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which was doubted by previous data suggesting higher viral loads for Omicron in the saliva.

The study was based on a reasonable number of specimens (n= 250) and both the study design and generated data are sound.
Some points need clarification:

1) Authors say that saliva were kept on room temperature for up to 14 days prior to RNA extraction (kit's manufactures'
recommendation). It seems quite an extended amount of time to keep saliva containing enveloped viral particles without
reducing the amount of viable viral particles. Have authors conducted experiments to assure the viability of these samples?
Wouldn't that explain the lower viral load? What was the average time from collection to nucleic acid extraction for samples
tested? It was not clear from the sentence that NSP samples were kept at 4C also up to 14 days? Again, seems quite an
extensive period to keep viral particles viable.

2) Authors mentioned 9 saliva and NPS samples kept for 3 days at 4C after extraction, since RNA is chemically liable and
consequently heat degradable, it should be mentioned how these samples performed in RT-qgPCR.

3) Why is the difference between NPS and saliva on the range of 5-6 Cts higher for E and S targeted genes, but only 2 Cts for
the Sdel? is the Median for Sdel in saliva calculated correctly, since the IQR had such a high range? Could authors comment on
this data? Also, what was the relevance of using S as target with primers/probe sets to distinguish the del69-70 if this specific
wasn't shown?

4) Authors should provide a figure or table showing the discordant samples in each RT-qPCR assay they performed, were they
the same? Did it vary according to the assay or the sample? How was the internal control performance for discordant samples?
5) In lanes 208-211 authors mention that Ct values in saliva were lower for drinking, eating, etc before sample collection, but the
difference was not significant, thus they shouldn't say it was different! The sentence should be rephrased to better describe the
finding.

6) Authors affirm that the time-of-day saliva was collected make no difference for diagnostics, however, no data was shown,
specifically, how many periods were evaluated? how were they determined? how many samples foreach period were analyzed?
This set of data is of relevance and should be shown.

As a minor observation, the mean age and standard deviation of participants should not be mentioned on the abstract.
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The manuscript by Ahti and co-workers adds another piece of evidence regarding the diagnostic detection
of SARS-CoV-2 Omicron (subvariant BA.2) in NPS versus saliva. The authors well demonstrated that
although the coefficient of correlation showed good agreement no matter what RT-qPCR kit used (either
lab-based or commercial), the Ct ranges when comparing the two types of samples showed a significative
higher viral load on NPS, which demonstrates that saliva can be a less sensitive type of sample for SARS-
CoV-2 diagnostics, even considering the Omicron circulation. The data also helps to add to the evidence
in the field showing that the nasopharyngeal compartment will harbor higher viral loads during SARS-
CoV-2 infection, which was doubted by previous data suggesting higher viral loads for Omicron in the
saliva.

The study was based on a reasonable number of specimens (n= 250) and both the study design and
generated data are sound.

Some points need clarification:

1) Authors say that saliva were kept on room temperature for up to 14 days prior to RNA extraction
(kit’s manufactures’ recommendation). It seems quite an extended amount of time to keep saliva
containing enveloped viral particles without reducing the amount of viable viral particles. Have
authors conducted experiments to assure the viability of these samples? Wouldn’t that explain the
lower viral load? What was the average time from collection to nucleic acid extraction for
samples tested? It was not clear from the sentence that NSP samples were kept at 4C also up to 14
days? Again, seems quite an extensive period to keep viral particles viable.

2) Authors mentioned 9 saliva and NPS samples kept for 3 days at 4C after extraction, since RNA is
chemically liable and consequently heat degradable, it should be mentioned how these samples
performed in RT-qPCR.

3) Why is the difference between NPS and saliva on the range of 5-6 Cts higher for E and S targeted
genes, but only 2 Cts for the Sdel? is the Median for Sdel in saliva calculated correctly, since the
IQR had such a high range? Could authors comment on this data? Also, what was the relevance
of using S as target with primers/probe sets to distinguish the del69-70 if this specific wasn’t
shown?

4) Authors should provide a figure or table showing the discordant samples in each RT-qPCR assay
they performed, were they the same? Did it vary according to the assay or the sample? How was
the internal control performance for discordant samples?

5) Inlanes 208-211 authors mention that Ct values in saliva were lower for drinking, eating, etc
before sample collection, but the difference was not significant, thus they shouldn’t say it was
different! The sentence should be rephrased to better describe the finding.

6) Authors affirm that the time-of-day saliva was collected make no difference for diagnostics,
however, no data was shown, specifically, how many periods were evaluated? how were they
determined? how many samples foreach period were analyzed? This set of data is of relevance
and should be shown.

As a minor observation, the mean age and standard deviation of participants should not be mentioned on
the abstract.
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Why was LDT chosen as one of the ways
to test target genes? Was validation of
LDT with two commercial kits one of the
objectives? IF yes, it is not mentioned in
the objectives of the study?

Abstract

Saliva is a promising alternative for nasopharyngeal swab (NPS) in specimen collection to detect
SARS-CoV-2. We compared the diagnostic performance and tolerability of saliva collection
versus NPS in a clinical setting. Paired NPS and saliva specimens were collected sequentially
from participants (n = 250) at Turku University Hospital drive-in coronavirus testing station in
spring 2022 with Omicron BA.2 as the dominant SARS-CoV-2 variant. Discomfort and
preference for the sampling method were assessed. The specimens were analyzed for SARS-
CoV-2 by real-time multiplex RT-PCR (RT-qPCR) with a laboratory-developed test (LDT) and two
commercial kits (PerkinElmer SARS-CoV-2 and PerkinEImer SARS-CoV-2 Plus) for several target
genes. Among the 250 participants (mean age, 38 [standard deviation (SD), 13] years) 246 had
respiratory symptoms. With LDT, SARS-CoV-2 was detected in 135 and 134 participants from
NPS and saliva, respectively. Of the 250 specimens, 11 gave a discordant outcome, resulting in
an excellent agreement between the specimen types (Cohen’s kappa coefficient 0.911; P =
0.763). Cycle threshold (Cr) values of LDT and commercial kit target genes were significantly
lower from NPS than saliva. A total of 172 (69%) participants assessed saliva sampling as more
tolerable than NPS (P < 0.0001). Our findings present saliva as an applicable alternative for
SARS-CoV-2 diagnostics. However, the lower Cr values obtained from NPS indicate that NPS
may be a slightly more sensitive specimen type. Participants preferred saliva sampling, although

delivering an adequate volume of saliva was challenging for some participants.

