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ARTICLE INFO ABSTRACT

Keywords: Coronavirus disease 2019 (COVID-19) is caused by severe acute respiratory syndrome coronavirus 2 (SARS-COV-
SARS-CoV-2 2) and represents a global pandemic affecting more than 26 million people and has claimed >870,000 lives
Nasopharyngeal swab worldwide. Diagnostic tests for SARS-COV-2 infection commonly use nasopharyngeal swabs (NPS). As an
IS:,}l_l;zR alternative specimen, we investigated the potential use of the real-time reverse transcriptase PCR (RT-PCR)
COVID-19 detection of SARS-COV-2 in saliva samples in large suspected-COVID-19 patients in Kuwait.

NPS and saliva samples pairs were prospectively collected from 891 COVID-19 suspected patients in Kuwait
and analyzed using TagPath™ COVID-19 multiplex RT-PCR.

Of the 891 patients, 38.61 % (344/891) were positive for SARS-CoV-2, 4.83 % (43/891) were equivocal, and
56.56 % (504/891) were negative with NPS by RT-PCR. For saliva, 34.23 % (305/891) were positive for SARS-
CoV-2, 3.14 (28/891) were equivocal, and 62.63 % (558/891) were negative. From 344 confirmed cases for
SARS-CoV-2 with NPS samples, 287 (83.43 %) (95 % CI, 79.14-86.99) were positive with saliva specimens.
Moreover, the diagnostic sensitivity and specificity of RT-PCR for the diagnosis of COVID-19 in saliva were 83.43
% (95 % CI: 79.07-87.20) and 96.71 % (95 % CI: 94.85-98.04 %), respectively. An analysis of the agreement
between the NPS and saliva specimens demonstrated 91.25 % observed agreement (k coefficient = 0.814, 95 %

CL 0.775-0.854).

This study demonstrates that saliva can be a noninvasive specimen for detection of SARS-CoV-2 by RT-PCR.

1. Introduction

In late December 2019, the coronavirus disease (COVID-19) occurred
in Wuhan, China, and spread rapidly to become public health emergency
of international concern, which is caused by severe acute respiratory
syndrome coronavirus 2 (SARS-CoV-2) infection [1-4]. The typical
symptoms of COVID-19 are fever, dry cough, myalgias and/or fatigue,
loss of smell and taste, sputum production, and shortness of breath [5,6].
At present, there is no specific antiviral treatment recommended for
COVID-19, and no vaccine is available [5]. Early diagnosis and isolation
of infected individuals will play a vital role in stopping the further
escalation of the pandemic [5].

SARS-CoV-2 has been detected in a variety of oral samples, including
whole saliva, oral swabs, oropharyngeal swabs, and deep saliva/sputum
[7-9]. Nasopharyngeal swabbing, followed by quantitative real-time
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reverse transcription polymerase chain reaction (RT-PCR) technique of
the extracted RNA, is the gold standard for detection of SARS-CoV-2
infection [10,11]. However, it has been reported that self-collected of
saliva samples in comparison with nasopharyngeal swabs can greatly
decrease the chance of exposing healthcare workers to SARS-CoV-2 [8].
The potential use of saliva for the detection of SARS-CoV-2 infection
appears clinically useful [12-14], but further validation diagnostic ac-
curacy studies comparing saliva to matched nasopharyngeal swabs
(NPS) in positive and negative patients are needed [15]. Moreover, the
U.S. Food and Drug Administration (FDA) authorized the first diagnostic
test with the option of using home-collected saliva samples for
COVID-19 testing [16].

The situation in Kuwait may be under control as the Ministry of
Health declared the first case on 24 February 24, 2020. As a result of the
648,051 tests carried out as of September 7, 2020, a total of 90,387 cases
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Table 1
Detection rate of SARS-COV-2 by RT-PCR in suspected-COVID-19 patients in
saliva specimens.

Nasopharyngeal swabs (%) Saliva specimens (%) p values
Negative 504 (56.56) 558 (62.23) 0.0091
Equivocal 43 (4.83) 28 (3.14) 0.0693
Positive 344 (38.61) 305 (34.23) 0.0549
Total 891 (100) 891 (100)

were confirmed, and the number of deaths recorded was 546 (https://
corona.e.gov.kw/En/). We aimed to investigate the potential use of
the RT-PCR detection of SARS-COV-2 in saliva samples as an alternative
diagnostic specimen in large suspected-COVID-19 patients in Kuwait.

2. Materials and methods

This was a cross-sectional study conducted among 891 suspected
COVID-19 admitted consecutively to the Al-Sabah, Jaber, and Alrazi
Hospitals, Kuwait between 19 and 21 July 2020.

