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+e use of saliva directly as a specimen to detect viral RNA by RT-PCR has been tested for a long time as its advantages are relevant
in terms of convenience and costs. However, as other body fluids, its proven inhibition effect on the amplification reaction can be
troublesome and compromise its use in the detection of viral particles. +e aim of the present work is to demonstrate that saliva
pretreatment may influence the RT-PCR amplification of three gene targets of SARS-CoV-2 significantly. A pool of RNA from
confirmed COVID-19 patients was used to test the influence of heat pretreatment of saliva samples at 95°C for 5, 10, 15 and 20min
on the amplification performance of ORF1ab, E, and N SARS-CoV-2 genes. Prolonged heating at 95°C significantly improves the
Ct value shift, usually observed in the presence of saliva, increasing the limit of detection of viral genes ORF1ab, E, and N. When
tested using a cohort of COVID-19 patients’ saliva, the increased time of heat pretreatment resulted in a significant increase in the
detection sensitivity.

1. Introduction

Saliva is a complex fluid composed of a mixture of com-
ponents produced by major and minor salivary glands [1]
and other constituents from the oral mucosa and micro-
biome [2, 3]. Its suitability as a specimen for biomonitoring
[2] and to detect respiratory viruses has been tested over
several years [4–6], and its use in routine testing and
screening campaigns to detect SARS-CoV-2 has also been
subjected to assessment [4, 7–16]. A recent meta-analysis
using 25 published studies involving RT-PCR detection of
SARS-CoV-2 in saliva samples highlighted considerable
discrepancies in reported findings, pointing out that many of
these discrepancies could probably be attributed to exper-
imental procedures, such as target populations, sample
collection, and saliva processing protocols [17].

+e US Food and Drug Administration has recently
issued an emergency use authorization (EUA) for the so-

called SalivaDirect assay, a method using saliva directly
without extraction in the RT-PCRs [18]. However, the
inhibition potential of saliva has been described in the
literature [19] and has been a relevant obstacle to more
widespread use of this specimen in diagnostic tests. Saliva,
as other body fluids, is known to have constituents that
may inhibit the RT-PCR [19]. In fact, RT-PCR is a very
sensitive and powerful technique based on the amplifica-
tion of small amounts of nucleic acids present in a sample.
However, due to its enzymatic nature and complex mixture
of components including fluorophores and oligonucleo-
tides, several substances may affect the reaction mainly by
interfering with the DNA polymerase activity/stability,
nucleotide/nucleic acid stability, and fluorescence intensity
[20, 21].

In the present work, saliva is used directly without ex-
traction in RT-PCRs to detect 3 viral targets of SARS-CoV-2,
and it is demonstrated that the inhibition potential of this
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matrix can be significantly influenced by the time of pre-
treatment at 95°C.

2. Materials and Methods

2.1. Sample Collection. +e saliva samples from healthy
individuals were collected under supervision by just letting
mouth-accumulated saliva drop into empty sterile sputum
containers.

Saliva samples from COVID-19 patients were collected
as previously described [22] under supervision of a
healthcare worker. All donors were previously informed in
writing about the purpose and procedure of the study and
consented to participate by providing the samples.

All samples were stored at 4°C until processing (not
exceeding a maximum of 6 h) and then kept at −80°C until
further use.

2.2. Preparation of Saliva Samples Prior to RT-PCR.
Saliva samples for studies involving spiking were prepared to
be used directly in the RT-PCR using a 20mg×ml−1
proteinase K solution (NZYTech, Portugal), vortexing for
1min, and heating at 95°C for 5min as described by Vogels
and colleagues [18] and also for 10, 15, and 20min. Saliva
samples from 23 COVID-19 patients were processed as de-
scribedbefore andheated for 5minat 95°Cand15minat 95°C.