Importance

Extensive testing of SARS-CoV-2 is vital in controlling the spread of COVID-19. The reference
standard for specimen collection is a nasopharyngeal swab (NPS). However, the discomfort of

NPS sampling, the risk of nosocomial infections, and global material shortages have accelerated
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the development of alternative testing methods. Our study demonstrates that patients tolerate
saliva sampling better than NPS. Of importance, although the RT-PCR qualitative test results
seem to correspond between NPS and saliva, we show significantly lower Cr values for NPS
compared to saliva, thus contradicting the saliva specimen’s suggested superiority over NPS in
the detection of Omicron variants of SARS-CoV-2. Future research is still required to enable
individual planning for specimen collection and to determine the effect of different SARS-CoV-2

variants on the sensitivity of the saliva matrix.
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Introduction

Widescale diagnostic testing of severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2)
has been a crucial method in controlling the spread of COVID-19 [1, 2]. At present, the
reference standard for diagnostic testing of SARS-CoV-2 is the reverse transcriptase polymerase
chain reaction (RT-PCR) test performed on a specimen collected from the nasopharynx [2].
Although nasopharyngeal swab (NPS) sampling is the recommended method for diagnostic
specimen collection, there are some challenges in the sample collection procedure, highlighting

the importance of alternative testing method development [3, 4].

Complications of NPS collection are rare and are often associated with
predisposing conditions such as previous rhino surgery, septal deviation, and coagulopathy [5,
6]. These complications range from mild epistaxis to potentially fatal cerebrospinal fluid leakage
[5-8]. While nearly all the examinations succeed without complications, most of the patients
find testing at least uncomfortable or even painful [9, 10]. This might decrease patients’
willingness to sample with NPS [10]. Additionally, specimen collection requires close contact
with healthcare workers, thus increasing the risk of nosocomial transmission [11, 12]. According
to recent studies, saliva might be an applicable alternative for the diagnostics of SARS-CoV-2 by
RT-PCR in terms of diagnostic accuracy and ease of collection [11-25]. Some studies have
reported saliva as a more sensitive matrix than NPS for diagnostic testing of the Omicron

variants of SARS-CoV-2 [26-28], while others have reported contradictory results [25].

We compared the diagnostic performance of saliva and NPS specimens in the
detection of SARS-CoV-2 with RT-PCR in an outpatient setting at the Turku University Hospital
drive-in coronavirus testing station by using a laboratory-developed test (LDT) and two

commercial kits. At the time of specimen collection, Omicron BA.2 was the dominant SARS-CoV-
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2 variant. To evaluate the tolerability of saliva and NPS sampling, participants were asked to
assess both sampling methods with a discomfort scale and select the preferred sampling
method. Additionally, we assessed factors that might influence the sensitivity of saliva

sampling.

Materials and Methods

Study population and conduct

We recruited participants at a COVID-19 drive-in testing station of the Turku University
Hospital, Turku, Finland. The recruitment period took place between March 9 and April 19,
2022, when the local COVID-19 epidemic activity was high with Omicron BA.2 as the dominant
SARS-CoV-2 variant. According to the Finnish guidelines concerning SARS-CoV-2 testing, the
population attending ambulatory SARS-CoV-2 testing mostly consisted of healthcare workers
and patients at risk for developing severe COVID-19. The inclusion criteria were: 1) the
Participant attends a COVID-19 testing station of the Turku University Hospital for SARS-CoV-2
testing; 2) the Participant is > 10 years of age; 3) the Participant fluently understands and
speaks Finnish (consent forms for the study offered only in Finnish). The exclusion criterium

was previous participation in this study.

NPS specimens were collected using the Bioer sample collection kit (transport
tube with 2 ml of sample preservative fluid; Hangzhou Bioer Technology, Hangzhou, China)
according to the instructions of the Turku University Hospital by the attending nurses. Saliva
specimens were collected with the DNA/RNA Shield™ Saliva/Sputum Collection Kit (Zymo
Research, USA) according to the kit instructions. In detail, after NPS had been collected, the

study nurse informed participants of the study and those willing to participate signed written
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consent. The study nurse asked for the following information: presence of symptoms (if any;
symptoms in detail and their duration); and possible eating, drinking, smoking, using
mouthwash, or brushing teeth during 30 minutes before specimen collection. Before saliva
sampling, participants were asked to rinse their mouths with water. The study nurse then
instructed participants on how to produce a saliva specimen (whole saliva collected by passive
drooling). The date and time of the specimen collection were recorded. The collected saliva
specimen volume was 2 ml, which was mixed with 2 ml of DNA/RNA shield buffer vigorously
inverting 10 times. If the participant could produce less than 2 ml of saliva, DNA/RNA shield

buffer was added in the amount 1:1 to the collected saliva specimen volume.

To evaluate the discomfort associated with NPS and saliva sampling, participants
were asked to assess the discomfort caused by each sampling method on a scale from 1 (no
discomfort) to 5 (extreme discomfort). After this, the study nurse asked which sampling

method the participant would prefer if further COVID-19 testing was needed.

The study protocol was approved by the Ethical Committee of the Hospital District
of Southwest Finland (no. 103/1801/2021). All the study participants provided written informed
consent before enrollment. Regarding children < 15 years of age, the parent of the child also

provided written informed consent.

Diagnostic methods

For nucleic acid extraction and PCR, the specimens were collected in batches of 90 specimens.
NPS specimens were stored at +4 °C and saliva specimens at room temperature according to
instructions of the specimen collection kit for a maximum of 14 days. Prior to extraction, saliva

specimens were heated at 37 °C for 10 min. Nucleic acids from 300 ul aliquots of the specimens

6
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were extracted with PerkinEImer Chemagic™ 360 Nucleic Acid Extractor and PerkinElmer
Chemagic™ viral DNA/RNA 300 H96 kit (Wallac Oy, PerkinElmer, Finland), using an elution
volume of 90 pl. Extracted RNA of 32 NPS and saliva specimens were stored at -70 °C for six
days due to a strike causing a lack of laboratory personnel to run the specimens. Extracted RNA
of nine NPS and saliva specimens were stored at +4 °C for three days due to a weekend.

