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ABSTRACT Saliva is an attractive sample for detecting SARS-CoV-2. However, contradic-
tory reports exist concerning the sensitivity of saliva versus nasal swabs. We followed close
contacts of COVID-19 cases for up to 14 days from the last exposure and collected self-
reported symptoms, midturbinate swabs (MTS), and saliva every 2 or 3 days. Ct values, viral
load, and frequency of viral detection by MTS and saliva were compared. Fifty-eight con-
tacts provided 200 saliva-MTS pairs, and 14 contacts (13 with symptoms) had one or more
positive samples. Saliva and MTS had similar rates of viral detection (P = 0.78) and substan-
tial agreement (k = 0.83). However, sensitivity varied significantly with time since symptom
onset. Early on (days 23 to 2), saliva had 12 times (95% CI: 1.2, 130) greater likelihood of vi-
ral detection and 3.2 times (95% CI: 2.8, 3.8) higher RNA copy numbers compared to MTS.
After day 2 of symptoms, there was a nonsignificant trend toward greater sensitivity using
MTS. Saliva and MTS demonstrated high agreement making saliva a suitable alternative to
MTS for SARS-CoV-2 detection. Saliva was more sensitive early in the infection when the
transmission was most likely to occur, suggesting that it may be a superior and cost-effec-
tive screening tool for COVID-19.

IMPORTANCE The findings of this manuscript are increasingly important with new variants
that appear to have shorter incubation periods emerging, which may be more prone to
detection in saliva before detection in nasal swabs. Therefore, there is an urgent need to
provide the science to support the use of a detection method that is highly sensitive and
widely acceptable to the public to improve screening rates and early detection. The manu-
script presents the first evidence that saliva-based RT-PCR is more sensitive than MTS-based
RT-PCR in detecting SARS-CoV-2 during the presymptomatic period – the critical period for
unwitting onward transmission. Considering other advantages of saliva samples, including
the lower cost, greater acceptability within the general population, and less risk to health
care workers, our findings further supported the use of saliva to identify presymptomatic
infection and prevent transmission of the virus.
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The U.S. Centers for Disease Control and Prevention (CDC) recommends the use of upper
respiratory specimens, including but not limited to nasopharyngeal, midturbinate nasal,

anterior nasal, and saliva specimens for the initial diagnosis of coronavirus disease 2019
(COVID-19) (1). Although nasopharyngeal swabs (NPS) are the standard for the detection of
SARS-CoV-2 by most researchers, collection requires the use of trained professionals, can
cause discomfort to the patients, and may pose greater risks to health care workers during
sample collection (1–4). Midturbinate swabs (MTS) are sometimes used as an alternative to
NPS to reduce patient discomfort and occupational exposures to health care workers (4–6).
NPS is inserted into the nostril with a distance approximating that from the patient’s nostril
to the ear, and anterior nasal swabs are inserted to a depth of one to one and a half

Editor Heba H. Mostafa, Johns Hopkins
Hospital

Ad Hoc Peer Reviewer Delphine Dean,
Clemson University

Copyright © 2022 Lai et al. This is an open-
access article distributed under the terms of
the Creative Commons Attribution 4.0
International license.

Address correspondence to Filbert Hong,
dmilton@umd.edu, or Donald K. Milton,
dmilton@umd.edu.

The authors declare no conflict of interest.

Received 12 January 2022
Accepted 17 February 2022
Published 21 March 2022

March/April 2022 Volume 10 Issue 2 10.1128/spectrum.00128-22 1

RESEARCH ARTICLE

https://orcid.org/0000-0001-5705-0138
https://orcid.org/0000-0003-3196-4083
https://orcid.org/0000-0003-2289-5119
https://orcid.org/0000-0002-7008-142X
https://orcid.org/0000-0002-0550-7834
https://orcid.org/0000-0002-8631-2640
https://orcid.org/0000-0002-8631-2640
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://doi.org/10.1128/spectrum.00128-22
https://crossmark.crossref.org/dialog/?doi=10.1128/spectrum.00128-22&domain=pdf&date_stamp=2022-3-21


centimeters, a MTS represents a less invasive alternative to the NPS and is inserted to a
depth of about two centimeters (1). The CDC removed its preference for NPS in April of 2020
(7) and, presumably, MTS and anterior nasal swabs are utilized more widely, but this has not
been studied to our knowledge. Compared to the swab-based collection, saliva is less invasive,
more affordable, and can be self-collected with minimal or no supervision (1, 8, 9).