2.3. Real-Time Reverse Transcriptase-Polymerase Chain Re-
actionAssay (RT-PCR) forSARS-CoV-2. Samples were tested
for SARS-CoV-2 using novel coronavirus (2019-nCoV) RT-
PCR detection kit (Shanghai Fosun Long March Medical
Science) and the CFX96 real-time PCR system (BioRad,
Germany) in accordance with the manufacturer’s instruc-
tions. A maximum of 10 μl of saliva samples, prepared as
previously described, were added to 20 μl of the reaction
mixture. Samples were then incubated at 50°C for 15min
and then at 95°C for 3min, followed by 5 cycles at 95°C for 5 s
and 60°C for 40 s and 40 cycles at 95°C for 5 s and 60°C for
40 s, targeting SARS-CoV-2 genes N, E, and ORF1ab. At the
end of each of the last 40 cycles, the signals of FAM, JOE, and
ROX were registered. A cycle threshold value (Ct value) less
than or equal to 36 was defined as a positive test result, and
more than 36 or no value was considered as negative.

2.4. Determination of the Limit of Detection (LOD).
RT-PCRs having 3, 30, and 300 copies/reaction were pre-
pared using EDX SARS-CoV-2 Positive Run Control (Exact
Diagnostics, BioRad, Germany) manufactured with synthetic
RNA transcripts containing 5 gene targets (E,N, S, ORF1a, and
RdRP genes of SARS-CoV-2, 200000 copies/ml each). Tests
were performed in triplicate, and the repeatability of each assay
was determined by analyzing the cycle threshold values (Ct) of
parallel reactions and respective standard deviations (SD).

2.5. Real-Time Reverse Transcriptase-Polymerase Chain Re-
action Assay (RT-PCR) in the Presence of Saliva Pretreated
between5and20minat 95°C. A pool of positive SARS-CoV-

2 RNA, extracted from nasopharyngeal swab samples from
confirmed COVID-19 patients, was serial diluted (1 :10 and
1 :100) with RNase-free water (PanReac AppliChem, Ger-
many). RT-PCR amplification reactions were performed in
duplicate, as previously described, in the absence of saliva
and in the presence of 6 μl of saliva (negative for the presence
of SARS-CoV-2) pretreated for 5, 10, 15, and 20min at 95°C.

2.6. Statistical Analysis. Data were analyzed following
conventional methodologies [23], mainly as available in the
R base package [24], with a special reference to the “aov” and
“TukeyHSD” functions to carry out ANOVA and post hoc
tests for comparisons between the groups, “ad.test” for
analysis of normality, and “wilcox.test” to performWilcoxon
rank-sum tests with matched pairs for determination of
significance of median differences. All graphs were produced
using routines written by the authors using the R language.
Excel was used as a general data organization and analysis
tool.

3. Results and Discussion

3.1. Temperature Effect on the Inhibition Power of Saliva.
Some published works comparing saliva and nasopharyn-
geal swabs (NPS) from the same COVID-19 patients
demonstrate that an increase in the Ct values obtained for
different viral targets occurs when saliva is used [22, 25].
According to previous works on saliva and its effects when
used on PCR reactions, it is known that inhibitory effects
can be reduced by extraction with Chelex-100 (in the case
of parotid saliva) or just by heating in boiling water for at
least 10 minutes in the case of whole mouth saliva (WMS)
[19]. In the present work, saliva used directly in the RT-
PCRs was prepared following a method previously de-
scribed [18] and authorized for emergency use by the
FDA, but introducing one modification, 95°C heating
time, originally designed to inactivate the proteinase K
used in the assay. +is was done taking into consideration
the results previously presented in relation to the heating
effect on reducing the inhibition power of saliva in tra-
ditional PCR reactions [19].

+e effect of saliva pretreated using different conditions
on the performance of the RT-PCRs was therefore analyzed,
namely, heating at 95°C during four different time periods: 5,
10, 15, and 20min. After spiking the heat pretreated saliva
samples with the same amount of viral RNA (a pool of RNA
extracted and purified from COVID-19 patients), RT-PCR
was performed and the corresponding amplification curves
are presented in Figure 1.