A laboratory-developed SARS-CoV-2 real-time multiplex RT-PCR (RT-qPCR) was
performed using WHO-recommended primers and probe for the diagnostic target, E gene [29],
and S gene targets for analyzing the prevalence of SARS-CoV-2 variants (Table 1). S gene PCR
was based on laboratory-designed primers and two competing probes that distinguished
whether there was an H69-V70 deletion (Sqel) in the S gene sequence. To measure human
cellular material in the specimens, human B-actin mRNA was amplified (Table 1). The multiplex
RT-PCR was performed in 25 ul PCR reactions, using 9 pl of nucleic acid, Bioline SensiFAST probe
one-step master mix (Meridian Bioscience, USA), and Mic gPCR cycler (Bio Molecular Systems,
Australia). The PCR program consisted of a 10 min RT step at 48°C, a 2 min denaturation at
95°C, and 45 cycles at 95°C for 5 s and 58°C for 30 s. The cycle threshold (Cr) results from the E
gene channel (FAM/green) with threshold set to 0.400 were interpreted as follows: Cr < 38
positive; Cr 38 to 39.9 low positive; Cr > 40 negative. The Crresults from the S gene channel
(Cy5/red) and Sqel channel (TexasRed/orange) were interpreted as follows: Cr< 42 positive; Cr >
42 negative. No fixed threshold levels could be set for the S gene channels due to varying
background fluorescence levels. Especially the Sqel channel presented a high and variable
background fluorescence due to cross-reaction with the S gene without deletion, and therefore
the Sqel Cr values are not proportional to the E gene Crvalues (Table 2).

The described LDT is the primary diagnostic test for COVID-19 in the Hospital

District of Southwest Finland. In routine diagnostics, the E gene is used as the diagnostic target,
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while S gene results (S gene with or without H69-V70 deletion) are used for distinguishing the
circulating SARS-CoV-2 variants and have been proven advantageous in detecting the
appearance of new variants.

Using the nucleic acids from the extractions described above, two commercial
SARS-CoV-2 RT-gPCR tests were performed with Bio-Rad CFX96 Real-Time Cycler, namely the
SARS-CoV-2 RT-qPCR Reagent kit targeting N and ORFlab genes (no. 3501-0010, Wallac Oy,
PerkinElmer, Finland) and the SARS-CoV-2 Plus (N/ORF1ab/E/S 69_70 del) RT-gPCR Reagent kit
targeting N gene and E gene (measured in the same channel), ORFlab, and Sqel for the

surveillance of SARS-CoV-2 variants (no. 3515-0010, Wallac Oy, PerkinElmer, Finland).

Statistical analysis

The statistical analyses were performed with JMP PRO version 16.2.0 (JMP, UK). Percentages
were compared with the X?test, means with (paired) two-sample t-test, and medians with the
Wilcoxon signed rank test. Cohen’s kappa coefficient was calculated to assess the agreement of
results between the specimen types. For the PCR tests performed on saliva specimens,
sensitivity, and specificity (with a 95% confidence interval [CI]) were calculated using the
respective PCR test result from NPS as the reference standard. Pearson’s or Spearman’s
correlation coefficients were used to correlate Cr values as applicable. When analyzing the Cr
values in cases where the PCR test was positive from only one specimen type, a Cr value of 40.0
was given for a negative LDT E gene result and for a negative PerkinElmer N and ORFlab gene
result, and a value of 42.0 for a negative LDT S gene result and LDT and PerkinElmer Sqel result.
The Cochran-Mantel-Haenszel test was used to evaluate the effect of eating, drinking, smoking,

using mouthwash, and brushing teeth on the qualitative results between specimen types.
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Binary logistic regression was used to evaluate the association between the time of day of

saliva specimen collection and the test result from saliva.

Results

We recruited a total of 250 participants. The mean age of participants was 38 (standard
deviation [SD], 13; range 12—77) years, and 187 (75%) were female. Majority of participants (N
= 246; 98 %) had respiratory or other symptoms suggesting the possibility of COVID-19. The
median duration of symptoms before collection of specimens was 2 days (interquartile range
[IQR], 1 to 3). Eighteen participants could not produce the saliva specimen volume of 2 ml;

three of them produced saliva < 1 ml.

With the LDT, SARS-CoV-2 was detected in 135 and 134 participants from NPS and
saliva, respectively, with excellent agreement between the specimen types (Cohen’s kappa
coefficient 0.911 [95% Cl, 0.860 to 0.963]; Table 3a). A total of 11 specimens gave discordant
results. In six participants, the LDT was positive only from NPS (E-gene Crvalues, 36.7, 30.5,
33.2,34.2,35.4, and 27.0). In five participants, the LDT was positive only from saliva (E-gene Cr
values, 28.0, 27.7, 31.8, 37.5, and 28.6). The sensitivity of the LDT from saliva was 95.6% (95%

Cl, 90.6% to 98.4%) and specificity 95.7% (95% Cl, 90.2% to 98.6%).

The LDT E gene Crvalues from NPS (median 20.5; IQR, 18.5 to 24.4) were
significantly lower than the E gene Crvalues from saliva (median 26.2; IQR, 22.3to0 29.5; P <
0.0001; Table 2; Fig. 1a). A moderate correlation was found in the E gene Crvalues between

NPS and saliva (r = 0.436; Fig. 2a).
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With the PerkinElmer SARS-CoV-2 kit (3501-0010), SARS-CoV-2 was detected in
141 and 136 participants from NPS and saliva, respectively, with excellent agreement between
the specimen types (Cohen’s kappa coefficient 0.911 [95% Cl, 0.860 to 0.962]; Table 3b). Similar
results were observed with the PerkinElmer SARS-CoV-2 Plus kit (3515-0010, Table 3c). With
the PerkinEImer SARS-CoV-2 kit, the N gene Crvalues from NPS (median 18.7; IQR, 16.9 to 22.6)
were significantly lower than the N gene Crvalues from saliva (median 28.3; IQR, 24.1to 31.6; P
< 0.0001; Table 2). With the PerkinEImer SARS-CoV-2 Plus kit, a similar difference was observed
in the N/E gene Crvalues between the specimen types (Table 2; Fig. 1b). The ORFlab Crvalues
from NPS were significantly lower than the ORFlab Cr values from saliva with both kits (Table 2;

Fig. 1c), and moderate correlation was found between the specimen types (Table 2; Fig. 2c).

Among saliva specimens, an excellent agreement was observed between the LDT
E gene Crvalues and the PerkinElmer SARS-CoV-2 Plus kit N/E gene Crvalues (r = 0.989; Fig. 2d),
and between the LDT E gene Crvalues and the PerkinElmer SARS-CoV-2 Plus kit ORFlab gene Cr

values (r = 0.987).

