the XCEL™ Respiratory
ISP Cartridges on the Franklin® ISP system had 27% of the runs fail.
Therefore, more refinement of the systems is required to reduce the
number of failed runs if used with saliva patient samples. The last lim-
itation is that only research saliva samples were collected, and not
research saliva samples and research nasal swab samples. However,
it should be noted that this study was designed to specifically evalu-
ate these two platforms for SARS-COV-2 detection in saliva compared
to the gold reference standard, rather than compare the two systems
performance in saliva vs nasal swabs. This is why the current study
only collected research saliva samples. By ensuring the research sa-
liva sample was collected the exact same day as the nasal swab sam-
ple for the CLIA test, this allowed for a direct comparison to the gold
reference standard-CLIA test result from a nasal swab sample, in this
study.
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Conclusion

Overall, the results of this study demonstrate while both systems
in this study can detect SARS-COV-2 in saliva with high specificity, the
sensitivity is not as high when compared to nasal swab samples test-
ed by the CLIA lab. This may be due to the systems themselves, or
partly due to the filter-based saliva collection device. Future studies
will be needed to identify the cause and further refine/optimize the
systems for SARS-COV-2 detection in saliva specifically.

Acknowledgments

We’d like to acknowledge the personnel at the Center for Ad-
vanced Molecular Detection for assisting with protocol support. We
would like to thank Dr. August Blackburn for reviewing the manu-
script and useful and insightful discussions.

Authors Contributions

AJB: conceptualization, experimental design, resources, funding
acquisition, data analysis, manuscript drafting, editing and review.
BG: data collection, manuscript review and editing. HL: data collec-
tion, manuscript review and editing. SA: supervision, resource alloca-
tion, project management, manuscript review and editing. All authors
have read and approved the final manuscript.

Disclaimer

The views expressed are those of the author(s) and do not reflect
the official views or policy of the Department of Defense or its Com-
ponents. The views of Cepheid® and Biomeme, Inc are not necessarily
the official views of, or endorsed by, the U.S Government, the Depart-
ment of Defense, or the Department of the Air Force. No Federal En-
dorsement of Cepheid® and Biomeme, Inc is intended.

Funding/COI

Funding was obtained from the Defense Health Agency CARES
Act. The authors have no conflicts of interest to report.

Data Sharing Statement

Data available on request. The data underlying this article will be
shared based upon reasonable request to the corresponding author.

References

1. Adil M T, Rumana Rahman, Douglas Whitelaw, Vigyan Jain, Omer Al-Taan,
et al. (2021) SARS-CoV-2 and the pandemic of COVID-19. Postgrad Med ]
97(1144): 110-116.

2. FangX, Shen Li, Hao Yu, Penghao Wang, Yao Zhang, et al. (2020) Epidemi-
ological, comorbidity factors with severity and prognosis of COVID-19: a
systematic review and meta-analysis. Aging (Albany NY) 12(13): 12493-
12503.

3. Salzberger B, Felix Buder, Benedikt Lampl, Boris Ehrenstein, Florian Hit-
zenbichler, et al. (2021) Epidemiology of SARS-CoV-2. Infection 49(2):
233-239.

10.

11.

12.

13.

15.

16.

17.

18.

19.

20.

Kevadiya B D, Jatin Machhi, Jonathan Herskovitz, Maxim D Oleynikov, Wil-
son R Blomberg, et al. (2021) Diagnostics for SARS-CoV-2 infections. Nat
Mater 20: 593-605.

Hu B, Guo H, Zhou P, Shi Z L (2021) Characteristics of SARS-CoV-2 and
COVID-19. Nat Rev Microbiol 19: 141-154.

Vindeirinho | M, Pinho E, Azevedo N F, Almeida C (2022) SARS-CoV-2 Di-
agnostics Based on Nucleic Acids Amplification: From Fundamental Con-
cepts to Applications and Beyond. Front Cell Infect Microbiol 12: 799678.

Wolfl-Duchek M, Felix Bergmann, Anselm Jorda, Maria Weber, Matthias
Miiller, et al. (2022) Sensitivity and Specificity of SARS-CoV-2 Rapid An-
tigen Detection Tests Using Oral, Anterior Nasal, and Nasopharyngeal
Swabs: a Diagnostic Accuracy Study. Microbiol Spectr 10(1): e0202921.

Gadenstaetter A ], Mayer C D, Landegger L D (2021) Nasopharyngeal ver-
sus nasal swabs for detection of SARS-CoV-2: a systematic review. Rhinol-
ogy 59(5): 410-421.