As it can be clearly observed in Figure 1, which repre-
sents the amplification reactions of the 1 :10 diluted pool of
SARS-CoV-2 RNA, the curves are displaced to the right in
the presence of saliva in relation to the control reaction
(without saliva), but the magnitude of this displacement
depends on the pretreatment time.

Curves obtained with saliva pretreated at 95°C for 5min
showed the highest displacement, corresponding to the
worst performance. In average, and considering all the target
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genes and initial concentration of RNA, an increase of
7.87± 1.16 Ct values was observed in relation to the control
reaction. On the other hand, heating for 15min reduced the
ΔCt values to just 2.27± 0.38 Ct in relation to control. As it is
shown in Figure 1, curves of saliva pretreated for 15 and
20min are practically superimposed. Finally, heating for an
intermediate time of 10min leads to an intermediate result.
It can, therefore, be concluded that increasing heating time
pretreatment to 15min improves the reaction and pro-
longing heating for more than 15min does not seem to have
significant influence on the reduction of the inhibitory
power.

Differences in Ct values according to heating time and
dilution factors can be observed in Figure 2 and in Tables 1
and 2 with the results of two-way ANOVAs with dilution,
heating times, and respective interactions as the main fac-
tors, as well as replications, carried out for each gene.
Figure 2 clearly shows that increasing heating times leads to
an improvement (decrease) in Ct values for genes ORF1ab,
N, and F, while the dilutions (amount of initial RNA) used in
this work have a much smaller impact on Ct values.+e two-
way ANOVAs, whose main results can be seen in Table 1,
show that differences in Ct values caused by dilution are
small but significant, while differences caused by heating
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Figure 1: Amplification curves of a pool of RNA from COVID-19-positive patients in the presence of saliva pretreated at 95°C for 5 (red), 10
(green), 15 (blue), and 20 minutes (magenta). +e control curve is shown in black. Curves correspond to a 1 :10 dilution of the RNA pool.
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time are highly significant. Checking differences with post
hoc Tukey HSD tests (Table 2), it is seen that for all genes, the
dilution 1 :100 is significantly different from the others, with
decrease in the magnitude in the order of 1, 1.1, and 0.57 Ct,
respectively, for genes ORF1ab, N, and E, in comparison to
the dilution 1 :10.

In what concerns the heating time factor, the same Tukey
HSD tests (Table 2) show that the decrease in Ct values
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Figure 2: ΔCt values in relation to the control reaction and influencing factors: genes ORF1ab, N, and E, three dilutions (1 :1, 1 :10, and 1 :
100), and four heating times (5, 10, 15, and 20min). Blue points are minimum and maximum differences to control, red points are mean
values, and green lines are the joining mean values to improve interpretation.

Table 1: p values relative to dilution, heating time, replications, and
interaction of dilution and heating time of two-way ANOVAs for
genes ORF1ab, N, and E.

Factor ORF N E
Dilution 0.0249 0.0313 0.0465
Heating time 3.4×10−8 5.49×10−8 8.83×10−10

Replications 0.4552 0.3768 0.5891
Dilution ∗ heating time 0.8058 0.6540 0.7964
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ranges between 3 and 4 if heating time increases from 5 to
10min and decreases around 2 Ct values more when time
increases from 10 to 15min.

As it can be seen in Table 1, differences due to repli-
cations or interactions are not significant.

It is worth noting that according to comparisons based
on statistical approaches, there is no significant difference
between heating pretreatments for 15 and 20min. However,
comparing Figures 1 and 2, heating for 20min seems to be
worse than heating for 15min since all 20min curves are
slightly displaced to the right of 15min curves in Figure 1. At
the same time, the last point (20min) in all displays pre-
sented in Figure 2 also shows a slight increase in Ct values in
comparison to the 15min points.+ese observations are true
for all genes and for all dilutions. +erefore, although not
supported by statistical evidence in face of the experimental
design used, it seems that pretreatment involving heating for
15min at 95°C is probably the best procedure.