Factors that might affect the diagnostic performance of saliva specimens
(drinking, eating, smoking, using mouthwash, and brushing teeth) were evaluated. When any of
these had been performed less than 30 minutes before saliva sampling, the LDT E gene results
were more unreliable, including all the 11 discordant results (P < 0.0001). With the PerkinEImer
kit and Plus kit, 8 and 6 discordant results, respectively, were detected when any of these had
been performed compared to 3 and 4 discordant results, respectively, when none of these had
been performed (P < 0.0001). The mean Crvalues (LDT E gene, 25.6; PerkinElmer N gene, 27.8;
PerkinElmer Plus N/E genes, 26.4) were lower if participants had been drinking, eating,

smoking, using mouthwash, or brushing teeth, compared to the mean Crvalues (LDT E gene,

10
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26.6; P = 0.280; PerkinElmer N gene, 28.5; P = 0.485; PerkinElmer Plus N/E genes, 26.7; P =

0.797) when none of these had been performed, but the difference was not significant.

The time of day of saliva specimen collection had no significant effect on
qualitative results of the LDT E gene (odds ratio [OR] = 0.522; 95 % Cl 0.161 to 1.693; P = 0.278),
PerkinElmer kit (OR =0.687; 95 % Cl 0.213 t0 2.217; P = 0.530), or PerkinElmer Plus kit (OR =
0.789; 95 % Cl 0.245 to 2.547; P = 0.693). No significant correlations between the specimen
collection time and Cr values of the LDT E gene (r = 0.072; P = 0.400), PerkinEImer N gene (r =

0.070; P = 0.411), or PerkinElmer Plus N/E genes (r = 0.028; P = 0.742) were found.

When evaluating the discomfort associated with NPS and saliva sampling with the
discomfort scale from 1 (no discomfort) to 5 (extreme discomfort), a total of 172 (69%)
participants gave higher discomfort values to NPS sampling, 17 (7%) gave higher discomfort
values to saliva sampling, and 60 (24%) gave equal values for both (P < 0.0001; Fig. 3). A total of
20 participants gave the highest discomfort value for NPS sampling, while none gave this value
for saliva sampling. When asked which sampling method the participant would choose if further
sampling was needed, 148 (59%) participants preferred saliva sampling, 62 (25%) NPS sampling,
and 39 (16%) could not decide (P < 0.0001). One participant did not answer to questions about

discomfort or the preferred sampling method.

Discussion

In this prospective study, we collected 250 paired NPS and saliva specimens from voluntary
participants in spring 2022 when Omicron BA.2 was the dominant SARS-CoV-2 variant in
Finland. We compared the diagnostic performance of saliva and NPS specimens in the detection

of SARS-CoV-2 by using an LDT with WHO-recommended primers and probes for the diagnostic
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233 gene target[29], and two commercial kits. As an important aspect, the tolerability of saliva and

234 NPS sampling was evaluated by asking the participants to assess both sampling methods with a
235 discomfort scale and select the preferred sampling method. The qualitative results show an
236 excellent sensitivity and specificity of saliva in the detection of SARS-CoV-2 by RT-gPCR when
237 compared with NPS, which is the reference standard for diagnostic testing of SARS-CoV-2 [3].
238 These findings support the proposition of saliva being an applicable alternative for NPS to

Missing relevant reference :

239 detect SARS-CoV-2. Kapoor P, Chowdhry A, Kharbanda OP, Popli DB, Gautam K, Saini V. Exploring
salivary diagnostics in COVID-19: a scoping review and research suggestions. BDJ

240 Concerni(r?g %RezglzjgnZi:tgfir\]/tetzprse:gg%% I/%g'elgigaSg/?\gﬁigggg%é-toaorog?a%j(E, N, and

241 ORF1ab) consistently showed significantly lower Cr values from NPS than saliva, indicating that

242 NPS may be slightly more sensitive in the detection of SARS-CoV-2. This seems to be in line with

243 most of the previous studies [12, 15, 19, 20, 25, 30, 31]. On the other hand, some publications

244 have found that saliva could be more sensitive than NPS for the Omicron BA.1 variant,

245 especially within five days of the symptom onset [26-28]. In our study, the median duration of

246 symptoms before specimen collection was two days. Recently, corresponding to our results,

247 Ursic¢ et al. and Salmona et al. reported lower Omicron variant Crvalues (i.e higher viral loads)

248 from NPS than saliva [25, 31]. These specimens were mainly collected in the era of Omicron

249 BA.1, and Ursic et al. concluded that lower Crvalues were observed from NPS regardless of the

250 day of specimen collection [25].

251 Each of our paired specimens were analyzed with three SARS-CoV-2 tests (LDT RT-

252 gPCR, PerkinElmer SARS-CoV-2 kit, and PerkinElmer SARS-CoV-2 Plus kit) for several target

253 genes. The diagnostic target genes E, N, and ORFlab showed concordant quantitative results

254 from both NPS and saliva. Of interest, among saliva specimens, the Cr values were highly

255 correspondent between the tests with correlation coefficients exceeding 0.98 when the LDT E

12


Missing relevant reference :
Kapoor P, Chowdhry A, Kharbanda OP, Popli DB, Gautam K, Saini V. Exploring salivary diagnostics in COVID-19: a scoping review and research suggestions. BDJ Open 2021; 7: 8. https://doi.org/10.1038/s41405-021-00064-7


256

257

258

259

260

261

262

263

264

265

266

267

268

269

270

271

272

273

274

275

276

277

278

gene was compared with PerkinElmer SARS-CoV-2 Plus kit N/E genes (measured in the same

channel) and ORFlab gene, suggesting that the diagnostic performance of the tests from saliva

was similar. should validation of efficacy of LDT be discussed here. Otherwise what is the rationale of using
three kits?

Certain factors may influence the diagnostic accuracy of saliva specimens. Some
studies suggest that the timing of the saliva specimen collection can affect the viral loads, which
seem to be highest in the morning-spit specimen, and thus might reduce the usability of
broadscale utilization of salivary sampling [12, 17, 21, 32]. In our study, the time of day of the
saliva specimen collection did not affect the qualitative results or the Cr-values. In general,
when saliva specimens are collected, patients are advised not to eat, drink, or brush teeth
before saliva collection to ensure higher sensitivity of testing [21]. However, a study by Callahan
et al. suggests that saliva specimens may be equally reliable even without restrictions to oral
hygiene or the time of the sampling [20]. Our data show that eating, drinking, smoking, using
mouthwash, or brushing teeth 30 min before saliva collection did not affect the Cr values,
which is in concurrence with the publication from Callahan et al. However, what we found
interesting was that all the participants with discordant LDT test results from NPS and saliva
had been drinking, eating, smoking, using mouthwash, or brushing teeth 30 minutes prior to
specimen collection. This effect was also observed with the PerkinElmer kits, and thus further

research is needed to evaluate the necessity of restrictions prior to saliva collection.