Existing studies focusing on the sensitivity of NPS compared to MTS, and NPS compared
to saliva have produced contradictory results (2, 4, 10–12). Few studies directly compare sa-
liva and MTS specimens. Furthermore, there is strong evidence that presymptomatic trans-
mission results in higher secondary attack rates than both symptomatic and asymptomatic
transmission (13, 14). However, most of the existing studies only looked at the detection of
symptomatic cases after symptom onset (2, 4, 10, 11) and few looked at detection sensitivity
starting with the presymptomatic period. Therefore, research that conducts a direct compar-
ison of MTS and saliva, including an assessment of sensitivity over time (starting during the
presymptomatic period), is critical to identifying optimally sensitive methods for early detec-
tion and effective control of SARS-CoV-2 transmission.

The purpose of this study was to compare the sensitivity of MTS and saliva speci-
mens for detecting SARS-CoV-2 by actively following close contacts of COVID-19 cases
and collecting MTS and saliva samples for real-time reverse transcription PCR (RT-PCR)
during their postexposure quarantine period.

RESULTS

We enrolled 58 individuals with known close contact with an active COVID-19 case.
Contacts provided a total of 200 saliva and MTS pairs. The number of days of sample collec-
tion per participant ranged from one to seven. Among the contacts, 14 (24%) had at least one
positive sample, including 11 with both positive saliva and MTS samples throughout follow-
up. One contact had only positive saliva on 3 out of 3 samples (on days 23, 0, and 1 post-
symptom onset) and 2 had only positive MTS samples. One was positive on 2 of 2 swabs (on
days 7 and 10) and another was positive on 1 of 5 swabs (day 21; negative on days 14, 17, 19,
and 24). Most of the participants (91%) were unvaccinated at the time of their first sample
collection. Two participants were infected with the alpha variant (B.1.1.7) while all the other
positive participants were infected with earlier strains of SARS-CoV-2. Most of the positive
participants (92.9%) were symptomatic, whereas only one (2.3%) participant from the test
negative group reported symptoms. Symptomatic participants were enrolled at 23 to
14 days since symptom onset and gave samples for up to 24 days from onset of symp-
toms. Symptoms were mild across the follow-up period. One participant had an oral
temperature $ 38°C at the time of sampling, three had temperatures $ 37.8°C, six had
temperatures $ 37.5°C, and all of these were in the positive group. No other significant
differences were identified between the positive and negative groups (Table 1).

Viral RNA detection in and agreement between saliva andMTS. Among 200 pairs of
saliva and MTS samples, we detected viral RNA in the saliva of 32 (16%) and the MTS of 29
(14.5%) samples. The frequency of detection was similar for both sample types (P = 0.781)
(Table S1). Cohen’s kappa demonstrated substantial agreement (k = 0.83) with 26 (14%)
positive and 165 (82.5%) negative sample pairs (Table 2). The 14 participants who became
positive by either sample type during the follow-up period provided 41 saliva-MTS sample
pairs, among which 71% of MTS and 78% of saliva samples were positive (Table S2), without
respect to time since symptom onset. When focusing on positive participants, however,
the agreement was weak (k = 0.43 for all and k = 0.42 for those who were symptomatic)
(Table S3A and B).

Comparison of Ct (cycle threshold) values between saliva and MTS. Each RT-PCR
contained 10 mL of heat-treated saliva sample or RNA extracted from MTS. Assuming no loss
in the process, each reaction represented 7.78mL of a saliva sample or 40mL of the MTS elu-
ate. The Ct values for paired samples were highly correlated (rho = 0.84, r2 = 0.74, Fig. 1A). The
Ct values for saliva were on average slightly but significantly greater than for MTS samples
(mean difference = 0.64, P = 0.01) among all 58 participants (see Fig. 1B and Fig. S1), partially
reflecting the difference in their input amounts.
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Relationship between days since symptom onset, probability of detection, and
viral RNA copy numbers. The Ct values among the positive symptomatic participants
increased over time (days23 through 24), along with decreasing viral RNA copy numbers.
Saliva tended to have lower Ct values and higher viral RNA copy numbers compared to
MTS from days 23 to 1.5, whereas MTS samples had lower Ct values and higher viral load
thereafter (Fig. 2A and B).

Among symptomatic participants who had one or more positive saliva or MTS samples,
the probability (sensitivity) of detecting viral RNA in saliva samples was 91% (10/11) from day
23 to day 2 (Table 3), was 89% (16/18) from day 3 through 8, and declined significantly there-
after (Fig. 2C and Fig. S2). The probability of detecting the virus in MTS samples from day23
through day 2 was 45% (5/11), was 94% (17/18) from day 3 through 8, and then declined.

