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Comparison of viral load between saliva and nasopharyngeal swabs
for SARS-CoV2: the role of days of symptoms onset on diagnosis

Alberto Fernando Oliveira Justo'/*, Mariana Sardinha Bueno', Gabriela Rodrigues Barbosa',
Ana Helena Perosa?, Joseane MA Carvalho', Nancy Bellei'

"Universidade Federal de Sao Paulo, Departamento de Medicina, Laboratério de Virologia Clinica, Sdo Paulo, SP, Brasil
?Hospital Sao Paulo, Laboratério Central, Sao Paulo, SP, Brasil

BACKGROUND Coronavirus disease 2019 (COVID-19) is highly infectious causing millions of deaths worldwide. Nasopharyngeal
swabs are the primary sample of choice for the diagnosis of severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2),
thus, to decrease the exposure to potentially infected samples through the collection is a key point to reduce the risk of infection
in healthcare workers.

OBJECTIVES This study aimed to evaluate the sensitivity and viral load of saliva specimens by days of symptoms onset comparing
to nasopharyngeal swabs in subjects with mild symptoms.

METHODS Saliva and nasopharyngeal swabs samples were collected from Sao Paulo Hospital workers presenting mild symptoms,
such as fever, cough, sore throat, rhinorrhea, myalgia, headaches, anosmia, ageusia, and fatigue. To understand the positivity and
viral load, reverse transcription-polymerase chain reaction (RT-PCR) was performed.

FINDINGS Saliva specimens presented a sensitivity of 98.6% compared to nasopharyngeal swabs. Overall, saliva showed lower
viral load compared to nasopharyngeal swabs, regarding days of symptoms onset on diagnosis, the first four days had significant
changes in viral load and no significant difference was reported in the days five to nine.

MAIN CONCLUSIONS Although RT-PCR of saliva has presented a lower viral load compared to nasopharyngeal swabs, saliva

specimens are a potential and reliable candidate for COVID-19 diagnosis through RT-PCR.
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Coronavirus disease 2019 (COVID-19) has emerged
as the main public health issue of the first quarter of the
century. This reputation is related to the highly infec-
tious characteristics of this disease, and its impact in
several systems, such as vascular, coagulation, and re-
spiratory. According to the most recent report (16 March
2021) from the World Health Organization (WHO), 119
million people were infected and 2.6 million lost their
lives worldwide, from those, Brazil counts for 11 million
infected people and 278 thousand deaths.®

The rate of symptomatic and asymptomatic subjects
infected by COVID-19 has not yet been well established,
however, it is estimated that asymptomatic subjects can
range from 20 to 80%, mild symptomatic 10-30%, and
5-20% moderate and severe symptomatic. It is important
to note that lethality of this disease can be approximately
2-5%, mainly in subjects who present risk factors, such
as advanced age, obesity, diabetes mellitus, hyperten-
sion, cardiovascular and cerebrovascular disease.?34
The transmission can occur via contaminated nasal/oral
respiratory droplets and surfaces.®

doi: 10.1590/0074-02760210018

Financial support: AFOJ and MSB are supported by grant 27968 (FUNDEP;
FINEP, REDE COVID); GRB is supported by grant 2020/11719-0 (FAPESP);
JMC is supported by CAPES.

+ Corresponding author: albertofojusto@gmail.com

® https://orcid.org/ 1D 0000-0001-5531-0485

Received 17 January 2021

Accepted 01 April 2021

Molecular biology approaches are the standard meth-
ods to detect coronavirus. The most reliable and widely
used COVID-19 diagnostic test is the reverse-transcrip-
tase polymerase chain reaction (RT-PCR).© Although,
the biological specimens to be analysed by RT-PCR can
differ depending on the severity of the disease, day of
the onset of the symptoms, and whether the patient is
hospitalised or not. For RT-PCR diagnosis, the most
utilised samples are naso and/or oropharyngeal swabs,
feces sputum, and bronchoalveolar lavage.®” However,
the collection of those samples from a potentially infect-
ed subject requires healthcare workers that are exposed
to the infection because of direct contact to the patients.

Regarding the COVID-19 incidence, the healthcare
worker has approximately 10-fold times higher incidence
compared to the general community (3.96 vs 0.33%).®) In
our previous study,” we showed that nursing technicians,
nurses, and physicians are the most infected among the
healthcare workers, respectively. Although it is unclear
the reason that nursing technicians are the most affected,
it is hypothesised that these healthcare workers are more
exposed by physical contact with potentially infected pa-
tients, including in the collection of samples.

