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ABSTRACT Identifying SARS-CoV-2 infections through aggressive diagnostic testing
remains critical to tracking and curbing the spread of the COVID-19 pandemic.
Collection of nasopharyngeal swabs (NPS), the preferred sample type for SARS-CoV-2
detection, has become difficult due to the dramatic increase in testing and conse-
quent supply strain. Therefore, alternative specimen types have been investigated
that provide similar detection sensitivity with reduced health care exposure and the
potential for self-collection. In this study, the detection sensitivity of SARS-CoV-2 in
nasal swabs (NS) and saliva was compared to that of NPS using matched specimens
from two outpatient cohorts in New York State (total n=463). The first cohort
showed only a 5.4% positivity, but the second cohort (n=227) had a positivity rate
of 41%, with sensitivity in NPS, NS, and saliva of 97.9%, 87.1%, and 87.1%, respec-
tively. Whether the reduced sensitivity of NS or saliva is acceptable must be assessed
in the settings where they are used. However, we sought to improve on it by vali-
dating a method to mix the two sample types, as the combination of nasal swab
and saliva resulted in 94.6% SARS-CoV-2 detection sensitivity. Spiking experiments
showed that combining them did not adversely affect the detection sensitivity in ei-
ther. Virus stability in saliva was also investigated, with and without the addition of
commercially available stabilizing solutions. The virus was stable in saliva at both 4°C
and room temperature for up to 7 days. The addition of stabilizing solutions did not
enhance stability and, in some situations, reduced detectable virus levels.
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dentifying acute COVID-19 infection through diagnostic testing and screening
remains critical in our efforts to care for affected patients and curb the pandemic.
Accordingly, laboratory services have worked to expand testing capacity, improve turn-
around times, track the course of the outbreak, and provide data for patient manage-
ment and the implementation of appropriate mitigation efforts and health care serv-
ices (1).
The original standard for diagnosing COVID-19 was molecular testing for SARS-CoV-
2 RNA on a nasopharyngeal swab (NPS) collected in virus transport medium (VTM).
Unfortunately, performing NPS necessitates the use of a specifically designed swab
and requires health care workers to wear extensive personal protective equipment
(PPE). Within weeks of the pandemic onset in the United States, multiple aspects of the
specimen collection and testing process became extremely difficult. The desired test-
ing capacity quickly exceeded anything attempted in the country before, and vendors
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were unable to meet the supply demands for all required sampling components,
including the specific swabs used for NPS specimen collection, VTM, PPE, reagents, and
instruments needed for testing the samples at the laboratories (1-6). In response, a
number of changes were implemented: guidelines were rapidly changed to require
clinicians to limit the use of (or to reuse) PPE (4, 7-9), alternatives to VTM were tested
and implemented (10-12), and numerous additional commercial diagnostic tests and
instruments were authorized and distributed by the U.S. Food and Drug Administration
(https://www.fda.gov/emergency-preparedness-and-response/mcm-legal-regulatory-and
-policy-framework/emergency-use-authorization#covid19euas). Additionally, other sam-
ple types were assessed as alternatives to NPS (3, 13-19).

Testing of oropharyngeal swabs (OPS), nasal swabs (NS), midturbinate swabs (MTS),
and saliva provided the opportunity to be less restrictive about the type of swab used,
and the last three options also offer the additional advantage of self-collection. This
has been demonstrated to be successful in previous studies on influenza detection,
where self-collected specimens were found to have detection rates similar to those col-
lected by health care personnel (20, 21). Major advantages of self-collection include
limiting the exposure of health care workers to potentially infected patients, subse-
quently reducing the use of PPE, and limiting the exposure of patients to hospitals,
where infection is likely more prevalent. Self-collection also allows for individuals to
conveniently test themselves at home, which could lead to increased testing rates with
a limited burden on health care systems.

Therefore, numerous recent studies have focused on the comparative sensitivity of
upper respiratory swabs other than NPS, which has long been considered the preferred
option for the optimal detection of most respiratory viruses (3, 15, 19, 22). Experience
with saliva as a diagnostic sample type for respiratory viruses has been limited,
although in recent months, several studies have suggested saliva is of acceptable or
equal sensitivity to NPS or other specimen types for the diagnosis of SARS-CoV-2 (14,
17, 18, 23-25). Some studies have also proposed the use of saliva stabilizing solutions,
and it has been unclear whether these are necessary or advantageous.

