Al-Ani et al. | Article 7880
J Pure Appl Microbiol. 2022;16(4):2416-2424. doi: 10.22207/JPAM.16.4.02 O
Received: 04 June 2022 | Accepted: 08 August 2022

SN

Published Online: 28 September 2022 —

JOURNAL OF PURE AND APPLIED MICROBIOLOGY

P-ISSN: 0973-7510; E-ISSN: 2581-690X

RESEARCH ARTICLE OPEN ACCESS

Efficacy of the Examination of Saliva Sample by
Reverse Transcriptase-Polymerase Chain Reaction in
Detection of SARS-CoV-2 in Al-Fallujah City, Iraq

Hind Q. Jameel Al-Ani'(>}, Noor N. Al-Hayani?(® and Raid M. Al-Ani3*

'Anbar Health Directorate, Al-Faluja Healthcare Sector, Al Falojah City, Irag.
’Department of Microbiology/Virology, College of Medicine, University Of Anbar, Ramadi City, Iraq.
3Department of Surgery/Otolaryngology, College of Medicine, University Of Anbar, Ramadi City, Iraq.

Abstract

Saliva samples could be used as a non-invasive method to diagnose COVID-19. We aimed to assess
the results of the reverse transcriptase-polymerase chain reaction (RT-PCR) of saliva specimens in
the detection of COVID-19. We collected saliva and nasopharyngeal (NP) samples from consecutive
COVID-19 suspects in Al-Fallujah Teaching Hospital, Anbar, Iraq from November 29, 2021 to February
15, 2022. The results of the two specimens were compared using RT-PCR. For the positive saliva
tests, repetition of the test was undertaken at weekly intervals for four weeks from the time of the
presentation. There were 55% men and 60% people < 35 years. The majority of cases presented within
2-5 days (92%) and were of mild severity (89%). A hundred pairs of samples were taken. COVID-19 was
diagnosed by NP swab RT-PCR in 56% and 31% of the saliva samples. The saliva samples had 100%
sensitivity (95% confidence interval [Cl] 60.4% e96.6%), 63.8% specificity (95% Cl 96.1% €99.9%),
and mild coefficient agreement (kappa coefficient = 0.522). The positive test for the saliva samples
remained as such in all examined cases in the first and second weeks after the first test, 31/31 and
30/30, respectively. While half of them were positive in the third week (15/30). All cases became
negative in the fourth week (0/15). We recommend not using the saliva swab as an alternative to the
NP swab in the detection of the SARS-CoV-2 by RT-PCR. However, saliva sample can be used for the
follow-up of the COVID-19 subjects, in children, elderly, and handicapped patients.
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INTRODUCTION

The causative agent of the coronavirus
disease-19 (COVID-19) is the severe acute respiratory
syndrome coronavirus 2 (SARS-CoV-2) virus. On March
11, 2020, the World Health Organization (WHO)
considered this infection a pandemic with new cases of
508,041,253 and deaths of 6,224,220 all over the world
as registered on 26-4-2022 (https://covid19.who.int/).

The main step in controlling the COVID-19
pandemic is the detection of SARS-CoV-2 in suspicious
cases or in an individual with whom they have contact
with infected subjects. Besides, obtaining an ideal
clinical specimen to find the virus is the main effect in
controlling the pandemic.!

The gold standard technique for the diagnosis
of COVID-19 is the examination of the nasopharyngeal
(NP) and oropharyngeal swabs by reverse transcriptase
polymerase chain reaction (RT-PCR).? Nevertheless,
this technique has many drawbacks, it needs some
experience in taking the sample, poor sensitivity, causes
discomfort to the suspected COVID-19 individuals,
and it increases the risk of exposure to the healthcare
workers.?

