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ARTICLE INFO ABSTRACT

Keywords: Massive testing to detect SARS-CoV-2 is an imperious need in times of epidemic but also presents challenges in
SARS-CoV-2 terms of its concretization. The use of saliva as an alternative to nasopharyngeal swabs (NPS) has advantages,
COVID-19 being more friendly to the patient and not requiring trained health workers, so much needed in other functions.
}S{;rr;:ifilj/ity This study used a total of 452 dual samples (saliva and NPS) of patients suspected of having COVID-19 to
Saliva compare results obtained for the different specimens when using RT-PCR of RNA extracted from NPS and saliva,

as well as saliva directly without RNA extraction.

SARS-CoV-2 was not detected in 13 saliva (direct) of the 80 positive NPS samples and in 16 saliva (RNA) of a
total of 76 NPS positive samples. Sensitivity of detection of viral genes ORFlab, E and N in saliva is affected
differently and detection of these genes in saliva samples presents great variability when NPS samples present Ct-
values above approximately 20, with sensitivities ranging from 76.3% to 86.3%. On average an increase in 7.3
Ct-values (average standard deviation of 4.78) is observed in saliva samples when compared to NPS.

The use of this specimen should be carefully considered due to the false negative rate and the system used for
detection may be also very relevant since the different viral genes are affected differently in terms of detection
sensitivity using saliva.

False negatives

1. Introduction does not only require specialized resources but also adds costs to the

process, risks to healthcare professionals and discomfort to the patient.

Hitherto, and more than a year after the start of the Covid-19
pandemic, nasopharyngeal swabs (NPS) remain the most frequent
sampling method, and RT-PCR, the golden standard to test for the
presence of SARS-CoV-2 [1]. This is justified mainly due to the high viral
load in the upper respiratory tract in comparison to other sampling
points [2] and the sensitivity and specificity of RT-PCR. Nonetheless,
many other tests have been developed until now but care should be
taken in the interpretation of results due to the myriad of factors that can
affect the quality and reliability of the results [3]. Pandemic periods lead
to the need for mass testing, something that can be challenging mainly
since the collection of samples is dependent on trained professionals and
specific materials, even as simple as swabs. Collection of NPS samples
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Alternative matrices have also been tested for the presence of
SARS-CoV-2 [4]. Indeed, saliva has proven to be an interesting diag-
nostic specimen for respiratory virus [5-7] and particularly for
SARS-CoV-2 [5, 8-16]. More data concerning the use of alternative
testing methods and specimens are needed to support decisions on
alternative approaches with maximum safety and certainty, and the
work here presented aims at contributing to a better understanding of
the use of saliva specimens in RT-PCR to detect SARS-CoV-2.
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2. Material and methods
2.1. Sample collection

A total of 452 dual samples (NPS and saliva) were collected for the
present work between 14th December 2020 and 27th January 2021.
Sample providers for this study were patients oriented to perform the
detection of SARS-CoV-2 either because of having experienced high-risk
contacts with positive COVID-19 patients or because of showing symp-
toms potentially indicative of COVID-19. They were previously
informed in writing about the purpose and procedure of the study and
consented to participate by providing the samples. This work was
considered exempt from review by an institutional ethical review board,
because it comprises use of completely anonymized specimens obtained
voluntarily and informed.

NPS samples were collected by healthcare workers from ACES
Cavado III Barcelos/Esposende using a sterile flocked swab placed in a
sterile tube containing 1 mL of sample preservation fluid (Biogen,
China). The saliva samples were collected under the supervision of a
healthcare worker, by just letting drop mouth accumulated saliva into
empty sterile sputum containers. All samples were stored at 4 °C until
processed. RNA was stored at —80°C.

2.2. Nucleic acids extraction and preparation of samples

The extraction of RNA from samples of nasopharyngeal swabs (NPS)
and saliva was performed using MagaBio plus Virus DNA/RNA purifi-
cation kit II (BioFlux, Bioer, China) in accordance with the manufac-
turer’s instructions and using the Bioer GenePure Pro-Nucleic Acid
Purification System NPA-32P NPS samples were preserved in sample
preservation fluid (Biogen, China) and 200 pL of fluid were used for the
extraction. Saliva samples were diluted 1:1 with sample preservation
fluid (Biogen, China) and 200 pL were used for nucleic acid extraction.
Elution of RNA was performed using 80 pL of elution solution.

Saliva samples were also prepared to be used directly in the RT-PCR
reaction without RNA extraction according generally to a published
work [17], using proteinase K (NZYTech, Portugal) and heating at 95°C
for 5 min.