In this study, nasal swabs and saliva were compared to NPS for the detection of
SARS-CoV-2 in outpatients from two distinct New York populations, one of which had
high prevalence while the other had low. The stability of SARS-CoV-2 in saliva and the
utility of three stabilizing solutions were investigated. Finally, methods for combining
swabs and saliva in the laboratory were assessed to maximize detection of the virus
without running multiple tests when more than one specimen type is collected.

MATERIALS AND METHODS

Specimen collection sites and patients. This study was granted nonresearch determination under
the emergency response criterion by the New York State Department of Health Institutional Review
Board.

Two sites were accessed for specimens collected between 20 and 26 March 2020. The first testing
site was a large tent erected on the Albany Medical Center (AMC) Emergency Department parking lot in
Albany, NY. Open from 7 a.m. to 11 p.m. for 2.5 days, this walk-in site enrolled 236 subjects. Patients
without an appointment could be tested for COVID-19 and were not required to be symptomatic. No
patients were excluded. The second testing site was a drive-through Regional Operations Center (ROC)
in New Rochelle (NR), NY, where an identified superspreader event had taken place early in the pan-
demic and the COVID-19 positivity rate was known to be high. Patients were required to have an
appointment and qualifying symptoms or exposures; 227 subjects were enrolled from this site.

Specimen types, collection, and transport. Three specimens were collected from each subject: na-
sopharyngeal swab (NPS), nasal swab (NS), and saliva. Collection of NS was by bilateral swabbing on
flocked swabs with insertion to approximately one inch and gentle rotation for several seconds. For NPS
swabs, appropriate flocked NPS swabs were inserted in the NP cavity and gently rotated for 10 to 15s.
Both NS and NPS were placed in separate tubes containing 1 ml molecular transport medium (MTM;
Longhorn Vaccines and Diagnostics, LLC, San Antonio, TX). Saliva samples were collected in sterile 50-ml
conical tubes. Patients were instructed to refrain from eating, drinking, chewing gum or tobacco, or
smoking for 30 min prior to collection and to work up saliva in their mouth, not cough, and to drool or
gently spit the saliva into the container. Specimens from AMC were brought to the Wadsworth Center
Laboratory of Viral Diseases (LVD) approximately every 2 to 4 h for accessioning and testing. Those from
NR were placed in coolers and transported to the LVD within 24h for accessioning and testing.
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TABLE 1 Experimental parameters for stability studies

Journal of Clinical Microbiology

Virus concn spiked

Matrix (gene copies, gc/ml) Temp Time point (day)
Saliva only High, 1 x 10%; low, 2 x 10° 4°C, room temp, —80°C 0,1,3,57

VTM only High, 1 x 10%; low, 2 x 10° 4°C, room temp, —80°C 0,1,3,57

Nasal Swab only High, 1 x 10%; low, 2 x 10° 4°C, room temp, —80°C 0,1,3

Saliva + Nasal Swab only High, 1 x 105 low, 2 x 10° 4°C, room temp, —80°C 0

Saliva + VTM High, 1 x 105 low, 2 x 10° 4°C, room temp, —80°C 0,1,35,7

Saliva + 23andMe stabilization buffer High, 1 x 10%; low, 2 x 10° 4°C, room temp, —80°C 0,1,3,57

Saliva + AncestryDNA stabilization buffer High, 1 x 105 low, 2 x 10° 4°C, room temp, —80°C 0,1,3,57

Saliva + AncestryDNA stabilization buffer, combined with nasal swab High, 1 x 10%; low, 2 x 10° 4°C, room temp, —80°C 0,1,3

Specimens were held at 4°C from the time of collection to the time of processing into lysis buffer for mo-
lecular testing. All testing was performed within 24 to 72 h of the time of specimen collection.

SARS-CoV-2 testing. NPS and NS specimens collected in MTM did not require further processing
before extraction. Saliva volumes varied from 1 to 10 ml. Many samples from the NR cohort were exces-
sively mucoid and could not be aspirated through a 1,000-u! pipette tip for transfer into lysis buffer. To
streamline the process, all samples from the NR cohort were digested prior to extraction with 0.5 to 1 ml
Snap n’ Digest (Scientific Device Laboratory, Des Plaines, IL), vortexed, and incubated at room tempera-
ture for 10 min. Samples from AMC with mucus or excessive viscosity were selectively digested as
described above.