Chen L, Jiajia Zhao, Jinfeng Peng, Xiaoshuang Li, Xuliang Deng, et al. (2020)
Detection of SARS-CoV-2 in saliva and characterization of oral symptoms
in COVID-19 patients. Cell Prolif 53(12): e12923.

Wang Y, Upadhyay A, Pillai S, Khayambashi P, Tran S D, (2022) Saliva as a
diagnostic specimen for SARS-CoV-2 detection: A scoping review. Oral Dis
2:2362-2390.

Lalli M A, Joshua S Langmade, Xuhua Chen, Catrina C Fronick, Christopher
S Sawyer, et al. (2021) Rapid and Extraction-Free Detection of SARS-CoV-2
from Saliva by Colorimetric Reverse-Transcription Loop-Mediated Iso-
thermal Amplification. Clin Chem 67(2): 415-424.

Azzi L, V Maurino, A Baj, M Dani, A d Aiuto, et al. (2021) Diagnostic Sali-
vary Tests for SARS-CoV-2. ] Dent Res 100(2): 115-123.

Okoturo E, Amure M (2022) SARS-CoV-2 saliva testing using RT-PCR: a
systematic review. Int ] Infect Dis 121: 166-171.

. Todsen T, Martin Tolsgaard, Fredrik Folke, Kathrine Kronberg Jakobsen,

Annette Kjeer Ersbgl], et al. (2021) SARS-CoV-2 in saliva, oropharyngeal
and nasopharyngeal specimens. Dan Med ] 68(5): A01210087.

Voelker C R, Anna R Ochoa, La Quita Armstrong Spenrath, Lisa Lott, Jen-
nifer S McDaniel, et al. (2022) Evaluating sensitivity and specificity of the
Biomeme Franklin three9 real-time PCR device and SARS-CoV-2 go-strips
assay using clinical samples. ] Clin Virol 146: 105046.

McHugh M L (2012) Interrater reliability: the kappa statistic. Blochem
Med (Zagreb) 22(3): 276-282.

Lee R A, Herigon ] C, Benedetti A, Pollock N R, Denkinger C M (2021)
Performance of Saliva, Oropharyngeal Swabs, and Nasal Swabs for SARS-
CoV-2 Molecular Detection: a Systematic Review and Meta-analysis. ] Clin
Microbiol 59(5): e02881-20.

Migueres M, Jean Michel Mansuy, Sandrine Vasseur, Nicolas Claverie,
Catherine Lougarre, et al. (2022) Omicron Wave SARS-CoV-2 Diagnosis:
Evaluation of Saliva, Anterior Nasal, and Nasopharyngeal Swab Samples.
Microbiol Spectr 10(6): e0252122.

Lai ], Jennifer German, Filbert Hong, S H Sheldon Tai, Kathleen M McPhaul,
et al. (2022) Comparison of Saliva and Midturbinate Swabs for Detection
of SARS-CoV-2. Microbiol Spectr 10(2): e0012822.

Abasiyanik M E, Blake Flood, Jing Lin, Sefika Ozcan, Sherin ] Rouhani, et al.
(2021) Sensitive detection and quantification of SARS-CoV-2 in saliva. Sci
Rep 11(1): 12425.

. Sanchez A O, Anna R Ochoa, Sallie L Hall, Chet R Voelker, Rachel E Ma-

honey, et al. (2022) Comparison of next generation diagnostic systems
(NGDS) for the detection of SARS-CoV-2. ] Clin Lab Anal 36(4): e24285.

Copyright@ : Alexander ] Burdette | Biomed ] Sci & Tech Res | BJSTR. MS.ID.008058.