2.3. Real-Time reverse transcriptase-polymerase chain reaction assay
(RT-PCR) for SARS-CoV-2

Extracted nucleic acid 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 instructions.
According to the manufacturer’s information the lower limit of detec-
tion of the test was 300 copies/mL for both swab and sputum samples.
Prepared as previously described, 10 pL of extracted RNA or saliva
samples were added into 20 pL of the reaction mixture. Reactions were
incubated at 50 °C for 15 min and 95 °C for 3 min, 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 ORFlab. At the end of
each of the last 40 cycles, the signals of FAM, JOE, ROX and Cy5 fluo-
rescence signals were registered. The internal control present in all the
reactions was detected using the Cy5 fluorescence signal. For each gene,
a cycle threshold value (Ct value) less than or equal to 36 was defined as
positive, and more than 36 or no value was considered as negative.

2.4. Statistical analysis

Data were analysed following conventional methodologies [18],
mainly as available in the R base package [19], with a special reference
to the "binom.test" and the "mcnemar.test" functions to compare pro-
portions and the "wilcox.test" to carry out Wilcoxon signed-rank tests.
The "nortest" package was used to test for normality using
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Anderson-Darling, Cramer von Mises and Shapiro-Wilk tests. All graphs
were produced using routines written by the authors using the R
language.

3. Results
3.1. Characterization of the participants in the study

In this study, which occurred during one of the most critical periods
of the pandemic in Portugal, a total of 226 participants were tested for
the presence of SARS-CoV-2, by collecting in parallel NPS and saliva
samples. Approximately 39% of the positive NPS samples were from
men and 61% from women across several age groups (Table 1).

3.2. Comparison between results obtained for NPS and saliva samples

In the present work, saliva samples from the same patient were ob-
tained and analysed to detect possible differences in the detection of
COVID-19 patients, when compared to NPS samples, considered as
reference. A total of 452 dual samples were tested, of which 80 (35.4%)
patients revealed to be positive for SARS-CoV-2 when NPS was analysed.

Saliva samples were analysed directly without extraction (SD) and its
RNA after extraction (SE). As can be observed in Table 2, all the 142
negative samples obtained when analysing SD samples were also NPS
negative. However, four negative NPS samples, were positive in SD. The
comparison of the NPS results (detected/not detected) with the SD and
SE results, was carried out through a binomial test considering the
number of successes as the number of different conclusions between the
NPS and SD, NPS and SE, and between SD and SE. The null hypothesis
was "HO: there is no difference between the results".

There were 16.25% of cases in which the virus is detected in the NPS
and not in the SD, which allows us to estimate, with 95% certainty, that
this situation will occur for 9 to 26% of the positive NPS samples. Of the
80 positive NPS samples, 76 were also tested for the presence of SARS-
CoV-2 after RNA extraction from saliva (4 samples did not have enough
volume for RNA extraction). Approximately 21% of non-concordant
results were observed, so it was estimated that the non-agreement rate
is, with 95% certainty, between 13 and 32%. Comparing the SD with the
SE results, there are again significant differences, albeit minor, with 95%
certainty that failures to detect the presence of the virus in SE in com-
parison with SD will occur in 3-16% of the samples analysed.

As mentioned before the rationale for the analysis presented above is
that NPS is the reference type of sample against which all other results
are checked. However, it can be argued that there is no reason to expect

Table 1
Characterization of the participants.
Women Men
Age N° % Positive Negative Positive Negative
(NPS) (NPS) (NPS) (NPS)

0alo 4 1.7 0 3 0 1

11a 21 9.29 2 7 3 9
20

21 a 27 1195 3 12 4 8
30

3la 32 1416 6 13 4 9
40

41 a 41 18.14 12 16 4 9
50

51a 49 21.68 14 17 9 9
60

61 a 33 14.60 9 11 3 10
70

71 a 13 5.75 2 6 3 2
80

8la 6 2.65 1 1 1 3
90

Total 226 100 49 86 31 60
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Table 2
Detection of SARS-CoV-2 in NPS and saliva.
NPS

SD Detected Not detected
Detected 67 (83.8%) 4 (2.7%)
Not detected 13 (2.7%) 142 (97.3%)
SE
Detected 60 (78.9%) 0

Not detected 16 (21.1%) 16 (100%)

that any of the positive results obtained in this study, whatever the type
of sample used, constitute a false positive and therefore the four negative
NPS but positive SD results should probably be faced as positive. It is
then reasonable to compute a composite reference standard against
which all other results (NP and saliva, with or without extraction) can be
compared, hoping that this could avoid any biased estimate for
sensitivity.