The CDC 2019 nCoV real-time reverse transcription-PCR (RT-PCR) diagnostic panel (26-28) was used
to test all samples. Total nucleic acid extraction was conducted on the bioMérieux easyMAG or EMAG
(bioMérieux Inc, Durham, NC) or MagNA Pure 96 system (Roche Diagnostics, Indianapolis, IN). Briefly, for
all specimens tested using the easyMAG or EMAG, 110 ul of sample was added to 2 ml NucliSENS lysis
buffer (bioMérieux) and extracted into 110 ul of eluate. For specimens extracted using the MagNA Pure
96, 100 ul specimen was added to 350 ul lysis buffer and eluted into 100 wl.

Testing was performed on ABI 7500FAST Dx instruments as described in the instructions for use
(IFU) on the FDA website. All cycle threshold (C;) values for viral RNA detection presented here are for
the N1 gene.

Virus and viral RNA quantification. A SARS-CoV-2 isolate, USA-WA1/2020, was obtained from BEI
Resources (NIH/ATCC, Manassas, VA) and amplified in Vero E6 cells, in accordance with biosafety level 3
(BSL-3) procedures. Viral isolate RNA was extracted and quantified by standard curve using RNA tran-
script synthesized to contain all SARS-CoV-2 N-gene targets in the CDC 2019-nCoV real-time RT-PCR
diagnostic panel (Bio-Synthesis, Inc., Lewisville, TX).

Validation of specimen types for viral detection. Validation of all specimen types with the CDC
2019-nCoV real-time RT-PCR diagnostic panel included a limit of detection determination, followed by a
clinical evaluation panel. To perform these experiments in a BSL-2 environment, quantified SARS-CoV-2
viral RNA, rather than infectious virus, was spiked into lysed negative specimens prior to extraction.
Saliva was validated for use on the easyMAG and EMAG instruments as well as on the MagNA Pure 96
system (Roche Diagnostics, Indianapolis, IN). Combined saliva and nasal swab specimens were validated
on the easyMAG and EMAG instruments only.

To investigate the possibility of maximizing virus detection without doubling the number of tests
performed, mixed saliva and nasal swabs were validated as a sample type in the following manner:
110 ul of each specimen was added to the same 2-ml lysis buffer tube, eluted into 110 ul, and tested as
one sample. To mimic situations in which saliva is positive and nasal swabs are negative or vice versa,
and to confirm that there is no adverse impact on detection, limits of detection (LOD) were determined
for spiked combined specimens.

LOD were assessed by first testing a range-finding dilution series, in triplicate, to estimate the LOD
and then confirmed by spiking that concentration of SARS-CoV-2 viral RNA into 20 individual clinical
specimens. The LOD was determined as that which gave at least 95% detection of the sample replicates.

To evaluate the detection of SARS-CoV-2 in clinical saliva samples, individual negative saliva speci-
mens were spiked with quantified viral RNA at the following range of concentrations in triplicate: 2,
4x,6x%,8x%,10x, and 100x the established LOD. These evaluations were also performed with combined
saliva and nasal swab specimens. Additionally, 19 previously positive nasal swabs in viral transport me-
dium (VTM), with original C; values ranging from 20 to 39, and three positive saliva specimens, with C;
values of 21 to 33, were individually reanalyzed and tested in combination with the other negative
samples.

Saliva stabilizing experiments. To evaluate the stability of SARS-CoV-2 in saliva and to determine
the necessity of stabilizing solutions for virus preservation in saliva, infectious SARS-CoV-2 virus was
spiked into pooled negative saliva and sampled at multiple time points, with storage at multiple temper-
atures, with and without the addition of various stabilizing buffers. Individual saliva specimens were
tested for SARS-CoV-2 by real-time RT-PCR before using in stability studies to verify their negative status.
Table 1 summarizes the multiple parameters assessed in the stabilizing experiments.

SARS-CoV-2 isolate USA-WA1/2020, cultured and harvested as described above, was used in all stabi-
lizing experiments. Stock viral RNA concentration was calculated at 2.2 x 107 RNA gene copies/ul as
described above. Stock virus was diluted in Eagles minimal essential medium (EMEM) plus 2% fetal
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bovine serum to working concentrations, and samples in each experiment were spiked with either high
(1 x 10° RNA copies/ml specimen or 5,000 RNA copies/PCR) or low (2 x 10° RNA copies/ml specimen or
200 RNA copies/PCR) concentrations in duplicate.