Saliva, if treated for just 5min, shows a greater inhibition
power.+is fact is reflected in a positive shift in the Ct values
and also this has some clear effect on the reproducibility of
the results, as the range of results is much wider when lower
RNA concentrations are used, and this is particularly rel-
evant when the target is gene N (Supplementary Figure S1).

+e direct use of a sample without extraction in an RT-
PCR has also been tried for other matrices [26] using heat
inactivation. For saliva, a previously published work tested
heat shock for 10, 20, and 30min prior to RT-PCR, and the
Ct values obtained were comparable at all the conditions
used, despite undetermined at 10min for N and ORF1ab
genes [27].

3.2. Between-Person Variability. As demonstrated, in this
work, it was observed that heating at 95°C has a dramatic
effect on the reduction of the saliva inhibition power.
However, numerous factors can affect saliva composition,
which may vary between different people and circumstances
related to the sample collection [28].+erefore, it was decided
to test 10 saliva samples from different healthy individuals,
collected under the same protocol and circumstances.

All saliva samples were used in a RT-PCR with the same
amount of viral RNA. Figure 3 represents the variation of the
Ct values between the reactions where saliva was heated at
95°C for just 5min (as described in the FDA emergency use
authorized protocol) and for 15min (best conditions found
in this work). As shown in Figure 3, the extension of pre-
treatment leads to a significant decrease in the Ct value of the

RT-PCR. However, as it can be seen in Figure 3, the be-
tween-person variability is very high. In relation to the
reaction without saliva, a median increase of 5.53 in the Ct
values was obtained in the reactions performed in the
presence of saliva heat treated for 5min and 2.24 when the
saliva was pretreated for 15min. +erefore, although vari-
able in magnitude, 80% of the saliva samples had their
inhibitory power significantly reduced by just extending the
heating time in the pretreatment step.

3.3. Influence of Saliva’s;ermal Pretreatment on the Limit of
Detection (LOD). Considering that an increase in 3.32 Ct
values is observed when the initial amount of template has a
tenfold reduction, the high magnitude of the positive shift
observed in the Ct values in the presence of saliva has sig-
nificant consequences on the sensitivity of the method. +e
detection limit, as announced by the manufacturer (for
nasopharyngeal swabs), is 300 copies/ml, corresponding to 3
copies/reaction. +us, a test was carried out under different
conditions of pretreatment of 6 μl of saliva per reaction, and it
was observed that the inhibitory effect has significant con-
sequences for the LOD, although of different magnitudes for
different viral targets. In fact, the detection limit announced
by themanufacturer was only reached in the reaction without
saliva and for two of the viral targets (genes E and N). When
saliva is treated at 95°C for just 5min, only gene E is detected,
but 300 copies/reaction need to be present. After 15 minutes
of treatment, the detection limit increases significantly and it
is possible to detect 30 copies/reaction for gene E and 300
copies/reaction for genes N and ORF1ab. Considering that
the criterion to consider a sample as positive for the presence
of SARS-CoV-2 is to have amplification (Ct< 36) for at least
two of the three targets (or just ORF1ab confirmed in a
repetition), one should consider the most restrictive LOD
when saliva is used, i.e., 5×104 copies/ml of saliva.

Despite a significant decrease after heating saliva for
15min at 95°C, its inhibition power still exists, indicating
that other components, not thermolabile, may be present
and interfere with the amplification reaction, although at a
much lower level. Due to the high between-person vari-
ability, this effect should be regarded only as a rough esti-
mation, obtained with a saliva sample presenting an
inhibition power close to the median (in terms of ΔCt value).

+e viral gene used as the target is of great importance as
different targets show different sensitivities to the inhibition
potential of saliva, and one must also consider that the heat-
shock applied to the saliva before its use in RT-PCR may

Table 2: Differences in Ct values and respective p values, for factors dilution and heating time, for genes ORF1ab, N, and E, as determined by
post hoc Tukey HSD analysis.