The discomfort associated with NPS sampling has been previously studied [9, 33].
To our knowledge, however, patients’ burden of saliva collection has not been previously
published, even though saliva sampling is generally considered to be easier and a more
tolerable sampling method [11, 12, 14, 18, 19, 30, 34]. Unsurprisingly, participants in our study

found saliva to be significantly less discomfortable than NPS collection when assessed with a
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scale from 1 (no discomfort) to 5 (extreme discomfort). Twenty participants assessed NPS
collection with the value of 5 (extreme discomfort) compared with none for saliva collection.
However, some of the participants had trouble in providing the required amount of saliva,
which was also observed in a study by Ursic¢ et al. [25]. The difficulty to produce enough saliva
may have influenced 17 participants to grade saliva sampling more uncomfortable. Moreover,
when the participants selected the preferred sampling method, saliva was chosen by 149 and
NPS by 62 participants. Preferences are in line with the results reported by Nacher et al. in their

study [30].

The potential advantages of saliva collection compared with NPS include less
discomfort for most patients and easier self-collection [30], which might decrease costs [17]. In
contrast, the advantages of NPS include faster specimen collection by trained professionals,
and potentially slightly better sensitivity for detecting SARS-CoV-2. Even though saliva seems to
be the preferred sampling method in terms of tolerability, a considerable proportion of
participants still chose NPS, suggesting that saliva collection is not the easiest method for all. In
the future, patients and professionals may be able to choose the most suitable sampling
method for each purpose, but further research is required to enable individual specimen

collection. Please create a separate paragraph of clinical recommendations from this study:

Regarding use of saliva as specimen, timing of sample collection, preference of

patients . )
There are several strengths to our study. The participants were prospectively

enrolled in a clinical setting at a drive-in testing station and paired specimens were collected.
Saliva collection was supervised by the study nurse to minimize incorrect collection procedures,
and to ensure that an adequate volume of saliva was provided. All the paired specimens were

analyzed with three tests, each of which provided consistent results. Additionally, several target
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genes of SARS-CoV-2 were analyzed. We also evaluated the discomfort associated with both

sampling methods and which sampling method the participant preferred.

There are also several limitations to our study. The nucleic acid extraction and RT-
gPCRs were not performed on the same day but within a few days of specimen collection.
Another limitation is that some saliva specimens did not fulfill the minimum requirement of 2
ml of saliva volume. Additionally, people who experience nasopharyngeal sampling more
painful than others were probably more likely to participate in a study evaluating an alternative
sampling method, thus causing a potential selection bias on the discomfort evaluation. On the
other hand, we did not specify that the selection of the preferred sampling method should only
be based on the sampling experience, therefore some participants might have considered the
traditional sampling method more reliable and thus have preferred NPS even though it caused

more discomfort.

In summary, our study shows excellent sensitivity and specificity of saliva
specimens in the detection of SARS-CoV-2 by RT-qPCR. However, the Cr values of all the
diagnostic target genes were significantly lower from NPS than saliva, indicating that NPS may
be slightly more sensitive in the detection of SARS-CoV-2 compared with saliva. In terms of
tolerability, saliva sampling was highly preferred, yet delivering an adequate volume of saliva

was challenging for some participants.
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Figure legends

Figure 1. The SARS-CoV-2 Cr values from nasopharyngeal swab (NPS) and saliva specimens with
a) laboratory-developed test (LDT), E gene; b) PerkinElmer SARS-CoV-2 Plus kit (no. 3515-0010),
N and E genes; c) PerkinElImer SARS-CoV-2 Plus kit, ORFlab gene. Medians, interquartile ranges,

and minimum and maximum values are presented.

Figure 2. Correlation of SARS-CoV-2 Cr values between nasopharyngeal swab (NPS) and saliva
specimens with a) laboratory-developed test (LDT), E gene; b) PerkinElImer SARS-CoV-2 Plus kit
(no. 3515-0010), N and E genes; c) PerkinElmer SARS-CoV-2 Plus kit, ORFlab gene. Panel d)
presents the correlation between the LDT E gene and PerkinElmer SARS-CoV-2 Plus kit N and E

gene (same channel) Crvalues among saliva specimens.

Figure 3. The discomfort associated with nasopharyngeal (NPS) and saliva sampling. The

participants assessed discomfort with a discomfort scale from 1 (no discomfort) to 5 (extreme

discomfort). The evaluation is missing from one participant.
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Table 1. Primers and probes used in the laboratory-developed test.

Position in
Concentration
SARS-CoV-2
Target |Oligonucleotide® |Sequence (5’ - 3°)° ina 25 ul PCR |Reference
reference
reaction
genome®
E_Sarbeco_F1 ACAGGTACGTTAATAGTTAATAGCGT |26269-26294 400 nM
E Sarbeco R2 |ATATTGCAGCAGTACGCACACA 26360-26381  |400 nM
Corman et
E gene FAM-
J al.[29]
E_Sarbeco P1 ACACTAGCCATCCTTACTGCGCTTCG- |26332-26357 {200 nM
BHQ1
S_geneF TCAACTCAGGACTTGTTCTTACC 21710-21732 |200 nM
S_geneR TGGTAGGACAGGGTTATCAAAC 21796-21817 |200 nM
Cy5-
S_geneP CATGCTATACATGTCTCTGGGACCAA- |[21758-21783 (80 nM
S gene This study
NFQ-02-MGB
TexasRed-
21756-21765,
S B117 P TCCATGCTATCTCTGGGACCAATG-NFQ- 80 nM
21772-21785
02-MGB
bA-F926 TTGCCGACAGGATGCAGAA 40 nM
Human [bA-R1001 TCAGGAGGAGCAATGATCTTGAT 40 nM Makeld et
B-actin |bA-P954 HEX-TGCCCTGGCACCCAGCACAA- al.[35]
80 nM
BHQ1

20rdered from Metabion (Metabion International AG, Germany)

PFAM: 6-carboxyfluorescein; BHQ: Black Hole Quencher; Cy5: Cyanine-5; NFQ: Nonfluorescent Quencher;

MGB: Minor Groove Binder; HEX: Hexachlorofluorescein

°NCBI RefSeq: NC_045512.2
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Medians are presented with interquartile ranges (IQR).

Table 2. Comparison of Crvalues between nasopharyngeal swab (NPS) and saliva specimens.