Sampling of all specimens for the stability studies included lysis of 110 ul specimen into 2ml
NucliSENS lysis buffer, extraction on EMAG or easyMAG instruments into 110 ul of elution buffer, and
analysis by the CDC real-time RT-PCR diagnostic panel. C; values were averaged and plotted using
GraphPad Prism software, version 8.3.0.

23andMe stabilization buffer. Saliva stabilization kits were kindly donated by 23andMe (Sunnyvale,
CA). Stabilizing buffer was removed from the kits and pooled. A total of 32 tubes (15 ml polypropylene),
each containing 1 ml saliva, were spiked with SARS-CoV-2 (16 high and 16 low virus concentrations), fol-
lowed by the immediate addition of 1 ml stabilization buffer, and then mixed thoroughly. An additional
32 tubes were prepared containing 0.5 ml saliva spiked with high and low virus concentrations, followed
by the immediate addition of 0.5 ml VTM, and then mixed thoroughly. All samples were then sampled
and analyzed by real-time RT-PCR (day 0) by standard procedures, starting with a 110-ul transfer to lysis
buffer tubes as described above. Duplicate tubes at each concentration were then stored at room tem-
perature, 4°C, and —80°C, and samples were tested on each of days 1, 3, 5, and 7, except for those stored
at —80°C, which were only analyzed on day seven.

AncestryDNA stabilization buffer. AncestryDNA saliva collection kits were kindly donated by the
company (Lehi, UT) and used for additional saliva stability studies. In these experiments, the stability of
SARS-CoV-2 was tested in saliva, VTM, saliva with VTM, and saliva with AncestryDNA (AcD) stabilization
buffer. Briefly, tubes containing SARS-CoV-2-negative saliva or VTM were spiked with high and low virus
concentrations (six replicates each), followed by the addition of stabilization buffer, mixing, and sam-
pling as described above for the 23andMe experiment for day 0 analysis. The following volumes were
used: saliva alone (1.5ml), VTM alone (1.5 ml), saliva with VTM (0.5 ml saliva plus 1 ml VTM), and saliva
with AcD (1 ml saliva plus 0.5 ml AcD buffer, per the manufacturer’s instructions). Duplicate tubes of each
concentration were prepared for each storage temperature and stored at room temperature, 4°C, and
—80°C for up to 7 days. Stored, spiked samples were tested at appointed days when a 110-ul aliquot
from each tube was lysed, extracted, and tested by real-time PCR at days 1, 3, and 7, except for those
stored at —80°C, which were only sampled at day seven.

Stabilization with saliva and nasal swab combination. AncestryDNA saliva collection kits were
used for stability studies in an experiment to investigate the stability of SARS-CoV-2 in saliva, nasal swab
in VTM, and saliva with AcD stabilization buffer. In addition, to observe the effects of combining speci-
mens on SARS-CoV-2 detection sensitivity, saliva alone and in combination with nasal swabs in VTM
were lysed and analyzed together. Pooled negative saliva and pooled nasal swabs in VTM, all negative
for SARS-CoV-2, were used in this experiment. A total of 18 tubes were prepared, 12 containing 2 ml sa-
liva (alone) and 6 containing 2ml NS in VTM. Four saliva tubes were spiked with high virus and four with
low virus concentrations, and four remained unspiked. Two of each of these four (2 high, 2 low, and 2
no virus) were then mixed with 1 ml AcD stabilization buffer. Six NS tubes were also spiked with high,
low, or no virus. Tubes were incubated at room temperature, and sampling was performed at three time
points: days 0, 1.5, and 3. At each time point, 110 ul from each of the tubes was removed, lysed,
extracted, and analyzed. In addition, 110 ul of each prepared saliva sample, with and without stabiliza-
tion buffer, was lysed together with 110 ul of each prepared nasal swab sample, so that high, low, and
negative saliva samples would be mixed with high, low, and negative nasal swab samples. Combined
samples were then extracted as one specimen and analyzed.