Early in the course of infection (days23 through 2) saliva had 12 times the odds of being
positive (95% CI: 1.2, 130) and 3.2 times higher viral RNA copy numbers (95% CI: 2.8, 3.8)

TABLE 2 Viral RNA detection in paired saliva and MTS samples from all participants (N = 58)a

Saliva positive

MTS positive

TotalNo Yes
No 165 3 168
Yes 6 26 32

Total 171 29 200
aCohen’s Kappa between the two sample types was calculated as k = 0.83.

TABLE 1 Characteristics of the study population

Characteristic Never positive Positive for MTS or saliva All participants
No. of participants 44 14 58
No. of sample pairs 159 41 200
No. of days of sample collection per participant, median (range) 4 (1, 7) 3 (1, 6) 3 (1, 7)
Female, N (%) 20 (46) 8 (57) 28 (48)
Age, mean6 SD 26.56 15.5 27.36 13.8 26.76 15

Age group, N (%)
,18 2 (4) 1 (7) 3 (5)
18-45 38 (86) 11 (79) 49 (84)
.45 4 (9) 2 (14) 6 (10)

White, N (%) 30 (68) 11 (79) 41 (71)
BMI, mean6 SD 25.66 4.9 25.26 4.4 25.56 4.7
Chronic respiratory illnessa, N (%) 17 (39) 5 (36) 22 (38)
Ever smoker, N (%) 1 (2) 1 (7) 2 (3)

Vaccination statusb, N (%)
No vaccination 39 (89) 14 (100) 53 (91)
$14 days after 1st shot 3 (7) 0 (0) 3 (5)
$14 days after second shot 2 (4) 0 (0) 2 (3)

Ever symptomaticc, N (%) 1 (2) 13 (93) 14 (24)

Symptomatic participants
Days since symptom onset at enrollment, median (range) 2 (NAe) 3 (23, 14) 2.5 (23, 14)
Overall days since symptom onset of sample collection, median (range) 6.5 (2, 12) 5 (23, 24) 5 (23, 24)
Loss of taste/smell, N (%) 0 2 (15) 2 (14)
Median upper respiratory symptomsd (IQR) 3 (1.2, 6.2) 2 (0, 3) 2 (0.2, 3)
Median lower respiratory symptoms (IQR) 0 (0, 0) 0 (0, 1) 0 (0, 1)
Median systemic symptoms (IQR) 0.5 (0, 1.8) 0 (0, 1.2) 0 (0, 1.8)
Median gastrointestinal symptoms (IQR) 0 (0, 0) 0 (0, 0) 0 (0, 0)
Temperature, mean celsius6 SD 376 0.3 37.26 0.5 37.26 0.4

aChronic respiratory illness = volunteers with any chronic obstructive pulmonary disease, asthma, or other lung diseases.
bVaccination status was summarized at the time of participants’ first sample collection. No vaccination includes 2 persons,14 days after 1st shot.
cGroup comparison, P, 0.05.
dSymptoms at the time of each sample collection visit. Sixteen individual symptoms were rated from 0 to 3. Systemic (max score of 12) = malaise1 headache1muscle/
joint ache1 sweats/fever/chills; gastrointestinal (max score of 12) = loss of appetite1 nausea1 vomit1 diarrhea; lower respiratory (max score of 9) = chest tightness1
shortness of breath1 cough; upper respiratory (max score of 15) = runny nose1 stuffy nose1 sneeze1 earache1 sore throat.

eNA, not applicable.
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compared to MTS. There was a trend toward greater sensitivity and higher viral RNA copy
numbers in MTS than saliva samples after day 2 post-onset of symptoms (Table 3).

Asymptomatic case. Only one participant from our study population was an asymptom-
atic case. They provided one pair of saliva and MTS samples, both of which were positive, with
an average Ct value of 25.8 for MTS and 34.7 for saliva (Table S4).

DISCUSSION

Early in the course of infection, saliva was significantly more sensitive than midturbinate
nasal swabs (MTS). We found that the optimal performance of saliva was in the presympto-
matic period and was more sensitive than MTS before symptom onset. Several studies have
shown that presymptomatic transmission plays a more important role than symptomatic and
asymptomatic transmission in the spread of SARS-CoV-2 (13, 14). Furthermore, saliva tended
to have lower Ct values and higher viral load compared to MTS from the presymptomatic pe-
riod through the first days after symptom onset. Together, these findings suggest that saliva
may be the most effective method for detecting SARS-CoV-2 early during infection.