NPS Saliva P value® | Spearman’s
correlation
coefficient

median IQR median IQR

Cr Cr

LDT RT-gPCR, E gene | 20.5 18.5t024.4 | 26.2 22.3t029.5 | <0.0001 | 0.436
LDT RT-gPCR, S gene | 21.9 19.8t024.1 | 26.3 23.0t030.0 | 0.022 0.375
LDT RT-gPCR, S gene | 28.0 24.5t031.4 | 30.1 27.6t036.5 | <0.001 0.386
H69-V70 deletion

PerkinElmer SARS- 18.7 16.9t0 22.6 | 28.3 24.1t031.6 | <0.0001 | 0.469
CoV-2 kit (no. 3501-

0010), N gene

PerkinElmer SARS- 19.3 17.6t022.8 | 27.0 22.9t031.0 | <0.0001 | 0.518
CoV-2 kit (no. 3501-

0010), ORF1lab gene

PerkinElmer SARS- 17.9 16.3t022.3 | 26.1 22.5t030.0 | <0.0001 | 0.519
CoV-2 Plus kit (no.

3515-0010), N and E

genes

PerkinElmer SARS- 18.5 16.7t022.0 | 25.0 21.5t028.4 | <0.0001 | 0.471
CoV-2 Plus kit (no.

3515-0010), ORF1ab

gene

PerkinElmer SARS- 23.7 21.9t027.0 | 30.6 22.7t033.9 | 0.667° 0.500°

CoV-2 Plus kit (no.
3515-0010), S gene
H69 V70 deletion

2Analyzed with the Wilcoxon signed rank test.

bSmall sample size (NPS, n = 5; saliva, n = 14). Only three values were correlated. P-value and

correlation coefficient unreliable.

LDT, laboratory-developed test
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Table 3. The SARS-CoV-2 RT-gPCR results obtained from nasopharyngeal swab (NPS) and saliva

specimens with a) laboratory-developed test (LDT); b) PerkinElImer SARS-CoV-2 kit (no. 3501-

0010); c) PerkinElmer SARS-CoV-2 Plus kit (no. 3515-0010).

a)
LDT NPS Total
Saliva positive negative
positive 129 5 134
negative 6 110 116
Total 135 115 250
b)
PerkinElmer SARS-CoV-2 NPS Total
Saliva positive negative
positive 133 3 136
negative 8 106 114
Total 141 109 250
c)
PerkinElmer SARS-CoV-2 Plus | NPS Total
Saliva positive negative
positive 134 2 136
negative 8 106 114
Total 142 108 250
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Figure 1. The SARS-CoV-2 Cr values from nasopharyngeal swab (NPS) and saliva specimens with a)

laboratory-developed test (LDT), E gene; b) PerkinElmer SARS-CoV-2 Plus kit (no. 3515-0010), N

and E genes; c) PerkinElmer SARS-CoV-2 Plus kit, ORFlab gene. Medians, interquartile ranges, and

minimum and maximum values are presented.
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Figure 2. Correlation of SARS-CoV-2 Crvalues between nasopharyngeal swab (NPS) and saliva
specimens with a) laboratory-developed test (LDT), E gene; b) PerkinElmer SARS-CoV-2 Plus kit
(no. 3515-0010), N and E genes; c) PerkinElmer SARS-CoV-2 Plus kit, ORFlab gene. Panel d)
presents the correlation between the LDT E gene and PerkinElmer SARS-CoV-2 Plus kit N and E

gene (same channel) Cr values among saliva specimens.
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508  Figure 3. The discomfort associated with nasopharyngeal (NPS) and saliva sampling. The
509 participants assessed discomfort with a discomfort scale from 1 (no discomfort) to 5 (extreme

510 discomfort). The evaluation is missing from one participant.
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March 31st, 2023

Spectrum05324-22 (Diagnostic Performance and Tolerability of Saliva and Nasopharyngeal Swab
Specimens in Detection of SARS-CoV-2 by RT-PCR)

Response to Reviewers:

Reviewer #1

The manuscript by Ahti and co-workers adds another piece of evidence regarding the diagnostic
detection of SARS-CoV-2 Omicron (subvariant BA.2) in NPS versus saliva. The authors well
demonstrated that although the coefficient of correlation showed good agreement no matter what
RT-gPCR kit used (either lab-based or commercial), the Ct ranges when comparing the two types of
samples showed a significative higher viral load on NPS, which demonstrates that saliva can be a
less sensitive type of sample for SARS-CoV-2 diagnostics, even considering the Omicron
circulation. The data also helps to add to the evidence in the field showing that the nasopharyngeal
compartment will harbor higher viral loads during SARS-CoV-2 infection, which was doubted by
previous data suggesting higher viral loads for Omicron in the saliva.

The study was based on a reasonable number of specimens (n= 250) and both the study design and
generated data are sound.

- We thank the Reviewer for their appraisal. We did our best in preparing point-by-point responses
(found below) to the raised issues. We hope that these responses fulfill Your expectations.

Some points need clarification:

1) Authors say that saliva were kept on room temperature for up to 14 days prior to RNA extraction
(kit's manufactures' recommendation). It seems quite an extended amount of time to keep saliva
containing enveloped viral particles without reducing the amount of viable viral particles. Have
authors conducted experiments to assure the viability of these samples? Wouldn't that explain the
lower viral load? What was the average time from collection to nucleic acid extraction for samples
tested? It was not clear from the sentence that NSP samples were kept at 4C also up to 14 days?
Again, seems quite an extensive period to keep viral particles viable.

- We thank the Reviewer for this important comment. The time from collection to nucleic acid
extraction for the paired saliva and NPS samples of each patient were: 0 days for 12 paired samples,
2 days for 13 paired samples, 3 days for 47 paired samples, 4 days for 42 paired samples, 5 days for
56 paired samples, 6 days for 53 paired samples, 7 days for 18 paired samples, and 16 days for 9
paired samples. The extended amount of time before extraction of 9 (3.6%) paired samples was
caused by the shortage of laboratory personnel during the COVID-19 pandemic. The median time
from collection to nucleic acid extraction was 5 (IQR 3-6) days. We have added the following
sentence to the Results section (lines 177-178 of the Marked-Up Manuscript): “The median time
from specimen collection to nucleic acid extraction was 5 (IQR 3-6; range 0-16) days.”



According to the CE-IVD validated DNA/RNA Shield™ Saliva/Sputum Collection Kit
manufacturer’s protocol saliva can be stored at room temperature for up to 28 days. The maximum
time from sample collection to RNA extraction was 16 days instead of 14 days due to a weekend
but still well within the manufacturer specified 28 days. We apologize the error and we have
corrected the following sentence in the Diagnostic methods paragraph, line 118: “NPS specimens
were stored at +4 °C and saliva specimens at room temperature according to instructions of the
specimen collection kit for a maximum of 16 days. ”

Considering that the saliva samples were stored at the validated specimen collection kit and the
paired saliva and NPS samples had the same storage time before extraction, it would seem unlikely
that the lower viral load of saliva samples was caused by the storage time. In addition, Ott et al.
have studied the stability of SARS-CoV-2 RNA at different temperatures and found that SARS-
CoV-2 RNA detection remained stable for up to 25 days even from nonsupplemented saliva (Ott
IM, Strine MS, Watkins AE, et al, Stability of SARS-CoV-2 RNA in Nonsupplemented Saliva,
Emerg Infect Dis. 2021;27(4):1146-1150. doi: 10.3201/eid2704.204199).