Statistical analyses. For all statistical calculations, each C; value used is the mean of the N1 and N2
C; values for that positive specimen. In cases where a specimen type was not collected for an individual,
that patient was then excluded from calculations of that specimen type’s sensitivity. For the purpose of
calculating sensitivities, true positives were determined as any C; value of <45 for any specimen type.
Sensitivities and associated confidence intervals (Cl) were calculated using the R package pROC (29).
Confidence intervals of sensitivities were calculated using 2,000 stratified bootstrap replicates. Two-sam-
ple Wilcoxon rank sum tests were used to compare mean ranks of C; values between males and females
for each specimen type. Wilcoxon rank sum tests were performed, and the results plotted, using the R
package ggpubr (30). Conditional density plots were created using the R package vcd (31) with default
settings. R, version 3.6.3 (32), was used for all preceding analyses.

RESULTS

Patient demographics and regional positivity rates. Specimens were collected
from a total of 463 individuals at two collection sites in New York State during the early
weeks of the SARS-CoV-2 pandemic. Samples were initially collected from 236 individu-
als at AMC. However, following initial testing of NPS, only 12 of 236 patients tested
positive for SARS-CoV-2 RNA, a positivity rate too low (5%) to enable statistically mean-
ingful comparisons (Fig. 1A). Specimen collection was immediately transferred to a
location with known high positivity. During March 2020, New Rochelle (NR), NY, was
one of the Northeast’s earliest pandemic “hot spots,” with a significantly higher positiv-
ity rate than the rest of the state. Specimens were collected from 227 patients in NR
with demographics as shown in Table 2. Of the 227 patients tested at that site, 93
(41%) were positive for SARS-CoV-2, with 74 patients positive in all three sample types,
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A. AMC B. New Rochelle
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FIG 1 Comparison of positivity in different specimen types from the two collection sites. (A) Albany Medical

Center (n=236). (B) New Rochelle (n=227).

7 positive in both NS and NPS, 5 positive in both saliva and NPS, and 5 positive in NPS
alone. Interestingly, 2 patients were positive in saliva alone but none in NS alone, while
NPS detected 91 of 93 positive patients (Fig. 1B). The distribution of viral load across
age groups in the NR cohort, as indicated by C; value, is displayed in Fig. 2 and pro-
vides a visual indication of differences seen across sample types and age groups.
Comparison of specimen sensitivities for SARS-CoV-2 detection. We sought to
determine whether NS or saliva specimens could be used as a surrogate sample type
in place of NPS for SARS-CoV-2 detection when using the CDC 2019 nCoV real-time RT-
PCR diagnostic panel. Comparisons of grouped C; values using a Kruskal-Wallis test
with Dunn’s multiple-comparison post hoc test revealed statistically significant differen-
ces between the three sample types: the mean C; values for both NPS- and NS-positive
samples were significantly lower (P < 0.0001) than that of positive saliva samples, and
the mean C; values for NPS and NS were not significantly different from one another
(Fig. 3). When sensitivities and corresponding 95% confidence intervals for all speci-
men types were calculated, NPS and the combination of NS and saliva provided the
highest sensitivities (97.8% and 94.6%, respectively) with overlapping 95% confidence
intervals (Table 3). Both NS and saliva had lower, and identical, sensitivities and 95%
confidence intervals (87.1% and 79.57 to 93.55 for both) than NPS or the combination
of NS and saliva. The confidence intervals for NS and saliva overlapped that for the NS
and saliva combination specimen type but not NPS specimen type (Table 3).
Validation of saliva and nasal swabs for clinical testing. Saliva and NS as individ-
ual specimen types and the combination of NS plus saliva were all validated for testing
on the CDC 2019 nCoV real-time RT-PCR diagnostic panel after extraction on the EMAG
and easyMAG. The LOD for saliva, NS, and NS plus saliva were all found to be 25 RNA

TABLE 2 Patient demographics

Albany Medical Center cohort New Rochelle cohort
All patients Positive patients All patients Positive patients
Parameter (n=236) (n=12) (n=227) (n=93)
Male gender, % 47 25 60 60
Age, yr
0-5 4 0 0 0
6-18 13 0 2 1
19-45 133 6 149 63
46-65 68 6 59 21
>65 16 0 6 4
Unknown 2 0 1 4
Age range 3-105 27-61 14-77 14-71
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Negative
Ct=45

High Positive
Ct<24

Age in years

Negative
Ct=45

High Positive
Ct<24

Age in years

Negative
Ct=45

High Positive
Ct<24

Age in years

FIG 2 Distribution of negative, low-positive, and high-positive patients by age. Conditional density
plots display the distribution of negative, low-, and high-positive samples by age. High-positive
samples (darkest gray) showed C; values of <24, low positives (medium gray) had 24 =C; < 45, and
negatives (light gray) had C; values of 45. Results are shown for NPS (A), NS (B), or saliva (C).

copies/PCR or 5 RNA copies/ul using both extraction platforms. Additionally, clinical
evaluation studies of all specimen types with amended negative samples showed
100% accuracy (data not shown).