42395


8https://dx.doi.org/10.26717/BJSTR.2023.51.008058
https://pubmed.ncbi.nlm.nih.gov/32788312/
https://pubmed.ncbi.nlm.nih.gov/32788312/
https://pubmed.ncbi.nlm.nih.gov/32788312/
https://pubmed.ncbi.nlm.nih.gov/32658868/
https://pubmed.ncbi.nlm.nih.gov/32658868/
https://pubmed.ncbi.nlm.nih.gov/32658868/
https://pubmed.ncbi.nlm.nih.gov/32658868/
https://pubmed.ncbi.nlm.nih.gov/33034020/
https://pubmed.ncbi.nlm.nih.gov/33034020/
https://pubmed.ncbi.nlm.nih.gov/33034020/
https://www.nature.com/articles/s41563-020-00906-z
https://www.nature.com/articles/s41563-020-00906-z
https://www.nature.com/articles/s41563-020-00906-z
https://www.nature.com/articles/s41579-020-00459-7
https://www.nature.com/articles/s41579-020-00459-7
https://pubmed.ncbi.nlm.nih.gov/35402302/
https://pubmed.ncbi.nlm.nih.gov/35402302/
https://pubmed.ncbi.nlm.nih.gov/35402302/
https://pubmed.ncbi.nlm.nih.gov/34666340/
https://pubmed.ncbi.nlm.nih.gov/34666340/
https://pubmed.ncbi.nlm.nih.gov/34666340/
https://pubmed.ncbi.nlm.nih.gov/33073910/
https://pubmed.ncbi.nlm.nih.gov/33073910/
https://pubmed.ncbi.nlm.nih.gov/33073910/
https://pubmed.ncbi.nlm.nih.gov/35445491/
https://pubmed.ncbi.nlm.nih.gov/35445491/
https://pubmed.ncbi.nlm.nih.gov/35445491/
https://pubmed.ncbi.nlm.nih.gov/33098427/
https://pubmed.ncbi.nlm.nih.gov/33098427/
https://pubmed.ncbi.nlm.nih.gov/33098427/
https://pubmed.ncbi.nlm.nih.gov/33098427/
https://pubmed.ncbi.nlm.nih.gov/33131360/
https://pubmed.ncbi.nlm.nih.gov/33131360/
https://pubmed.ncbi.nlm.nih.gov/35577250/
https://pubmed.ncbi.nlm.nih.gov/35577250/
https://pubmed.ncbi.nlm.nih.gov/33832565/
https://pubmed.ncbi.nlm.nih.gov/33832565/
https://pubmed.ncbi.nlm.nih.gov/33832565/
https://pubmed.ncbi.nlm.nih.gov/34863057/
https://pubmed.ncbi.nlm.nih.gov/34863057/
https://pubmed.ncbi.nlm.nih.gov/34863057/
https://pubmed.ncbi.nlm.nih.gov/34863057/
https://pubmed.ncbi.nlm.nih.gov/23092060/
https://pubmed.ncbi.nlm.nih.gov/23092060/
https://pubmed.ncbi.nlm.nih.gov/33504593/
https://pubmed.ncbi.nlm.nih.gov/33504593/
https://pubmed.ncbi.nlm.nih.gov/33504593/
https://pubmed.ncbi.nlm.nih.gov/33504593/
https://pubmed.ncbi.nlm.nih.gov/36318040/
https://pubmed.ncbi.nlm.nih.gov/36318040/
https://pubmed.ncbi.nlm.nih.gov/36318040/
https://pubmed.ncbi.nlm.nih.gov/36318040/
https://pubmed.ncbi.nlm.nih.gov/35311575/
https://pubmed.ncbi.nlm.nih.gov/35311575/
https://pubmed.ncbi.nlm.nih.gov/35311575/
https://pubmed.ncbi.nlm.nih.gov/34127708/
https://pubmed.ncbi.nlm.nih.gov/34127708/
https://pubmed.ncbi.nlm.nih.gov/34127708/
https://pubmed.ncbi.nlm.nih.gov/35174538/
https://pubmed.ncbi.nlm.nih.gov/35174538/
https://pubmed.ncbi.nlm.nih.gov/35174538/

Volume 51- Issue 1 DOI: 10.26717/BJSTR.2023.51.008058

ISSN: 2574-1241

DOI: 10.26717/BJSTR.2023.51.008058 BIOMEDICAL o _
RESEARCHES ¢ Global archiving of articles

¢ [mmediate, unrestricted online access

i
@ @ This work is licensed under Creative L 2N @ % « Rigorous Peer Review Process
Commons Attribution 4.0 License ooy

& ¢ Authors Retain Copyrights

Assets of Publishing with us

Alexander ] Burdette. Biomed ] Sci & Tech Res

Submission Link: https://biomedres.us/submit-manuscript.php C
v [ ¢ Unique DOI for all articles

ISSN: 2574-1241

https://biomedres.us/

Copyright@ : Alexander ] Burdette | Biomed ] Sci & Tech Res | BJSTR. MS.ID.008058. 42396


8https://dx.doi.org/10.26717/BJSTR.2023.51.008058
8https://dx.doi.org/10.26717/BJSTR.2023.51.008058