Factors Gene ORF1ab Gene N Gene E
Ct difference p value Ct difference p value Ct difference p value

Dilution 1 :10–1 :1 0.390 0.4569 0.558 0.5582 0.360 0.2144
1 :100–1 :10 −1.013 0.0206 −1.138 0.0270 −0.566 0.0399

Heating time
10–5 −3.645 3.7×10−6 −4.030 7.2×10−6 −3.095 2.0×10−7

15–10 −1.957 0.0011 −2.240 0.0014 −1.830 3.61× 10−5

20–15 0.487 0.5560 0.423 0.7609 0.263 0.6736
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have influence on the integrity of the RNA present, leading
potentially to a cleavage in smaller fragments [27] that may
best suit the amplification of smaller amplicons.

3.4. Detection of SARS-CoV-2 Using Saliva of COVID-19
Patients. A total of 23 samples of saliva from COVID-19-
confirmed patients (nasopharyngeal swab RT-PCR positive)
were pretreated, as previously described, for 5min and
15min at 95°C. A detailed analysis of genes ORF, N, and E
showed that the differences between the effects caused by the

heating time are not normal, according to Ander-
son–Darling tests with p values lower than 0.003. +erefore,
median values and interquartile ranges (IQRs) were calcu-
lated, and significance of the decrease in median values with
increase in heating time was assessed with Wilcoxon rank-
sum tests for paired samples. For gene ORFlab, the median
decrease in Ct values was 0.61 (p< 0.0002 and IQR� 0.90),
for gene N, the decrease was 0.68 (p< 0.0006 and
IQR� 0.68), and for gene E, it was 0.45 (p< 0.0005 and
IQR� 0.58). Despite an overall modest decrease in the Ct
values when compared with the results obtained with saliva
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pretreated with heat prior to spiking, the results also show a
high level of between-person variability which is also target
dependent with ΔCt values ranging from −5.88 to +0.55 and,
most importantly, a significant increase in the detection
sensitivity. It was observed that with 5min of pretreatment,
only 20 samples were considered positive, while using a
15min heating period, all 23 samples were considered
positive, which corresponds to an increase in sensitivity in
the range of 2.8% to 33.6%, with 13.0% as the most probable
number (following a binomial test, p< 0.0005).

3.5. Final Remarks. +is work has provided evidence that a
simple modification of saliva thermal pretreatment might
have very significant influence on the RT-PCR performance,
reducing significantly the positive shift in the Ct value (of the
three viral targets) of the reactions performed in the pres-
ence of saliva without extraction. In fact, the heat treatment
at 95°C is not only needed to inactivate proteinase K, but it
contributes to reduce the inhibitory power of saliva on the
performance of the RT-PCR.

Even with the thermal pretreatment of 15min, a certain
degree of inhibition continues to occur causing a positive
shift in the reaction Ct value. However, there is a significant
improvement in the Ct value obtained with prolonged
heating. +e increased sensitivity that can be observed may
make saliva a good candidate for use in SARS-CoV-2
screenings (and probably for other respiratory viruses) using
commercial solutions widely available. Considering that a
large part of contamination occurs through the transmission
of small droplets of saliva, the increased sensitivity verified
can make this specimen ideal for the detection of carriers
with potential for the spread of respiratory viruses as SARS-
CoV-2. Although the present study contributes to a better
understanding of the effect of saliva used directly in RT-
PCRs and focuses on how to minimize the respective in-
hibitory effects, this work clearly shows that a significant
between-person variability exists. +erefore, it is important
to extend the study with a wider number of samples and also
analyze the within-person variability which was not
addressed in the present work.
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D. N. De Araújo Silva, K. Costa De Lima, F. Q. Pirih, and
A. R. Luz De Aquino Martins, “Saliva as a possible tool for the
SARS-CoV 2 detection: a review,” Travel Medicine and In-
fectious Disease, vol. 38, 2020.

[13] E. Pasomsub, S. P. Watcharananan, K. Boonyawat et al.,
“Saliva sample as a non-invasive specimen for the diagnosis of
coronavirus disease 2019: a cross-sectional study,” Clinical
Microbiology and Infection: ;e Official Publication of the
European Society of Clinical Microbiology and Infectious
Diseases, vol. 27, 2020.