A total of 20 individual negative saliva specimens were separately lysed and spiked
with viral RNA in an amount that was calculated to result in a concentration of 25 RNA
copies/PCR. Next, 20 individual negative nasal swabs, in VTM, were added to the lysed
saliva, and the combined sample was analyzed. For the reverse, 20 individual negative
nasal swab specimens were separately lysed and spiked with 25 copies/PCR, and the
same volume of 20 negative saliva samples was added to the lysed nasal swabs. These
combined samples were then extracted and analyzed.

A clinical evaluation was also performed on samples of mixed NS and saliva speci-
mens from positive patients. A total of 15 previously positive NS samples were retrieved
and retested with and without the addition of saliva. All were positive when combined,
and C; values were not adversely affected (Fig. 4). Linear regression analysis indicated a
high correlation between nasal swab only C; values and nasal swab with saliva C; values,
even for samples with moderately weak values (C; values between 30 and 35).
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FIG 3 Comparison of SARS-CoV-2 detection by sample type and C; value. Matched C; values for NPS,
NS, and saliva from all positive individuals collected at the ROC (n = 93) were compared using a
Kruskal-Wallis test (P << 0.0001) with Dunn’s multiple comparisons post hoc test, which were used to
compare the mean ranks of C; values between sample types. Bars represent means and 95% Cl, and
a C; value of 45 was assigned to undetected specimens. Asterisks represent P values derived from

Fkkk

Dunn’s multiple-comparison test (ns, not significant; *, P=0.05; **, P=0.01; ***, P=0.001; s
P =0.0001).

SARS-CoV-2 stability in saliva with stabilization solutions. A series of experi-
ments were then performed in which virus-spiked saliva was supplemented with differ-
ent stabilization buffers to examine the stability of SARS-CoV-2 in saliva and the utility
of commercial stabilizing solutions. Samples were tested at high and low virus levels,
held at different temperatures for various time periods (as described in Materials and
Methods), and analyzed for changes in C; values that would indicate a loss of detecta-
ble viral RNA.

An initial experiment compared the deterioration of virus in spiked saliva, stabilized
by the addition of VTM, to that of spiked saliva with the stabilization buffer from
23andMe. Samples were stored at 4°C and room temperature and tested at days 0, 1,
3, 5, and 7. The SARS-CoV-2 virus in saliva was more stable in VTM than in 23andMe
stabilizing solution, as indicated by C; values over time at either temperature (Fig. 5).
Greatest losses in detectable viral RNA were seen at day 7 in saliva with 23andMe stabi-
lizing solution, particularly in samples that had been stored at room temperature, while
those in VTM showed little to no change. A similar experiment comparing viral RNA
detection in saliva supplemented with VTM or stabilization solution from Ancestry also
showed no benefit from the addition of stabilization solution and again a significant
loss of detectable virus at day 7 in samples that had stabilization solution added to
them. Interestingly, in this experiment the virus in spiked saliva with no additives was
just as stable as that in VTM, producing unchanged C; values after 7 days of storage at
either 4°C or room temperature (Fig. 6). The virus was also just as stable in NS at either
4°C or room temperature as in saliva over a 3-day test period, while again losing de-
tectable virus in saliva if stabilization buffer was added (Fig. 7).

In a final series of experiments, we explored whether adding saliva and nasal swabs
together and testing as a single specimen impacted the detection of the virus and
whether stabilization solution being previously added to the saliva impacted detection
when stored at room temperature for up to 3 days. Results are graphed in Fig. 8 and
show that (i) the presence of a high virus level in saliva is not impacted by the addition
of a high, low, or negatively spiked nasal swab, (ii) a low-level spiked saliva sample is
not impacted by a low or negative spike nasal swab and the addition of a high-level

TABLE 3 Sensitivity of detection for NPS, NS, saliva, and NS plus saliva

Specimen type Sensitivity (95% Cl)
NPS 97.85 (94.62-100)