The CDC and the Infectious Disease Society of America recommend that COVID-19
testing allow MTS, NPS, oral swabs, anterior nasal swabs, and saliva swabs as well as saliva
(1, 15). Some studies have shown differences in the sensitivity between NPS and MTS. In
older, more acutely ill populations, NPS appears to be more sensitive than MTS, especially
later in the course of illness (greater than 7 days) (4, 10). In a study of ambulatory and symp-
tomatic participants whose ages were more evenly distributed, NPS and MTS swabs were
highly correlated with a mean of 7 days since the onset of symptoms (16). Congrave-Wilson

FIG 1 Association between Ct values of saliva and MTS samples. Data were from 58 participants and 400 samples. (A) Scatterplot of Ct values of saliva and
MTS. (B) Bland-Altman plot for comparison of saliva and MTS.
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et al. (2), in agreement with the current study, found that saliva had the highest sensitivity in
the first 7 days post COVID-19 onset when using NPS. Similarly, Savela et al. (17) noticed
that although the peak viral load of SARS-CoV-2 in nasal swabs was higher than saliva, the
latter was more likely to be positive in the first 6 days since the participants’ first positive
sample was detected. Becker et al. (18) compared the sensitivity of saliva and NPS for detect-
ing COVID-19 in a convalescent cohort of 8 to 56 days since the first symptom and found
that NPS performed better. They also showed that saliva was about 30% less sensitive than
NPS in a separate diagnostic cohort. However, days since symptom onset were not reported,

FIG 2 The change of Ct values and probability of testing positive by days since symptom onset. Data were for MTS and saliva samples from 13
participants who provided a total of 40 pairs of samples and had one or more samples positive for SARS-CoV-2 RNA. (A) Change of Ct values by days since
symptom onset. (B) Change of viral RNA copy numbers (natural log scale) by days since symptom onset. (C) Probability of being tested positive by days
since symptom onset estimated from a generalized additive logistic model.

TABLE 3 Sensitivity of saliva and MTS and relative odds of detection and ratio of viral RNA copy numbers of SARS-CoV-2 in saliva by day since
symptom onset among 13 mildly symptomatic contacts of known cases

Days since symptom onseta
Saliva positive/N
(Sensitivity %)

MTS positive/N
(Sensitivity %) Odds ratiob saliva: MTS Estimatesc saliva: MTS

All samplesd 31/40 (78) 28/40 (70) 1.5 (0.54, 4) 0.083 (0.069, 0.099)
23 through 2 10/11 (91) 5/11 (45) 12 (1.2, 130) 3.2 (2.8, 3.8)
3 through 8 16/18 (89) 17/18 (94) 0.47 (0.037, 6) 0.03 (0.026, 0.036)
9 through 24 5/11 (45) 6/11 (55) 0.7 (0.13, 3.8) 0.065 (0.057, 0.073)
aDays since symptom onset inclusive of the start and end day.
bOdds ratios and their 95% confidence intervals were estimated using logistic regression.
cEffect estimates and their 95% confidence intervals are shown as the ratio of RNA copy numbers of saliva to MTS. Analyses were controlled for random effects of subjects
and sample nested within the subjects and for censoring by the limit of detection using a linear mixed-effects model for censored responses (R Project lmec package).
dAll samples from the 13 mildly symptomatic contacts of known cases with days since symptom onset from day23 through day 24.
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so we cannot make a direct comparison with our findings. Finally, a systematic review by
Bastos et al. (12) found that saliva had similar sensitivity to NPS and costs less.

Our findings have implications for improving public acceptance of COVID-19 testing,
reducing the cost of mass COVID-19 screening, and improving the safety of health care
workers who conduct testing. These findings are extremely important when considering
large-scale screening of COVID-19 in schools and workplaces. In addition to its higher sensi-
tivity in the early stage of the disease as demonstrated in our data, saliva has quite a few
other advantages that make it an appealing screening tool. Saliva collection is less invasive
and more acceptable to the general population (8, 19). One of the barriers hindering COVID-
19 testing is people’s fear of nasal swabs due to misinformation (20). In addition, the discom-
fort brought by nasal swabs may reduce people’s willingness to get tested regularly, espe-
cially among children (21, 22). With the use of saliva, screening large groups with increased
frequency may be more practicable. Saliva is less expensive than swab-based methods,
especially if pooled samples are used (12, 23). Bastos et al. (12) estimated that using saliva
saved more than $600,000 in comparison to using NPS when sampling 100,000 individuals
and using a method that was more expensive than the SalivaDirect method used here.
These cost savings are especially important in the context of low-resource settings.