Although swabs from the nasopharynx and
oropharynx are mostly used for detection of the SARS-
CoV-2, other body fluids can be used for this purpose,
like blood, sputum, urine, nasal secretion, etc.* Saliva is
one of the biological fluids used for the detection of the
virus by RT-PCR test. The validity of diagnostic accuracy
has been investigated by previous studies.® The saliva
sampling carries the following advantages; self-collection
way, non-invasive, and the saliva contains various
salivary metabolomics which aid in differentiating the
severity of COVID-19 from asymptomatic to severe
cases.® Moreover, the diagnosis of the viruses in the
saliva specimens depends on the detection of the viral

Figure 1. After stroking the submandibular gland by
the subject for one minute, he collects the saliva using
a nylon swab

RNA, DNA, microRNA, and antigens. SARS-CoV-2 has an
RNA genome that is quite similar to that of the severe
acute respiratory syndrome coronavirus (SARS-CoV),
which is the causal agent of SARS.”® SARS-CoV-2 uses
the host cell angiotensin-converting enzyme 2 (ACE-2)
as the major host receptor for cellular entrance, just like
SARS-CoV.° Previous research has found that salivary
glands have higher levels of ACE-2 expression than the
lungs,*® and that the epithelial cells lining the salivary
gland duct were early targets of SARS-CoV infection
in rhesus macaques.™ SARS-CoV was found in saliva
samples as well.?? As a result, salivary glands could be
a potential target for SARS-CoV-2 infection, and saliva
could be a sample for SARS-CoV-2 detection.

The viral load of SARS-CoV-2 has recently been
shown to be high just before the start of the disease.
Utilizing a saliva sample as a specimen for disease
screening seems to be an interesting concept.”® Another
interesting issue in virology, some viruses remain in the
saliva for up to 29 days, indicating that the saliva can
be used as a useful diagnostic tool for early diagnosis,
follow-up, and treatment of viral diseases.****

Several studies from various countries
examine the role of saliva as a valuable specimen in the
detection of SARS-CoV-2 and compare its results with
NP or oropharyngeal swabs in the same individual 3%’
A recent study from Iran reported that the saliva swabs
cannot substitute NP samples, but they can increase
the detection rate and can be used together with NP
samples.’® To our best knowledge, there is no study
from Iraq concerning this issue. The major goal of the
investigation was to contrast the findings of the RT-PCR
tests on the identical COVID-19 suspects' saliva and NP
swabs. The secondary goal was to test the saliva, at
weekly intervals for four weeks from the time of the
presentation, in those with positive saliva RT-PCR test.

MATERIALS AND METHODS

A cross-sectional study was performed on
100 COVID-19 suspects who visited an acute respiratory
infection clinic at Al-Fallujah Teaching Hospital in Al-
Anbar Governorate, Irag, between November 29, 2021
and February 15, 2022. Those who had suspicious
symptoms of COVID-19 like fever, cough, dyspnea,
etc. for 2-8 days, of both sexes, and over the age of 15
years met the inclusion criteria. Subjects < 15 years of
age, those who had previous COVID-19, oral or salivary
gland diseases or surgeries, or previous radiotherapy to
the head and neck, patients who were taking drugs that
increase or decrease the saliva secretion, and those who
didn’t wish to participate in the study were excluded.

Data were gathered from every participant
regarding the patient demographics, duration of the
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disease, symptoms at the time of presentation, and
residence.

Under full aseptic technique and precautions
(personal protective equipment), NP and salivary swabs
were obtained using separate Nylon Swabs and sterile
tubes containing VTM (Virus Transport Medium-TM)
for each specimen. Individuals were asked to produce
a volume of 1-2 ml of saliva before the swabs were
collected (Figure 1).

The subjects were divided into two groups
according to the severity of the disease (mild and
moderate to severe).

For the positive RT-PCR of the saliva at the time
of the presentation, we took four saliva specimens from
all individuals at weekly intervals. The Ethical Approval
Committee of the University Of Anbar examined and
approved the study protocol (reference number 20
on 8-5-2022). Informed consent was taken from every
participant.

Specimen Preparation

The Central Health laboratory in the Al Anbar
Health Directorate labeled the pairs of specimens; 1) NP
and saliva swabs in two tubes, which were processed by
technicians. We use a lysis buffer to treat samples from
the collection container. 2) To inactivate SARS-CoV-2.
A total of 200 ml of viral RNA was isolated from the

samples. 3) Nucleic Acid Extraction Kit ("Magnetic Beads,
Muenster, Germany) and a completely automated
nucleic acid extraction system (AeHealth) in 10 minutes
according to the manufacturer's instruction.