NS 87.10 (79.57-93.55)
Saliva 87.10 (79.57-93.55)
NS and saliva 94.62 (89.25-98.92)
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spiked nasal swab raises the virus level to high (detecting the high level of virus in the
nasal swab), and (iii) the presence of saliva does not impact the detection of low- or
high-level virus spiked into nasal swabs. All these findings are consistent across the 3
days that the sampling was performed. Interestingly, when the same sample combina-
tion experiments are performed using saliva supplemented with stabilization buffer,
the presence of the solution does not affect the detection of the virus in nasal swabs;
however, it does affect its detection in saliva (Fig. 8D, E, and F). With the exception of
the detection of some high-level spiked virus in saliva at time point 0 (Fig. 8D), the
addition of stabilization buffer effectively eliminated the virus detection in saliva at all
other time points and concentrations (Fig. 8D and E), leaving detectable virus only in
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FIG 5 Virus stability in saliva samples mixed with 23andMe stabilization buffer or VTM. Mixtures of saliva plus 23andMe
buffer (blue) or VTM (purple) and virus were held at room temperature (A, dashed lines) or 4°C (B, solid lines) and sampled at
days 0, 1, 3, 5, and 7 in duplicate. Mean C; values for N1 were plotted, and simple linear regression analysis was performed.
The slope of all VTM curves did not deviate significantly from zero; the slope of the 23andMe low spike at 4°C did not
deviate significantly from zero, and the slope of all other 23andMe plots significantly deviated from zero (P < 0.02).
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alone (red), saliva plus VTM (purple), and saliva plus AcD buffer, all spiked with virus, were held at room temperature (A,
dashed lines) or 4°C (B, solid lines) and sampled, in duplicate, at days 0, 1, 3, and 7. Mean C; values were plotted, and simple
linear regression analysis was performed. Slopes for neither saliva alone nor saliva plus VTM deviated from zero; all slopes for

saliva plus AcD buffer significantly deviated from zero (P < 0.02).

DISCUSSION

As the COVID-19 pandemic continues, ongoing supply issues with collection devi-
ces and PPE at a national and international level, together with increasing demands for
laboratory testing, has necessitated the exploration of alternative options for specimen
types to maintain effective mitigation strategies. It will be difficult to find a consensus
for the relative performance of different sample types across studies performed on dif-
ferent patient groups for a disease with such variable severity and presentations,
across a wide range of age groups, using an array of collection devices and transport
media, and with the additional variables of time postonset and time postsample
collection.

COVID-19 has primarily affected adults and older persons. This is reflected in the
populations of both cohorts tested in this study, as neither included large numbers of
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FIG 7 Virus stability over time. Viral RNA detection at both high (A) and low (B) spiked virus
concentrations in saliva (red), saliva plus AcD buffer (blue), and NS in VTM (green). Samples were held
at room temperature and collected, in duplicate, at 0, 36, and 72 h; mean C; values are plotted.

May 2021 Volume 59 Issue 5 e01418-20

Journal of Clinical Microbiology

jcmasm.org 9


https://jcm.asm.org

Griesemer et al.

A B o
2 @ Saliva-High 25- > Saliva-Low 25 o h g Saliva-gleg
25 30E
e
30 35
35 40-
40 407 Y S
45+ T T , 45 T T " 50 T T )
1 2 3 0 1 2 3 0 1 2 3
=)
o
D E F
25, o. Saliva/Acg-High 25 o-)(- Saliva/Ac(l))-Low 25_) 0-0- Saliva/AccE:-Neg
30 30
35 a5 = &
40 40+
45 3 4 L e SE—
50 T T 1 50 T T 1
1 2 3 0 1 2 3
\{
>
Day
© +NS-High B +NS-Low S +NS-Neg

FIG 8 Effect of mixed saliva and NS specimens with high and low virus concentrations, with and without the addition
of stabilization buffer to the saliva. (A, B, and C) High, low, and negative saliva mixed with high, low, and negative NS.

(D, E, and F) High, low, and negative saliva with stabilization buffer mixed with high, low, and negative NS.

pediatric patient samples. The number of samples from the geriatric population (>65),
however, was low in both cohorts and could be a result of the collections being per-
formed at walk-through and drive-through clinics.