Saliva collection is also safer for health care workers (HCWs). Amid the pandemic, one of
the key concerns among HCWs is the occupational exposure to SARS-CoV-2 aerosols during
some medical procedures (24). The collection of nasal swabs introduces such exposure via
the close interaction between patients and HCWs and by patients’ coughing and sneezing
because of the procedures (25). In contrast, saliva is the only upper respiratory specimen
suggested by the CDC that can be self-collected without supervision (1) and, hence, protects
HCWs from directly contacting the patients when the samples are being collected. Given all
these advantages of saliva compared to NPS, our findings further support the use of saliva
for large-scale screening, especially of presymptomatic patients.

With that, we should also note that self-collected saliva samples may have limitations
in some settings where MTS or anterior nasal swabs might be preferable. For small chil-
dren or people with intellectual and developmental disabilities (IDD), the collection of sa-
liva may require supervision or assistance (26). However, in a study with students and staff
from six schools dedicated to children with IDD as the study population, investigators
found that with the help of nurses and teachers, saliva samples could be collected from
students for weekly testing (26). In addition, for some people, especially those who are
febrile or dehydrated, the saliva samples could be thick and stringy, hence adding diffi-
culty and additional procedures for the laboratory staff to process the samples (27, 28).

The current study has several limitations. The contacts enrolled in this study who
eventually tested positive for SARS-CoV-2 developed mild, and in some cases, transient
infections. Some of these mild (low viral titer) infections would not have been detected
by less frequent testing protocols and may not have posed a risk for onward transmis-
sion. The sample size of those who tested positive is relatively small. Only one asymp-
tomatic case was identified in our study so we could not compare the sensitivity of the
two types of samples among asymptomatic COVID-19 cases. Previous studies demon-
strated that both saliva (29) and MTS (30) were able to detect SARS-CoV-2 in asymp-
tomatic cases in large screening programs. However, when comparing the sensitivity
of saliva with that of nasal swabs, the evidence was mixed in previous analyses (2, 11)
and further studies are needed to clarify this issue.

Future research should focus on the development of rapid saliva tests with high
sensitivity and specificity. Tng et al. (31) proposed an amplified parallel antigen rapid
test (AP-ART) using saliva to test SARS-CoV-2 with a turnaround time of only 30 min.
This test was reported to have a sensitivity as high as 97%. However, the researchers
did not compare this AP-ART with saliva-based RT-PCR but instead NPS-based RT-PCR
and estimated the specificity of this test to be only 90%. As our study showed, this is
likely an underestimate of specificity because saliva can be more sensitive than nasal
swabs early in the course of the infection. Hence, further studies are needed to evalu-
ate saliva rapid tests with a reference method that is also based on saliva.
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In conclusion, the use of saliva is preferable for testing presymptomatic populations. It is
more acceptable to people, which reduces barriers to testing. It is also more cost-effective
for individuals to collect their saliva rather than using highly trained professionals to collect
NPS and/or MTS. Finally, self-collected saliva samples eliminate the exposure to aerosols pro-
duced by sneezing, coughing, and gagging of patients undergoing NPS/MTS.

MATERIALS ANDMETHODS
Study population. We analyzed MTS and saliva sample data from individuals who reported close

contact with confirmed COVID-19 cases as part of the University of Maryland StopCOVID study (32) from
May 2020 to April 2021.

Questionnaire and sample collection. Participants were followed every two or three days for up to
14 days from their last exposure or until SARS-CoV-2 was detected in their samples. If one or more of
their screening samples became positive, results were confirmed by an appropriate clinical diagnostic
test, and they were recruited to participate in the exhaled breath aspect of the study that also involved
the collection of saliva and MTS (32). On each day of sample collection, participants answered an online
questionnaire to update their current symptoms and medications. Those who reported having any
symptoms also reported their symptom onset date (i.e., “When did you begin to feel sick?”).