In the sense of the high transmission of COVID-19, it
is important to reach more options of diagnosis, since the
most utilised by now can be infectious to healthcare work-
ers and uncomfortable to the subjects. In this context, we
aimed to evaluate the sensitivity of saliva specimens com-
paring to nasopharyngeal swabs from mild symptomatic
subjects. We also aim to investigate whether the day of the
symptoms onset play a role on viral load.
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SUBJECTS AND METHODS

Sample collection - The study was conducted at
the Laboratory of Clinical Virology, Sdo Paulo Hospi-
tal, Brazil. Nasopharyngeal swabs were collected from
healthcare workers presenting mild symptoms, such as
fever, cough, sore throat, rhinorrhea, myalgia, head-
aches, anosmia, ageusia, and fatigue. At the same time,
the subjects were asked to self-collect 2 mL of their sa-
liva in a sterile tube, avoiding mucous secretions from
the oropharynx and sputum. This study was conducted
in compliance with institutional guidelines, approved by
the Ethics Committee of Sdo Paulo Federal University
(CEP/UNIFESP n. 4.013.602) and all individuals signed
written informed consent forms.

RT-PCR - RNA was isolated from 300 pL of the sub-
ject’s nasopharyngeal swabs and saliva using the Quick-
RNA Viral Kit (Zymo Research, Irvine, CA), accord-
ing to the manufacturer protocol. After extraction, the
RNA was used immediately, and the remained RNA was
stored at -80°C. The samples were tested for severe acute
respiratory syndrome coronavirus 2 (SARS-CoV-2) us-
ing a multiplex RT-PCR commercial kit (GeneFinder,
OSANG, South Korea) which targets the genes RdRp
(RNA-dependent RNA Polymerase), E (envelope), and
N (nucleocapsid) for SARS-CoV-2. The reaction was
carried out as described in Table I.

For interpretation of results, the cycle threshold (Ct)
values were used as an indicator of the viral load of the
SARS-CoV-2 RNA. The Ct values generated by RT-
PCR provide inversely proportional measurements of
viral load. A positive result was considered with a Ct
value to lower than 40, for at least two SARS-CoV-2
genes (RdRp, E or and N).

Equation for variation of Ct - For the analysis of the
difference between the Cts from the specimens of saliva
and NP swabs from the same subject an equation was
calculated, as described below:

Statistical analysis - The program GraphPad Prism
version 6 was used for all statistical analysis. Statistical
analysis consisted of Student’s t-test for comparations,
with a p < 0.05 being considered statistically significant.
Results are expressed as mean + standard deviation (SD).

RESULTS

From late October to early December, 76 nasopha-
ryngeal swabs and saliva from the same subject were
collected and the RT-PCR was performed in the Labo-
ratory of Clinical Virology from Sdo Paulo Hospital.
The mean age of the subjects was 34.9 years (ranging
from 19 to 70); 23 individuals (30.2%) were men and 53
(69.8%) were women.

From all nasopharyngeal samples, 54% tested positive
and 46% negative. The sensitivity was 98.6% comparing
to saliva RT-PCR, as shown in Fig. 1. In all negative naso-
pharyngeal swabs samples, saliva RT-PCR had 100% of
the sensitivity of the results, although, when compared to
the positive results, the sensitivity was 97.56%.

In order to understand the viral load from the clinical
specimens, nasopharyngeal swabs, and saliva samples

the RT-PCR Cts were analysed. Interestingly, RT-PCR
showed that nasopharyngeal swabs presented lower Ct
21.42 £ 4.10 (Fig. 2A; p < 0.001) comparing to saliva Ct
26.48 + 5.65. To analyse the difference of those, we cal-
culated the ACt, as previously described. Nasopharyn-
geal swabs showed lower Ct comparing to saliva (mean
5.06 £5.77) (Fig. 2B) although, five out of 40 saliva sam-
ples presented higher Cts compared to nasopharyngeal
swabs, two were the same in both samples, and 33 out of
40 had higher Cts in nasopharyngeal swabs.

Since the overall nasopharyngeal swabs had a higher
viral load compared to saliva, we aimed to understand
whether the onset of the symptoms had any effect on Cts
from nasopharyngeal swabs and saliva (Table II). Na-
sopharyngeal swabs had lower CTs in all days of symp-
toms onset compared to saliva, although, a significant
difference was seen only on days one-two (p = 0.002)
and three-four (p = 0.04).

DISCUSSION

The results of this study highlight the reliability of
saliva specimens in symptomatic patients, as a valu-
able sample for COVID-19 diagnosis. Saliva RT-PCR
showed a sensitivity of 98.6% comparing to nasopha-
ryngeal swabs RT-PCR, which is the reference method.
Although, it is important to note that the viral load was
higher in nasopharyngeal swabs comparing to saliva in
the first four days of symptoms onset and no significant
difference in Ct of the days five to nine was observed.

TABLE I
Conditions for reverse transcription-polymerase
chain reaction (RT-PCR)
Temperature
Cycles °C) Time
Reverse transcription 50 20 min
Enzyme inactivation 95 5 min
Denaturation 95 15s
X 45 cycles ; .
Annealing and extension 58 60s
76 NP swabs
41 NP Positive 35 NP Negative
35 Saliva
40 Saliva 1 Saliva Negative
Positive Negative

Fig. 1: entrance scheme of specimens results of reverse transcription-
polymerase chain reaction (RT-PCR) for severe acute respiratory syn-
drome coronavirus 2 (SARS-CoV-2).
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Fig. 2: comparison between nasopharyngeal swabs and saliva. (A) Cycle threshold (Ct) values from the nasopharyngeal swabs and saliva.
(B) Difference between Ct of saliva and nasopharyngeal. Values represent the mean + standard deviation (SD); ***p < 0.001; NP: nasopharyngeal.