Reverse Transcriptase-Polymerase Chain Reaction
Work

The SARS-CoV-2 Nucleic Acid Detection Kit
(Multiplex PCR Florescent Probe Method) detects SARS-
CoV-2 in respiratory specimens such as oropharyngeal
swabs, sputum, bronchoalveolar lavage fluid, NP, and
saliva swabs in vitro. Primer sets and FAM labeled
probes are designed for specific detection of the ORFlab
gene of SARS-CoV-2, VIC labeled probe for the N gene
of SARA-CoV-2. The human RNase P gene extracted
concurrently with the test sample provides an internal
targeting human RNase P gene labeled with CY5. The
CFX96 Real-Time Detection System was used to perform
RT-PCR (Bio-Rad, Optics, Singapore). The used PCR
primers are shown in the Table 1.

When the cycle threshold (Ct) values of both
FAM and VIC, which target genes ORFlab and N gene,
respectively were < 38 and the amplification curve
was S-shaped, the result was regarded as positive, and
when the Ct values of both targets were > 38, the result
was considered negative (Figure 2). The samples with
discordant Ct values were retested; that is, samples with

Table 1. The used polymerase chain reaction (PCR) primers

Name Description Oligonucleotide Sequence (5" >3")
2019-nCoV_N1-F 2019- nCoV_N1 GAC CCC AAA ATC

Forward Primer  AGC GAA AT
2019-nCoV_N1-R 2019- nCoV_N1 TCT GGT TAC TGC CAG

Reverse Primer  TTG AAT CTG

2019- nCoV_N1-P  2019- nCoV_N1

FAM-ACC CCG CAT TAC

Probe GGT TGG TGG ACC-
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Figure 2. The results of the RT-PCR of the NP swab of two patients. A) Positive and B) Negative
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one target gene with a Ct value of > 38 and another
with a Ct value of < 38. The specimens with recurring
discordancy were declared as negative during the
retesting. The diagnostic process took around 2 hours
to complete. The technician who did the RT-PCR tests
for the samples was unaware of the patient's detail.

Table 2. Demographic and clinical characteristics of the
100 COVID-19 suspects

Variable Frequency Percent
Age groups per years

< 35vyears 60 60%
> 35 years 40 40%
Gender

Male 55 55%
Female 45 45%
Residence

Urban 74 74%
Rural 26 26%
Duration groups per days

2-5 92 92%
6-8 8 8%
Severity

Mild 89 89%
Moderate to severe 11 11%

Statistical Analysis

The data were entered and analyzed using
SPSS version 26 for the window. For continuous
variables, the mean and standard deviation (SD) were
used. While the categorical variables were presented
in simple tables as frequencies and percentages. The
Chi-Square test was used in the comparison of the
categorical variables. The result of the RT-PCR of the NP
was considered the reference standard to determine the
sensitivity, specificity, and predictive value of salivary
samples, and the accuracy measures of salivary samples
were expressed as percentages with a 95% confidence
interval. The Kappa coefficient was used to measure the
agreement between the results of the RT-PCR of NP and
saliva samples. A P-value of less than 0.05 is considered
a statistically significant difference.

The following equations were used to
determine the sensitivity, specificity, positive predictive
value, and negative predictive value:

Sensitivity = true positive/(true positive+ false negative)
Specificity = true negative/(true negative + false positive)
Positive predictive value = true positive/(true positive+
false positive)

Negative predictive value = true negative/(true negative
+ false negative)

Table 3. A 2 X 2 table of the results of RT-PCR of the NP and saliva swabs

Saliva swab Nasopharyngeal swab P-value
Positive (n/%) Negative (n/%) Total (n/%)
Positive 31 (100%) 0 (0%) 31 (100%) 0.000
Negative 25 (36.2%) 44 (63.8%) 69 (100%)
Total 56 (56%) 44 (44%) 100 (100%)
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Figure 3. Flowchart of the COVID-19 suspects who were tested paired with saliva and NP samples for detection

of SARS-CoV-2 by RT-PCR
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Table 4. Relationship between the results of the saliva RT-PCR and the clinical symptoms of the 100 COVID-19