2) Authors mentioned 9 saliva and NPS samples kept for 3 days at 4C after extraction, since RNA is
chemically liable and consequently heat degradable, it should be mentioned how these samples
performed in RT-gPCR.

- We thank the Reviewer for the comment. Of these 9 samples, concordant qualitative test results
were obtained from both saliva and NPS (4 samples were positive with all three tests from both
specimen types). No difference was observed in the LDT E gene Ct values from saliva between
these 9 samples (median 29.3; IQR, 22.7 to 32.6) and the rest 241 samples (median 26.0; IQR, 22.3
to 29.4; P=0.49). Similarly, no difference was observed in the LDT E gene Ct values from NPS
between the 9 samples (median 23.2; IQR, 19.7 to 25.7) and the rest of the samples (median 20.4;
IQR, 18.5 to 24.2; P=0.79).

With the PerkinElmer SARS-CoV-2 kit (3501-0010), the N gene Ct values from saliva did not
differ between the mentioned 9 samples (median 31.5; IQR, 24.4 to 33.1) and the rest of the
samples (median 28.2; IQR, 24.2 to 31.5; P=0.62). Similar results were found from NPS (the 9
samples; median 20.5; IQR, 18.2 to 23.0; and the rest of the samples; median 18.6; IQR, 16.9 to
22.6; P=0.93).

With the PerkinElImer SARS-CoV-2 Plus kit (3515-0010), no difference was observed in the
ORF1lab Ct values from saliva between the 9 samples (median 28.2; IQR, 22.1 to 31.4) and the rest
of the samples (median 24.9; IQR, 21.5 to 28.3; P=0.43). Similar results were found from NPS (the
9 samples; median 19.9; IQR, 18.1 to 22.4; and the rest of the samples; median 18.4; IQR, 16.6 to
22.0; P=0.88).

We have added the following sentence to the Results section, lines 178-180: “Paired specimens
(n=9) that were stored as RNA at +4 °C for three days gave concordant results in all RT-qPCR
tests when compared with the rest of the paired specimens (n=241).”

3) Why is the difference between NPS and saliva on the range of 5-6 Cts higher for E and S targeted
genes, but only 2 Cts for the Sdel? is the Median for Sdel in saliva calculated correctly, since the



IQR had such a high range? Could authors comment on this data? Also, what was the relevance of
using S as target with primers/probe sets to distinguish the del69-70 if this specific wasn't shown?

- We thank the Reviewer for lifting this up. In the LDT, E gene served as the diagnostic target. The
qualitative analysis of two S gene targets (S gene and Sdel) was used for epidemiologic surveillance
of new SARS-CoV-2 variants in Southwest Finland. As we have described in the Materials and
Methods section (lines 138-141), varying background due to cross-reactivity of S gene with the
Sdel probe was observed in the Sdel channel (TexasRed/orange). The threshold level was manually
set above the background fluorescence and the threshold was at a higher level compared to the other
gene targets, resulting in the higher Cr values for the Sdel analysis as compared to other gene
targets. We checked the calculation and found no errors and no obvious explanation for the small
Cr difference between NPS and saliva for Sdel. The number of SARS-CoV-2 variants with Sdel
was smaller (n=34; suggesting Omicron BA.1) and the spread of their Ct values larger as compared
to variants without the deletion (n=101; suggesting Omicron BA.2), increasing the weight of
individual values. We have added these numbers of variants to the Results section, lines 183-185:
“Of the 135 SARS-CoV-2 positive results with the LDT from NPS, 34 (25%) were Sdel positive,
suggesting Omicron BA.1. and 101 (75%) Sdel negative, suggesting Omicron BA.2.”

4) Authors should provide a figure or table showing the discordant samples in each RT-gPCR assay
they performed, were they the same? Did it vary according to the assay or the sample? How was the
internal control performance for discordant samples?

- We thank the Reviewer for raising this important issue. A total of 17 participants provided
discordant samples. The LDT and PerkinElmer SARS-CoV-2 kit both gave 11 discordant results
while the PerkinElmer SARS-CoV-2 Plus kit gave 10 discordant results. Many of the discordant
results occurred with the same participants: Six (35%) were discordant between all kits (4 NPS
pos/saliva neg; 2 saliva pos/NPS neg); three (18%) were discordant between two kits; and eight
(47%) were discordant between only one kit. Of the samples with discordant results, seven samples
gave only Cr values > 35.

As a response, we have changed the manuscript as follows: We have added a Supplementary
Appendix that includes a complete table of discordant samples and their Ct values. In the Results
section, we have added the total number of participants, which provided discordant results (lines
204-206). We have also added the number of discordant results obtained with the PerkinElmer
SARS-CoV-2 kit and PerkinElmer SARS-CoV-2 Plus kit (lines 196-198).

5) In lanes 208-211 authors mention that Ct values in saliva were lower for drinking, eating, etc
before sample collection, but the difference was not significant, thus they shouldn't say it was
different! The sentence should be rephrased to better describe the finding.

- We thank the Reviewer for lifting this up. We have corrected the sentence as follows: “The mean
Cr values for participants who had been drinking, eating, smoking, using mouthwash, or brushing
teeth 30 minutes before saliva sampling and participants who had not performed any of these
activities were 25.6 and 26.6 (P=0.280) for the LDT E gene, 27.8 and 28.5 (P=0.485) for the
PerkinElmer N gene, and 26.4 and 26.7 (P=0.797) for the PerkinElmer Plus N/E genes,
respectively.”



6) Authors affirm that the time-of-day saliva was collected make no difference for diagnostics,
however, no data was shown, specifically, how many periods were evaluated? how were they
determined? how many samples for each period were analyzed? This set of data is of relevance and
should be shown.

- We thank the Reviewer for this valuable comment since we were unclear in explaining how we
interpreted the association between the sample collection time and diagnostic sensitivity. First, the
time of the sample collection was recorded with one-minute precision. In the statistical analysis,
binary logistic regression was used to evaluate the association between the time of day of saliva
sample collection and the qualitative test result or Ct values from saliva. In these calculations, time
IS a continuous variable, which is compared to the qualitative test results of the saliva samples
(categorical variable) and to the Ct values from saliva (continuous variable). That is to say, the time
of sample collection was not divided into different periods (e.g., morning or afternoon) and
statistical calculations were performed only using time as a continuous variable.