TABLE 11
Days of symptoms onset until sample collection and cycle threshold (Ct) of subjects (n = 40)

Symptoms onset (days) Patients (n) Ct NP swab (mean = SD) Ct saliva Ct (mean + SD) p value
One - two 10 21.20+4.29 27.40 £ 3.47 **0.002
Three - four 18 23.50 + 6.29 28.00 +6.79 *0.04
Five - six 6 20.00 £ 2.00 24.20 + 6.61 0.21
Seven - nine 6 29.80 £ 7.79 3440 +4.98 0.29

*:p <0.05; **: p <0.01; NP: nasopharyngeal; SD: standard deviation.

Choosing the most appropriate clinical specimens
in COVID-19 diagnosis remains challenging. A previ-
ous report” showed that specimens collected from 204
patients diagnosed with COVID-19 had the highest RT-
PCR positivity rates in bronchoalveolar lavage fluid
(93%) followed by sputum (72%), nasal swabs (63%),
pharyngeal swabs (32%), feces (29%), blood (1%) and
none positive in urine specimens. Apart from asymp-
tomatic subjects, those with mild symptoms constitute
the majority of the COVID-19 cases, making the collec-
tion of nasopharyngeal or oropharyngeal for RT-PCR
the most reasonable. However, the collection of these
samples can be invasive and painful for the individual,
thus, it is required specialised healthcare workers, which
manipulate potential infectious samples, whilst saliva
can be collected by the subjects themselves, following
the healthcare professional instruction.!?

Despite the collection of clinical specimens, it is im-
portant to highlight the costs. For example, apart from
the RT-PCR per se, the collection of naso/oropharyngeal
specimens costs approximately R$ 2,15 per sample in-
cluding a swab, tube, and viral transport medium.!® On
the other hand, for saliva, the proper collection does not
require swab and viral transport medium, reducing the
cost by less than half.

In this study, the nasopharyngeal swab and saliva
samples were collected from Sao Paulo Hospital health
workers who presented only mild symptoms. The saliva
RT-PCR showed a sensitivity rate of 98.6% compared
to nasopharyngeal swabs, however, the Ct was higher,
which indicates that the viral load is lower in saliva. A
previous study® with hospitalised patients showed that
RT-PCR from naso/oropharyngeal swabs and saliva col-
lected on the third day of hospitalisation had a sensitivity
of 70% (21 out of 30). However, it is important to address

some factors that may play a role in the difference of
sensitivity of the tests: (i) severity of symptoms, (ii) days
of symptoms onset in hospitalised patients, and (iii) the
number of subjects included in the study.

Similar to our study, a previous study® with mild
symptomatic subjects showed that the sensitivity of na-
sopharyngeal swab and saliva RT-PCR was 83.3% (15 out
of 18) and the Ct value was significantly higher in saliva
samples. In our study, independent of days of symptoms
onset, saliva had a mean of five Cts higher compared to
nasopharyngeal swab, which suggests that the viral load
is lower in saliva. In order to understand the potential
role of days of symptoms onset, we analysed by days;
from day 1 to day 9, consistently, the nasopharyngeal Ct
was lower for the saliva samples. However, the first four
days presented a significant difference between Cts, and
from day five to nine, no significant change was seen.

Rapid test using saliva is emerging as a potential test
for COVID-19 diagnosis and it is getting more popular in
Brazil and worldwide. Previous studies!>!® have shown
that the Ct from saliva is an important factor for the suc-
cessful result of the tests and when the Ct is up to 30, it
is related to a more reliable test, which indicates higher
viral load in the specimen. Our study suggests that the
first six days of symptoms are the most appropriate for
the saliva rapid test.

It is widely known that healthcare workers are one
of the most exposed groups, hence, more infected by
SARS-CoV-2. In earlier cases from Wuhan, China, ap-
proximately 29% of the patients infected by COVID-19
were healthcare workers and it was assumed that the
infection occurred during working time.'” The collec-
tion of specimens such as naso/oropharyngeal swabs
and bronchoalveolar lavage fluid can increase the odds
of infection from patient to healthcare worker by close
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contact with biological samples. Saliva is a potential
specimen for RT-PCR as well as rapid tests.!” Besides
the cost, the self-collection of saliva is one of the major
advantages of this specimen since the healthcare worker
has no direct contact during collection.

Collectively, we present here an observational study
report which analyses the RT-PCR sensitivity and viral
load from saliva specimen comparing to nasopharyngeal
swab from 76 subjects with mild symptoms subjects. The
sensitivity of saliva was 98.6% when compared to naso-
pharyngeal swabs. Although, the viral load evaluated by
the Ct, was significantly lower in saliva samples, particu-
larly in the first 4 days of symptoms onset. Our findings
indicate that saliva is as efficient as a nasopharyngeal
swab for RT-PCR, and it is advantageous for lower cost
and decrease of the exposure of healthcare workers col-
lecting samples from potentially infected subjects.
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