Following this reasoning, and using Tables 1 and 2, a composite
matrix can easily be calculated, with a total of 84 specimens, out of 226,
giving a positive result (whatever the method used). As a consequence,
NPS will detect 80 out of the 84 positive specimens, SD will detect 71 out
of the 84, and SE will detect 60. Therefore, the sensitivities of NPS, SD
and SE will be 95.24%, 84.52% and 71.43% respectively. Also,
comparing methods in pairs, i.e., NPS vs SD, NPS vs SE, and SD vs SE,
using McNemar tests, it will be seen that all methods are non-equivalent,
with p-values of 5.075 x 1077, 3.176 x 107> and 1.448 x 1070
respectively.

Despite a good overall agreement of conclusive results between NPS
and SD samples (92.5%, Table 2), this should be analysed carefully
because, as it can be seen in Table 3, the sensitivity to detect each of the
3 genes decreases clearly when using saliva. The gene ORFlab, is
detected in just 76.3% of the NPS positive samples when SD is analysed,
while genes E and N are detected in 86.3% of the NPS positive samples.

A Wilcoxon signed-rank test was used to compare the Ct values for
each gene of NPS samples with the values of the SD and SE samples, with
the hypothesis "HO: there is no difference". The results obtained show
that the differences between NPS and SD are very significant, with p-
values in the range of 1071% to 1071, Student’s t tests for paired samples
showed results similar to Wilcoxon’s tests. In view of these results, a
study of the observed differences was carried out. For this purpose, the
differences between the results obtained (differences in Ct values, SD-
NPS and SE-NPS) were calculated and compared with the NPS values.
The results thus obtained are shown in Figs. 1 and 2. In these figures, red
points represent the reference values (NPS), organized in ascending
order of the respective Ct values, and the blue bars represent the
observed differences between the values of reference (NPS) and the
values obtained for the SD or SE samples (blue dots represent no
amplification of the gene in SD or SE samples). A Ct value close to 20
(NPS samples) can be considered as the point at which, in general, the
first situations of non-detection of genes in saliva samples arise. Above
this Ct value, the number of situations with non-detection of genes in
saliva begins to increase significantly.

The analysis of these figures also shows that there is non-uniform
variation in the differences between the Ct values in saliva and NPS.
For the analysis of the differences, all situations where there were results
for the SD and SE samples were considered, calculating maximum and
minimum values, as well as the quartiles and inter-quartile ranges,
means and standard deviations (Table 4). Anderson-Darling, Cramer von

Table 3

Detection of viral genes in saliva (SD and SE) and NPS (positive) samples.
Target gene NPS SD SE
E 80/80 (100%) 69/80 (86.3%) 59/76 (77.6%)
N 80/80 (100%) 69/80 (86.3%) 65/76 (85.5%)
ORFlab 79/80 (98.8%) 61/80 (76.3%) 60/76 (78.9%)
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Mises and Shapiro-Wilk tests for normality were also carried out
(Table 5). The results obtained show that the hypothesis that the dif-
ferences between the results in the NPS and in the saliva samples, either
SD or SE, follow the laws of a normal distribution cannot be rejected, as
indicated by the normality tests, for all cases. This fact seems to indicate
that the observed differences can be characterized by an average in-
crease in Ct of approximately 7.3 (higher in saliva samples), with an
average standard deviation of 4.78, which corresponds to a high coef-
ficient of variation of about 66%. This fact explains why above Ct~20 in
NPS, as Ct increases in NPS, progressively less genes are detected in
saliva.

The analysis of RNA extracted from saliva, instead of its use directly
in the reaction, did perform worse in terms of agreement of results. The
detection rate in NPS positive samples was 4.9% lower when purified
RNA was used instead of saliva directly. In this case, the sensitivity of the
method to detect the gene E dropped significantly, as it presented
amplification in only 77.6% of the samples when compared to NPS.

4. Discussion

A meta-analysis recently performed by Guillaume Butler-Laporte and
colleagues [20] using comparative studies of performance between
saliva and NPS samples for the detection of SARS-CoV-2 reports that the
diagnostic sensitivity for saliva RT-PCR viral detection is approximately
83.2%, with values ranging from as low as 60.6% [21] to 89.4% [22]. In
our study, involving 452 dual samples, an agreement of 83.9% between
NPS positive samples and saliva samples used directly in the RT-PCR
reaction was observed.

The extraction of RNA from saliva did not show any advantage over
its use directly in the reaction. In fact, detection rate was reduced,
probably due to losses of RNA during the extraction step and the fact
that most of the RNA present in saliva originates from its microbiome, as
only 1 out of 900 000 RNA copies is from human origin [23], presenting
some challenges in terms of relative concentration. The rate of agree-
ment (78.9%) was affected mainly due to a significant decrease in
sensitivity to detect the ORFlab and E genes. As mentioned by Chantal
Vogels and colleagues [17], several works have already shown that the
RNA extraction step can be skipped without significant impact on
sensitivity.