suspects
Variable Saliva RT-PCR results P-value
Positive Positive Total
(n, %) (n, %) (n, %)
Cough 0.09
Yes 31 (33%) 63 (67%) 94 (100%)
No 0 (0%) 0 (100%) 0 (100%)
Headache 0.540
Yes 25 (29.8%) 59 (70.2%) 84 (100%)
No 6 (37.5%) 10 (62.5%) 16 (100%)
Fever 0.744
Yes 26 (31.7%) 56 (68.3%) 82 (100%)
No 5 (27.8%) 13 (72.2%) 18 (100%)
Malaise 0.538
Yes 23 (29.5%) 55 (70.5%) 78 (100%)
No 8 (36.4%) 14 (63.6%) 22 (100%)
Arthralgia 0.680
Yes 13 (28.9%) 32 (71.1%) 45 (100%)
No 18 (32.7%) 37 (67.3%) 55 (100%)
Sneezing 0.373
Yes 16 (35.6%) 29 (64.4%) 45 (100%)
No 15 (27.3%) 40 (72.7%) 55 (100%)
Rhinorrhea 0.482
Yes 9 (26.5%) 25 (73.5%) 34 (100%)
No 22 (33.3%) 44 (66.7%) 66 (100%)
Olfactory dysfunction 0.533
Yes 5(38.5%) 8 (61.5%) 13 (100%)
No 26 (29.9%) 61 (70.1%) 87 (100%)
Dyspnea 0.777
Yes 3 (100%) 8(72.7%) 11 (100%)
No 28 (31.5%) 61 (68.5%) 89 (100%)
Gustatory dysfunction 0.683
Yes 4 (36.4%) 7 (63.6%) 11 (100%)
No 27 (30.3%) 62 (69.7%) 89 (100%)
Diarrhea 0.338
Yes 0 (0%) 2 (100%) 2 (100%)
No 31 (31.6%) 67 (68.4%) 98 (100%)
Conjunctivitis 0.501
Yes 0 (0%) 1 (100%) 1 (100%)
No 31 (31.3%) 68 (68.7%) 99 (100%)
RESULTS cases (92%) presented within 2-5 days and were of mild

Of 1018, 100 sample pairs of NP and saliva
swabs were collected (Figure 3). Fifty-five (55%)
individuals were men. The age range of the participants
was from 16 to 85 years (mean 35.95 + 14.457). Sixty
subjects were from the age group of < 35 years. The
duration of the disease ranged from 2 to 8 days, with
a mean duration of 3.77 + 1.462 days. Around three-
quarters were from urban areas. The majority of the

severity (89%) (Table 2).

Table 3 revealed that 56% of the NP swabs
were positive by RT-PCR. While 31% of saliva swabs were
positive. The sensitivity, specificity, positive predictive
value, and negative predictive value were as below:
Sensitivity = true positive/(true positive+ false negative)
=31/(31+0) =100%

Specificity = true negative/(true negative + false positive)
= 44/(44+25) = 63.8%
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Table 5. The relationship between the saliva RT-PCR results and certain variables

Variables Saliva swab P-value
Positive (n/%)  Negative (n/%) Total (n/%)

Age groups per years

<35 18 (30%) 42 (70%) 60 (100%) 0.791

>35 13 (32.5%) 27 (67.5%) 40 (100%)

Total 31 (31%) 69 (69%) 100 (100%)

Gender 0.086

Male 21 (38.2%) 34 (61.8%) 55 (100%)

Female 10 (22.2%) 35 (77.8%) 45 (100%)

Total 31 (31%) 69 (69%) 100 (100%)

Duration per days 0.679

2-5 28 (30.4%) 64 (69.6%) 92 (100%)

6-8 3(37.5%) 5(62.5%) 8 (100%)

Total 31 (31%) 69 (69%) 100 (100%)

Severity 0.777

Mild 28 (31.5%) 61 (69.6%) 89 (100%)

Moderate to severe 3 (27.3%) 8(72.7%) 11 (100%)

Total 31 (31%) 69 (69%) 100 (100%)

Table 6. The results of the PCR examination of the saliva according to the time of the presentation

Timing Positive PCR  Negative PCR Loss of follow-up Total
N (%) N (%) N (%)

At presentation 31 (100) 0(0) 0(0) 31 (100)

One week 31 (100) 0(0) 0(0) 31 (100)

Two weeks 30(96.8) 0(0) 1(3.2) 31 (100)

Three weeks 15 (50) 13 (43.3) 2(6.7) 30 (100)

Four weeks 0(0) 10 (66.7) 5(33.3) 15 (100)

Positive predictive value = true positive/(true positive+
true positive) = 31/(31+25) = 55.4%

Negative predictive value = true negative/(true negative
+ false negative) = 44/(44+0) =1=100%

There was a mild agreement between the two
specimens (kappa coefficient 0.522, 95% Cl 0.723e0.979;
P-value = 0.000).