The study protocol was approved by the permanent Committee for
Coordination of Medical and Health Research, Ministry of health,
Kuwait and the study was conducted in accordance with the ethical
guidelines of the 1975 Declaration of Helsinki as reflected in a priori
approval by the institution’s human research committee. NPS and saliva
samples pairs were collected from 891-suspected SARS-CoV-2 infection.

To collect NPS, the swab was passed through the nostril until
reaching the posterior nasopharynx and removed while rotating. After
swabbing, each absorbent swab was placed immediately into a sterile
tube with viral transport medium. Whole saliva (=~1.5 mL) was collected
after deep cough from the suspected patients into a sterile container.
Viscous saliva was added to 300 pL of viral transport media (VTM),
mixed vigorously, and then 200 pL of sample was used for RNA isolation.
NPS and saliva samples were collected at the same time. All medical staff
was equipped with personal protection equipment. Viral RNA was
automatically extracted from 200 pL of the NPS and saliva specimens
using the MagMax Viral/Pathogen Nucleic Acid Isolation Kit (Thermo
Fisher Scientific, Waltham, MA, USA) on KingFisher (Thermo Fisher
Scientific, Waltham, MA, USA) according to the manufacturer’s in-
structions. A negative extraction control (molecular-grade, nuclease-
free water) was added to each KingFisher extraction run and carried
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through to quantitative real-time reverse transcription polymerase chain
reaction (RT-PCR). RT-PCR was performed using TagPath™ COVID-19
multiplex real-time RT-PCR test (the Orflab, N and S genes) (Thermo
Fisher Scientific, Waltham, MA, USA) according to the manufacturer’s
instructions. Negative and positive controls were run simultaneously
with samples. RT-PCR including cDNA synthesis and PCR amplification
of the target sequences was performed on the QuantStudio 5 real-time
PCR system. The result was considered positive if cycle threshold (Ct)
values were <37 for three SARS-CoV-2 targets (the ORF1lab, the N, and
the S genes). Samples positive for one or two targets were considered
equivocal.

2.1. Statistical analysis

For categorical variables, the Chi-square test was used. Differences in
continuous variables were compared using the Mann-Whitney U test
Additionally, sensitivity, specificity, positive and negative predictive
values and their 95 % confidence intervals (CI) were calculated to assess
diagnostic performance. Agreement between the NPS and saliva speci-
mens for the virus detection ability was assessed using Cohen’s Kappa (k
coefficient). Bland-Altman analysis was used to compare the cycle
threshold (Ct) values between NPS and saliva. All P-values were two-
sided and P < 0.05 was considered significant. Statistical analyses
were performed using GraphPad PRISM version 6.0e (GraphPad Soft-
ware, San Diego, CA, USA) or MedCalc statistical software.

3. Results

Eight hundred ninety-one sample pairs of NPS and saliva samples
were collected (Table 1). Of the 891 suspected subjects, 38.61 % (344/
891) were positive for SARS-CoV-2, 4.83 % (43/891) were equivocal,
and 56.56 % (504/891) were negative with NPS by RT-PCR. For saliva,
34.23 % (305/891) were positive for SARS-CoV-2, 3.14 (28/891) were
equivocal, and 62.63 % (558/891) were negative (Table 1). Compara-
tive study between NPS and saliva samples, showed significant differ-
ence regarding negative result (P = 0.0091) (Table 1).

In our study, 344 cases were tested positive for NPS nucleic acid
detection. Among these 344 patients, there were 287 (83.43 %) (95 %
CI, 79.14-86.99 %) were positive with saliva specimens. In 324 COVID-
19 patients, based on the result of RT-PCR obtained using NPS, there
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Fig. 1. Cycle threshold (Ct) values in nasopharyngeal swabs (NPS) and saliva specimens positive for SARS-CoV-2 for three targets (ORFlab, N gene, and S gene).
Data are presented as median and bars represent the interquartile range. The Mann-Whitney U test was used for comparison.


https://corona.e.gov.kw/En/
https://corona.e.gov.kw/En/

H. Altawalah et al.

A) 10, ORF1ab
3
5deesescscecsscscsscasccsscssssacses Pecesene b X PP Upper limit: 4.767
e
L4
. « 2 20, .0
8o . .'.l‘(!'!‘ S
c S . PVEgp R <o
gi 0 v — = s , Bias: 0.118
> .
£ 5 10 20 o Lot cgb e e 40
a : AT
° X\ A
. FORTIA S
P R A ."‘o... Lower limit: -4,528
-10-
B) 10- N gene
5 Sogesseees Upper limit: 5.236
gi o Bias: 0.153
>
E o
80
.54 seseqesseces Lower limit: -4,929
. .
-10-
C) 10+ Sgene
T Py . ....' ...... % eeee Upper limit: 4.752
L]
23
2%
£2
ao
-10-

Fig. 2. Bland-Altman analysis for the Ct values with NPS and saliva specimens.
Consistency analysis of Ct values based on ORFlab (A), N gene (B), and S gene
(C). Dashed lines indicate 95 % limits of agreement.