According to previous works, the ORFlab gene, the most conserved
of the three viral genes tested, presents low sensitivity, and the other
target genes N and E, are less conservative but more sensitive [24]. We
found a significant decrease in the sensitivity to detect the presence of
the ORF1ab gene when saliva is used directly, and also in gene E, mainly
when RNA is extracted from saliva. In fact, the use of SD or SE samples
started failing to be reliable at Ct values higher than approximately 20
(in NPS), with some genes failing to be detected in saliva.

Just as in the present work, in previous comparative studies, some
negative NPS samples have been found to be positive in saliva or sputum
[10, 15, 21, 25]. This may result from the existence of false NPS posi-
tives, but it must be kept in mind that PCR positivity seems to decrease
slower in sputum than in NPS [26].

In this work, performance of saliva as a specimen to detect SARS-
CoV-2 was overall good when compared to NPS results (209/226,
92.5%). Nevertheless, one must realize that, around 16% of NPS positive
specimens pass undetected in saliva used directly in the reaction and
21,5% in RNA extracted from saliva. Therefore, its use in daily routine
analysis should be carefully taken and critically analysed in terms of
scope and circumstances. Due to a lower sensitivity of some viral genes
to be detected in saliva, its use in diagnosis does not seem to be the right
choice. However, in massive screening of populations, it is probably an
option that may present a good compromise between convenience and
efficacy. The high degree of transmissibility, and the fact that many
SARS-CoV-2 carriers are asymptomatic, leads to the need for extensive
screening campaigns to identify infected individuals, thus breaking the
transmission chain.
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Fig. 1. Title: Ct values (NPS vs SD). Legend: NPS (red) and differences of NPS to SD (blue) Ct values. (For interpretation of the references to colour in this figure

legend, the reader is referred to the web version of this article.)

The apparent limitation of presenting lower sensitivity to detect
SARS-CoV-2 positives should be analysed carefully in terms of its clinical
relevance as some authors refer that PCR positivity seems to decrease
slower in sputum than in NPS [26]. Culturability of viral particles
detected in samples presenting high Ct values is also very low and the
probability of isolating infectious SARS-CoV-2 is less than 5% when the
viral load is below 6.63 log;g RNA copies/mL [27]. Jared Bullard and
colleagues [28] have failed to infect Vero cells when samples presented
Ct values higher than 24 for the E gene. Despite being one of the most
reliable and used methods to detect the presence of SAR-CoV-2 carriers,
its high sensitivity leads to the detection of positives with such a low
viral load that the probability of spreading the virus may also be reduced
[29, 30]. In fact, even after long periods after infection, it is possible to

find viral load in NPS and sputum samples by RT-PCR. Licia Bordi and
colleagues [8] have observed viral shedding even up to 100 days from
symptoms onset. Saliva may therefore be considered for massive
screenings of general population, taking in attention the gene targets
due to different loss of sensitivity in saliva. But in preventive screenings,
often taken on places with large numbers of vulnerable and high-risk
groups, as older people, where the main purpose of the screening is to
prevent, in the very beginning, the start of any chain of transmission, its
use may present high risks because it will not be able to detect early
infected patients presenting low SARS-CoV-2 levels.
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Table 4

Statistics for differences between NPS and SD and between NPS and SE Ct values.
Ct differences | gene Mean SD IQR MIN Q1 Q2 Q3 MAX
SD-NPS | gene N 6.81 4.78 6.36 17.74 10.16 7.09 3.80 4.97
SE-NPS | gene N 7.94 5.10 6.57 19.08 11.52 8.40 4.95 6.25
SD-NPS | gene E 6.32 4.51 7.00 16.90 10.03 6.63 3.03 3.26
SE-NPS | gene E 8.06 4.76 6.66 18.14 11.82 8.45 5.16 2.61
SD-NPS | ORFlab gene 6.77 4.68 7.36 16.92 10.31 7.31 2.95 2.90
SE-NPS | ORF1ab gene 7.80 4.81 6.35 17.76 11.07 8.66 4.73 4.08
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Table 5

Normality tests for differences between NPS and SD and between NPS and SE Ct values.
Ct differences | gene AD (A) AD (p.value) CVM (W) CVM (p.value) SW (W) SW (p.value)
SD-NPS | gene N 0.48936 0.2148 0.076515 0.2262 0.98128 0.3886
SE-NPS | gene N 0.35488 0.4506 0.052738 0.4660 0.98146 0.4381
SD-NPS | gene E 0.65813 0.08226 0.10271 0.1009 0.97419 0.1635
SE-NPS | gene E 0.47494 0.2319 0.060891 0.3626 0.97134 0.1773
SD-NPS | ORFlab gene 0.59294 0.1190 0.10277 0.1003 0.97336 0.2039
SE-NPS | ORFlab gene 0.48324 0.2213 0.080567 0.1997 0.97582 0.2779
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