We have now also inspected our results using time of collection as a categorical variable. The time
of collection was divided into two periods: before 12.00 (morning; number of collected samples,
67) and from 12.00 onward (afternoon and evening; number of collected samples, 177); data
missing from 6 participants. The time of collection ranged from 9.00 am to 6.39 pm. Fisher’s exact
test (X test) was used to compare categorical time and qualitative results of the LDT E gene (P =
0.39), PerkinElmer N gene (P = 0.56), and PerkinElmer Plus N/E genes (P = 0.56). Two sample t-
test was used to compare categorical time and Cr values from saliva. No significant difference was
seen for the mean Cr values of the LDT E gene (P = 0.20), PerkinElmer N gene (P = 0.22), and
PerkinElmer Plus N/E genes (P = 0.32). We have clarified the use of time as a continuous variable
to the Statistical analysis paragraph of the Materials and Methods section (lines 166-167): “The
sample collection time was treated as a continuous variable, and binary logistic regression was
used to evaluate the association between the time of day of saliva specimen collection and the test
result from saliva.”

We have also added the range of sample collection time, and the number of collected samples per
period (morning vs afternoon and evening) to the Results section (lines 227-228): “The majority of
saliva specimens (177/244, 73%; data missing from six participants) were collected after 12 am
(IQR, 11.00 am to 1.55 pm; range, 9.00 am to 6.39 pm).” We have not added the categorical
calculations of time to the findings to our revised manuscript, as the evaluation of the time of saliva
sample collection was not the main focus of this manuscript and we think that our calculation using
time as a continuous variable would describe the finding well enough.

As a minor observation, the mean age and standard deviation of participants should not be
mentioned on the abstract.

- We thank the Reviewer for the observation. We have removed the mean age and standard
deviation of participants from the abstract.



Reviewer #2

1) Why was LDT chosen as one of the ways to test target genes? Was validation of LDT with two
commercial kits one of the objectives? IF yes, it is not mentioned in the objectives of the study?

- We thank the Reviewer for the comment. In the very beginning of the pandemic in February-
March 2020, the described LDT was developed in the Hospital District of Southwest Finland
because no commercial SARS-CoV-2 PCR tests were available. So far the LDT has been the
primary diagnostic test for COVID-19 in Southwest Finland. The LDT from nasopharyngeal
specimen has been validated and accredited by the Finnish Accreditation Service (testing laboratory
no. T148; according to the standard SFS EN 1SO 15189:2013).

The aim of this study was to validate the LDT and the PerkinElmer SARS-CoV-2 Plus kit (no.
3515-0010) for saliva sample type. The PerkinElImer SARS-CoV-2 Plus kit has been previously
validated for NPS. The PerkinElmer SARS-CoV-2 kit (3501-0010) has been validated for both
saliva and NPS and served as the reference test for the PerkinElImer SARS-CoV-2 Plus Kit.
Regarding the LDT, the test results obtained from NPS served as the reference for the test results
obtained from saliva.

We have added the following sentence to the Introduction section (lines 69-70 of the Marked-Up
Manuscript): “The aim of this study was to validate a laboratory-developed test (LDT) and the
PerkinElmer SARS-CoV-2 Plus kit (no. 3515-0010) for saliva specimen type.”

2) Missing relevant reference: Kapoor P, Chowdhry A, Kharbanda OP, Popli DB, Gautam K, Saini
V. Exploring salivary diagnostics in COVID-19: a scoping review and research suggestions. BDJ
Open 2021; 7: 8. https://doi.org/10.1038/s41405-021-00064-7

- We thank the Reviewer for the observation. We have added the recommended reference to the
Discussion section (lines 256 and 305) and to the References of the manuscript (lines 463-464).

3) Should validation of efficacy of LDT be discussed here. Otherwise what is the rationale of using
three Kkits?

- We thank the Reviewer for lifting this up. As mentioned in our response to the Comment no. 1,
the aim of this study was to validate the LDT and the PerkinElmer SARS-CoV-2 Plus kit (no. 3515-
0010) for saliva specimen type. This objective has been added to the Introduction section. The
rationale of using three kits was to evaluate the performance of different diagnostic target genes (E,
N, and ORF1ab) from saliva.

Regarding the validation of commercial kits, the reference kit should be CE-1VD marked (Medical
Device Coordination Group guidance; https://health.ec.europa.eu/system/files/2022-02/mdcg_2021-
21_en.pdf). In addition, when alternative specimen types, e.g. saliva in this study, are validated for
the detection of SARS-CoV-2, their performance should be compared to test results obtained from
NPS. Due to these requirements, the SARS-CoV-2 RT-qPCR Reagent Kit (no. 3501-0010;
validated for both NPS and saliva) served as the reference test for the SARS-CoV-2 Plus kit (no.
3515-0010) test results from saliva. As we have discussed in the manuscript, the different diagnostic
target genes showed concordant qualitative and quantitative test results from saliva and from NPS,
suggesting that the diagnostic performance of the LDT and the two commercial kits was similar.



https://health.ec.europa.eu/system/files/2022-02/mdcg_2021-21_en.pdf
https://health.ec.europa.eu/system/files/2022-02/mdcg_2021-21_en.pdf

4) Please create a separate paragraph of clinical recommendations from this study: Regarding use of
saliva as specimen, timing of sample collection, preference of patients.

- We thank the Reviewer for this valuable remark since we were insufficient in explaining the
generalizability of this research. As a response, we have added the following paragraph to the
Discussion section of the manuscript (lines 313-323): “Based on the results of this study, NPS
should remain to be the standard specimen type for the detection of the SARS-CoV-2 Omicron
variant since the lower Ct values of NPS indicate that saliva may be a slightly less sensitive
specimen type for SARS-CoV-2 diagnostics. On the other hand, the sensitivity of the saliva
specimen in this study was similar to NPS, which supports the use of saliva as an alternative to NPS
in certain situations. Saliva could reasonably be used for patients that are exposed to complications
of NPS collection, are unwilling to sample with NPS, or are particularly sensitive to the discomfort
caused by NPS collection. Regarding our observations, saliva could also be collected at any time of
day and without strict restrictions to oral hygiene, thus making the collection at home easy to
perform. Sample collection at home might reduce risk of nosocomial infections, especially in low-
income countries where a lack of protective equipment might be more common.”
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