Table 2
Assessment of the diagnostic accuracy of COVID-19 in saliva specimens.

Value (%) (95 % CI)

Sensitivity 83.43 (79.07-87.20)
Specificity 96.71 (94.85-98.04)
Positive likelihood ratio 25.35 (16.06-40.03)
Negative likelihood ratio 0.17 (0.14-0.22)

Positive predictive value 94.10 (90.99-96.18)
False discovery rate 5.90 (3.63-9.33)

Negative predictive value 90.27 (87.98-92.17)
Accuracy 91.58 (89.56-93.32)

were 193 (59.57 %) male and 131 (40.4 %) female patients.

The median Ct values were not significantly different between NPS
and saliva (P > 0.05), suggesting same viral loads in both samples
(Fig. 1, Supplementary Fig. 1). Moreover, Bland-Altman analysis per-
formed on the quantitative results obtained by NPS versus saliva and
demonstrated similar close agreement (Fig. 2).

Additionally, a comprehensive assessment of the diagnostic accuracy
of COVID-19 using nucleic acid detection in saliva specimens was per-
formed (Table 2). Using NPS RT-PCR as the reference standard, the
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sensitivity and specificity of RT-PCR for the diagnosis of COVID-19 in
saliva were 83.43 % (95 % CI: 79.07-87.20) and 96.71 % (95 % CI:
94.85-98.04 %), respectively. Notably, analysis of the agreement be-
tween the NPS and saliva specimens demonstrated 91.25 % observed
agreement (x coefficient = 0.814, 95 % CI, 0.775-0.854).

4. Discussion

Throat swabs are the gold standard to diagnose COVID-19. However,
NPS is relatively invasive, induce coughing and cause bleeding occa-
sionally, which may increase risks of healthcare workers infection [17].
The use of saliva samples for diagnosis of COVID-19 has many advan-
tages in clinical practice. First, collecting saliva is a non-invasive pro-
cedure and rather than nasal or throat swabs avoids patient discomfort.
The second advantage of using saliva as specimen is related to possibility
of collecting samples outside the hospitals [18]. In addition, saliva can
be used to detect SARS-CoV-2 in both symptomatic patients and
asymptomatic carriers [19]. There are several limitations to our study.
Firstly, we have not evaluated the detection sensitivity regarding
COVID-19 severity. Secondly, we don’t have enough information
regarding clinical data of COVID-19 patients. Moreover, saliva-based
testing requires a careful preparation prior to RNA extraction and to
get the right volume (minimum 1.5 mL).

In this study, we found that the detection rate of SARS-CoV-2 by
saliva RT-PCR was 83.43 %. The result was in accordance with the
previous studies and showed that the detection rate of SARS-CoV-2
ranges from 31 % to 100 among COVID-19 patients [8,13,14,20-22].
Moreover, the temporal profile of viral load in saliva reached the peak of
viral load during the first week of symptom onset and then declined, but
viral RNA could still be detected for 20 days or even longer 20]. Inter-
estingly, Fakheran et al. reported that there is no statistically significant
difference between nasopharyngeal and saliva samples regarding viral
load [18]. In addition, previous data showed that
angiotensin-converting enzyme II (ACE2) —SARS-CoV-2 host-cell re-
ceptor — is expressed in the salivary glands and SARS-CoV-2 can be
detected in saliva. These results confirm the possibility of the presence of
SARS-CoV-2 in saliva [17,23]. Thus, several dental clinics in Japan are
currently performing pre-clinical COVID-19 PCR tests using a
saliva-based detection kit [24].

Our results showed that the saliva RT- PCR test demonstrated high
sensitivity (83.43 %) and specificity (96.71 %) and comparable perfor-
mance to the current standard of nasopharyngeal swab. This data seem
in agreement with previous cross-sectional study (sensitivity and spec-
ificity of the saliva sample RT-PCR are 84.2 % and 98.9 %, respectively)
[12]. Furthermore, in recent meta-analysis, the sensitivities for
SARS-CoV-2 were 91 % (95 % CI, 80-99 %) and 98 % (95 % CI, 89-100
%) for saliva and for NPS samples, respectively [25]. Interestingly, Kim
and al. revealed no significant difference in the sensitivity and speci-
ficity of saliva- and NPS-based tests for 11 different viral respiratory
infections, including coronaviruses [26]. Recent study showed that
saliva pools of either five or ten samples did not compromise the
detection of SARS-CoV-2 [27]. Moreover, the k coefficient value showed
a strong agreement of the diagnosis between the NPS and saliva spec-
imen similar to previous data [12].

In conclusion, this study brought more evidence that saliva-based
testing is a promising alternative sampling for SARS-CoV-2 detection
by RT-PCR and could simplify and accelerate COVID-19 diagnosis.
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