Cough was the most common symptom (94%)
and conjunctivitis was the least common (1%). There
were no statistically significant differences between the
results of the saliva RT-PCR and the symptoms (P-value
> 0.05) (Table 4).

Out of 31 positive RT-PCR tests of the saliva,
there were 18 (30%) from the age group < 35 years, 21
(38.2%) male, 28 (30.4%) with a duration of 2-5 days,
and 28 (31.5%) with mild COVID-19 severity. There were
no statistically significant differences between the saliva
RT-PCR test results and the above-mentioned variables
(P-value >0.05) (Table 5). The positive RT-PCR test results
remained positive for the first and second weeks (31 and
30 respectively). In the third week, 50% (15/30) were

positive. While no specimen was positive in the fourth
week (Table 6).

DISCUSSION

Detection of the causative agent in an
epidemic or pandemic infection, such as the COVID-19
pandemic, has a crucial role in controlling the infection
and preventing unwanted complications or even
mortality. At the beginning of the COVID-19 pandemic,
researchers from all over the world tried to detect
the SARS-CoV-2 in various body fluids or tissues.?
They succeeded in the isolation of the virus in the
nasopharynx, oropharynx, sputum, bronchoalveolar
fluids, saliva, urine, etc. The RT-PCR test on NP swabs is
the gold standard for detecting SARS-CoV-2. However,
these swabs have some drawbacks, including the risk of
infection to healthcare personnel, a difficult sampling
technique, inconvenience to patients, and insufficient
sampling, which may result in a lower swab quantity and
a low sensitivity rate of the test.?® Therefore, searching
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for non-invasive samples like saliva is of utmost
importance for the diagnosis of this novel coronavirus.
The role of testing a saliva sample by RT-PCR has been
assessed by several researchers, and they found that it
can be used as an alternative to the conventional NP
swab.? The current study found that saliva cannot be
used as an alternative sample to the NP swab in the
detection of SARS-CoV-2. However, the saliva sample
can be used in the follow-up of COVID-19 patients and
monitoring of treatment.

Saliva expresses a homogenous and wide
evaluation of the genomic characteristics of the
SARS-CoV-2, therefore, it is useful for determining the
COVID-19 status.?>?* Besides, saliva specimens for the
detection of SARS-CoV-2 by RT-PCR serve five benefits.
First, these specimens are easily collected from the
subject without an invasive method. Therefore, it
can greatly reduce the nosocomial infection of the
COVID-19 among healthcare workers, visitors, and
patients. Second, the collection of saliva specimens can
be performed in an outpatient clinic or at home. Third,
they can be used as a screening test owing to the non-
invasive nature of the sample collection. Fourth, these
samples are not needed for healthcare provisional,
and hence there is no need for a waiting time in
collecting the samples. Therefore, it is particularly
useful in overcrowded clinics.? Fifth, when NP samples
are unavailable, saliva samples can be used in certain
individuals, such as children or the disabled.>*

There are four ways of collecting saliva
samples, including drooling, coughing out, self-
collecting, and directly from the salivary duct. Previous
studies reported that self-collecting of samples was
a reasonable method.? In this study, patients self-
generated a saliva sample without coughing, resulting in
reduced aerosol formation and a lower risk of infection
for healthcare workers. At the disease onset, SARS-CoV-2
was found in posterior oropharyngeal saliva samples,
with a high viral load.**?* An early morning saliva sample
was collected after coughing up and cleaning the throat
in this investigation. Although the collected sample may
contain both saliva and sputum, the likelihood of the
patient coughing up sputum is minimal, as studies have
shown that dry cough is the most prevalent symptom,
occurring in roughly 80% of patients at the onset of the
disease.”®