[14] D. Sakanashi, N. Asai, A. Nakamura et al., “Comparative
evaluation of nasopharyngeal swab and saliva specimens for
the molecular detection of SARS-CoV 2 RNA in Japanese
patients with COVID-19,” Journal of Infection and Chemo-
therapy, vol. 27, no. 1, 2021.

[15] S. N. Vaz, D. S. D. Santana, E. M. Netto et al., “Saliva is a
reliable, non-invasive specimen for SARS-CoV 2 detection,”
Brazilian Journal of Infectious Diseases, vol. 24, no. 5,
pp. 422–427, 2020.

[16] A. L. Wyllie, J. Fournier, A. Casanovas-Massana et al., “Saliva
or nasopharyngeal swab specimens for detection of SARS-
CoV 2,” New England Journal of Medicine, vol. 383, no. 13,
pp. 1283–1286, 2020.

[17] R. A. Lee, J. C. Herigon, A. Benedetti, N. R. Pollock, and
C. M. Denkinger, “Performance of saliva, oropharyngeal
swabs, and nasal swabs for SARS-CoV 2 molecular detection:
a systematic review and meta-analysis,” Journal of Clinical
Microbiology, vol. 59, no. 5, 2021.

[18] C. B. F. Vogels, A. E. Watkins, C. A. Harden et al., “Saliva-
direct: a simplified and flexible platform to enhance SARS-
CoV 2 testing capacity,” Med (N Y).vol. 2, no. 3, 2021.

[19] A. S. Ochert, A. W. Boulter, W. Birnbaum, N. W. Johnson,
and C. G. Teo, “Inhibitory effect of salivary fluids on PCR:
potency and removal,” Genome Research, vol. 3, no. 6,
pp. 365–368, 1994.

[20] J. Hedman and P. Radström, “Overcoming inhibition in real-
time diagnostic PCR,” PCR Detection of Microbial Pathogens,
vol. 943, pp. 17–48, 2013.

[21] S. P. Buckwalter, L. M. Sloan, S. A. Cunningham et al.,
“Inhibition controls for qualitative real-time PCR assays: are
they necessary for all specimen matrices?” Journal of Clinical
Microbiology, vol. 52, no. 6, pp. 2139–2143, 2014.

[22] P. A. D. C. Fernandes, F. A. D. C. Ferreira, O. M. Morais et al.,
“Performance of saliva as a specimen to detect SARS-CoV 2,”
Journal of Clinical Virology, vol. 142, Article ID 104913, 2021.

[23] C. Heumann, M. Schomaker, and Shalabh, Introduction to
Statistics and Data Analysis with Exercises, Solutions and
Applications in R, Springer International Publishing, London,
UK, 2016.

[24] “Team RC. R.: a language and environment for statistical
computing vienna, Austria: R foundation for statistical
computing,” 2017, https://www.r-project.org/.

[25] M. Migueres, C. Vellas, F. Abravanel et al., “Testing individual
and pooled saliva samples for sars-cov 2 nucleic acid: a
prospective study,” Diagnostic Microbiology and Infectious
Disease, vol. 101, no. 3, Article ID 115478, 2021.

[26] I. Smyrlaki, M. Ekman, A. Lentini et al., “Massive and rapid
COVID-19 testing is feasible by extraction-free SARS-CoV 2
RT-PCR,” Nature Communications, vol. 11, no. 1, p. 4812,
2020.

[27] N. S. Sahajpal, A. K. Mondal, S. Ananth et al., “SalivaSTAT:
direct-PCR and pooling of saliva samples collected in
healthcare and community setting for SARS-CoV 2 mass
surveillance,” medRxiv, vol. 11, no. 5, p. 904, 2020.

[28] V. De Almeida Pdel, A. A. S. De Lima, A. M. Grégio et al.,
“Saliva composition and functions: a comprehensive review,”
;e Journal of Contemporary Dental Practice, vol. 9, no. 3,
pp. 72–80, 2008.

8 Advances in Virology

https://www.r-project.org/