In the study reported here, the results show that in the outpatient group tested
that was not severely ill, NPS specimens produced greatest sensitivity at approximately
98%, while NS or saliva alone provided sensitivities of approximately 87%. Whether the
reduction in detection sensitivity that occurs with the use of these specimen types is
acceptable has to be assessed in the settings in which they are being used, taking into
account the more ready availability of NS swabs, the convenience of collection, the
reduced discomfort of NS and saliva collection, and the potential for self-collection of
these specimens and, thus, diminished risk of transmission to health care personnel.
Notably, some other studies have not found sensitivity differences this great, while
others have found them more extreme (13, 14, 16, 18, 19, 24, 25, 33). By combining the
NS and saliva specimens in the laboratory, we could increase sensitivity to 95%, an
additional 8% above NS or saliva alone; we believe this to be a substantial improve-
ment and a beneficial option for sensitive diagnosis of SARS-CoV-2.

Of note, we did find that many of the submitted saliva specimens from NR were
excessively mucoid, clearly containing material that had been coughed into the speci-
men and had to be digested, similar to the process used for sputum. Following this ex-
perience, we issued strict instructions not to cough or do anything that would result in
excess mucus in the sample but to dribble or gently spit into the collection tube. In
some other publications, the term “saliva” has been used loosely, and, on reading the
specimen description carefully, has clearly included the deliberate collection of mucus.
It is unclear from descriptions in most of the published papers where saliva has been
studied, however, if they were truly saliva specimens or if they were a combination of
saliva and sputum and what the relative sensitivity of the two specimen types is for
detecting SARS-CoV-2. Saliva does present an attractive alternative to both NPS and NS
specimens, because the only collection consumable needed is a tube. Notably, this
sampling strategy has limitations: it may not be suitable for children, mentally
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challenged patients, or severely ill patients. The collection of saliva is clearly not suita-
ble for intubated patients, and the use of alternative sample types should be continued
for those situations.

Saliva contains many antibodies and enzymes that could ultimately affect the
stability of virus particles or viral RNA, which could impede detection. In our sample
comparison from the NR cohort, significantly higher C; values were observed in sa-
liva samples than in NS or NPS. As a result, concerns were raised regarding viral sta-
bility in this sample type, and a series of experiments were undertaken to assess
this and the possibility of improving stability with solutions from commercial saliva
collection kits. Previous reports have shown viral RNA stability in saliva for 24 h at
both room temperature and 4°C (25). In this study, however, we found surprising vi-
ral RNA stability in saliva alone for up to 7 days, even at room temperature, whereas
the addition of stabilization solutions had adverse effects. It must be noted that
these solutions are intended for stabilizing DNA, not RNA, and subsequent versions
from commercial manufacturers specifically for RNA stabilization may have differ-
ent results. However, at the time the work was done, neither company had equiva-
lent saliva collection kits available with RNA stabilizing solutions, and it was their
decision to have us proceed with the testing using the available stabilizers. It must
also be noted that virus stability was only measured with regard to molecular
detection. For investigators interested in studies on culturable infectious particles,
the stability of virus infectivity may be different.

In symptomatic COVID-19 patients, SARS-CoV-2 viral RNA can be detected 1 to 2
days before symptom onset and several days postonset. Thereafter, viral loads
decrease substantially; however, there are numerous reports of patients remaining
RNA positive for prolonged periods of time and some individuals having intermit-
tent bouts of repeated positivity. Whether these are reinfections, reactivations, or
simply low levels of residual virus at the limits of detection of the assay is unclear.
Moreover, we have much to learn about the behavior of viral loads in the large
numbers of asymptomatic cases now being detected during mass screening of per-
sonnel and preprocedure patients. A few studies have recently become available
on the relative sensitivities of various specimen types for SARS-CoV-2 detection in
asymptomatic individuals and suggest that saliva can be considered an acceptable
alternative sample type in these populations (34-37). The findings of our study, i.e.,
the combination of NS and saliva provides similar sensitivity to NPS while alleviat-
ing many of its limitations, should be carefully considered based on the setting and
the study population being tested. Processes at laboratories must always be indi-
vidually assessed for suitability at the site, with allowance for numerous aspects of
pre- and postanalytical processes as well as the testing platforms and chemistries
being utilized. It is quite feasible for this mixed sample type to be tested on a vari-
ety of platforms, including some of the sample-to-answer devices. However, as with
all changes to processes, this would have to be assessed for suitability at the site
and validated for the platform.
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