Our study revealed that for all suspects
whose NP swabs tested negative for SARS-CoV-2 (n
= 44), all saliva swabs for them tested negative. This
finding was consistent with the results of a previous
study.?* However, the positive detection rate in the
saliva sample in our study (31/56) was much lower
than in the study by To et al. (11/12).% This study was
performed on hospitalized patients, and the coughing-
out was used to collect the saliva samples. During our

study, we performed RT-PCR on COVID-19-positive
suspects and collected saliva samples on our own.
Many studies have been conducted to investigate the
possibility of using saliva as an alternative specimen in
the detection of SARS-CoV-2.>>2° There are different
results among various studies regarding the comparison
of the RT-PCR test of the NP and saliva specimens.?0?":28
Some investigations reported the superiority of the NP
specimens over saliva samples, while the others showed
the opposite finding, and other investigations revealed
an equal sensitivity of both samples.?*?#2°3°The current
study revealed that the sensitivity and specificity of the
RT-PCR saliva samples in comparison with the NP swabs
were 100% and 63.8%, respectively. Besides, the results
showed that there was a mild agreement between the
RT-PCR of the NP and saliva specimens (kappa coefficient
= 0.522). Therefore, we don't advise using the saliva
samples as an alternative to the NP swabs to detect
COVID-19 in the suspected cases. However, they can be
used during the screening process or in cases where NP
swabs are difficult to obtain, such as with children, the
elderly or handicapped individuals.

A previous study suggested that the RT-PCR for
NP and saliva in the detection of SARS-CoV-2 had high
sensitivity (84.2% for saliva and 79.5% for NP swabs) in
the early time period from the onset of the COVID-19
(1-5 days).*® A similar finding of the high detection rate
concerning the timing of presentation was also reported
by other researchers.3! On the other hand, Dogan et
al. reported a low rate of positivity (55%-63%) at the
early onset of symptoms.** However, the detection rate
decreased gradually from 71.4% at O time to 33.3% at
5 days from the onset of symptoms. Our study found
that there was no significant association between
the detection rate of SARS-CoV-2 by RT-PCR saliva of
2 durations (2-5 days, vs 6-8 days). Furthermore, the
detection rate remained the same in the first and second
weeks from the time of presentation but reduced to
half in the third week, and to 0 detection rate in the
fourth week (Table 6). Our results are of benefit for the
decision-makers to regulate the use of saliva samples as
a good option for detection of SARS-CoV-2 in the early
stages of the onset of the symptoms when in need of
mass detection.

Our findings showed that there was no
significant association between the detection rate of
the SARS-CoV-2 by RT-PCR saliva and the severity of
the COVID-19 suspects, and clinical symptoms (P-value
> 0.05). However, the study by Uddin et al. reported a
significant association between the detection rate and
the following symptoms; fever, cough, chills, altered
smell, muscle aches, and loss of appetite.’® It is crucial
to consider certain symptoms like fever, cough, and
olfactory dysfunction as a possible presentation of the
COVID-19 as well as send the patients for laboratory
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tests to exclude or confirm the diagnosis of the disease.

This study's approach ensures that only
pure saliva is collected, with no contamination from
other respiratory secretions. Saliva and NP matched
samples acquired from the same suspects reduce
other background factors. The quick turnaround time
(less than 24 hours) used in this study ensures that the
positive difference isn't due to overlapping factors like
transportation or cold chain issues. COVID-19 suspects
were used to collect these matched samples, which
contained both positive and negative cases. As a result,
when the intended use is for mass self-testing, it may
reflect reality and minimize the need for healthcare
personnel to collect samples. However, the study
didn't measure the viral load, which can be considered
a shortcoming of the current study. Owing to the
study design, the study was performed on COVID-19
suspects who presented within 2-8 days from the onset
of the symptoms. Therefore, the current study did
not test those who were asymptomatic or those who
presented outside of the range of 2-8 days. However,
the disease spectrum in the affected individuals ranged
from asymptomatic to critically ill patients. This was
considered another shortcoming of the present study.

CONCLUSION

Owing to the mild agreement of the saliva RT-
PCR in comparison with the NP swabs, we recommend
not using this test in clinical practice. Examination of the
saliva by RT-PCR can provide a useful tool for follow-up of
the COVID-19 patients. Moreover, saliva samples can be
used in the screening process, patients with an extreme
age (children and old age), and those with handicaps.
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