The symptoms checklist in the baseline and follow-up questionnaires, as previously described (32), included
a runny nose, stuffy nose, sneezing, sore throat, earache, malaise, headache, muscle and/or joint ache, sweat/
feverish/chills, nausea, loss of appetite, vomiting, abdominal pain or diarrhea, chest tightness, shortness of breath,
and cough. Participants were self-reported for each of these 16 symptoms on a scale of 0 to 3 (0 = “no symp-
toms,” 1 = “just noticeable,” 2 = “clearly bothersome from time to time, but didn’t stop me from participating in
activities,” 3 = “quite bothersomemost or all of the time and stopped me from participating in activities”).

For saliva collection, participants were instructed to not eat or drink 30 min before the visit and then
collect approximately 0.5 to 1 mL of saliva drooled into a plastic collection tube. For MTS collection,
trained clinical staff inserted a midturbinate swab approximately 1.5 to 2 in. into one of the participants’
nostrils, rotated once, and then withdrew. This procedure was repeated in the other nostril for a total of
two MTS per participant per visit.

Laboratory analyses. Saliva samples were processed using the SalivaDirect method (9) as previously
described (32). Briefly, 50 mL of individual saliva samples were treated with proteinase K (New England
Biolabs), heated at 95°C for 5 min, and kept at 4°C. MTS from both nostrils were combined and processed as
previously described (32). Briefly, total nucleic acid was extracted from 200mL of MTS with MagMax Pathogen
RNA/DNA kit (Applied Biosystems) on KingFisher Duo Prime (Thermo Fisher Scientific), following the manufac-
turer's protocols. The sample was eluted in 50 mL of elution buffer and kept at 4°C. MS2 phage was spiked in
each heat-treated saliva sample and extraction to control for extraction and PCR failure. RT-PCR was set up on
the same day with each reaction consisting of 1� TaqPath 1-Step Master Mix, No ROX, 1� TaqPath COVID-19
Real-Time PCR Assay Multiplex (both from Thermo Fisher Scientific), and 10mL of heat-treated saliva or eluted
nucleic acids. Each PCR plate contained a positive-control provided in the TaqPath COVID-19 Combo kit
(Thermo Fisher Scientific) and a no template control. Viral loads in saliva and MTS were quantified as previously
described (32). RNA copy numbers were reported per mL for saliva and per sample for MTS. The limit of detec-
tion was 75 copies per sample and the limit of quantification was 250 copies per sample. A positive sample
was defined as having Ct values ,40 for at least 2 out of 3 SARS-CoV-2 targets (ORF1ab, N gene, and S gene)
(33). The average Ct values of all positive targets were used in the following analyses.

Statistical analyses.We analyzed only paired same-day saliva and MTS samples to ensure the com-
parability of the two samples. Group comparisons were made between participants having a positive result for ei-
ther sample and those with both samples being negative. Continuous variables (age and body mass index [BMI])
were compared using t test, and categorical variables were compared using the Chi-square test (sex and chronic
respiratory illness) and Fisher’s exact test (age group, race, ever smoker, and vaccination status).

To compare the Ct values from saliva and MTS, we conducted paired t test and Bland-Altman analysis and
calculated the coefficient of determination (i.e., R squared from linear regression) and Pearson correlation coef-
ficient. The Chi-square test was used to explore the relationship between detection and sample types. Cohen’s
Kappa was calculated to demonstrate the degree of agreement between the two sample types.

For participants with a positive saliva or MTS sample, we used a generalized additive logistic model
(34) to estimate and plot the probability of having a positive result by days since symptom onset for the
two sample types. We also created a plot using the LOESS (locally weighted smoothing) method with a
95% confidence interval for the change of Ct values and viral RNA copy numbers by days since symptom
onset for the two sample types. Logistic regression was used to estimate the relative odds of detection
of SARS-CoV-2 in saliva over specified intervals since symptom onset.

For the estimate of geometric means of viral RNA copy numbers and the ratio of RNA copy numbers of saliva
to MTS, we applied linear mixed-effect models with censored responses (35, 36) to handle censored observations
below the limit of detection and control for random effects of subjects and sample nested within subjects.

All the analyses were carried out using RStudio and R (version 4.0.4) (37).
Ethics statement. This study was approved by the University of Maryland Institutional Review Board

and the Human Research Protection Office of the Department of the Navy. Electronically signed informed con-
sent was obtained from all participants and questionnaire data were collected and stored with REDCap (38).

Data availability. The data sets generated during and/or analyzed during the current study were
deposited at Open Science Framework (OSF) repository (https://osf.io/9yp3z/).
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SUPPLEMENTAL MATERIAL

Supplemental material is available online only.
SUPPLEMENTAL FILE 1, PDF file, 0.4 MB.
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