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ABSTRACT

RESUMEN

Introduction: The SARS-CoV-2 virus is a positive-strand RNA
virus. The virus can also be detected in many different specimens
as throat swabs, nasal swabs, sputum, saliva, blood, etc.
Objective: The aim of this paper is to compare the reliability
of different types of specimen collection, saliva and swabs
samples for the detection of SARS-CoV-2.
Material and Methods: A sample of 22 COVID-19 positive
patients was selected. Paired samples from saliva, nasopharyngeal,
oropharyngeal and nasopharyngeal + oropharyngeal swabs
were collected on the 7th day after diagnosis. The hyssops and
medium employed was IMPROSWAB and IMPROVIRAL NAT
Medium, Germany. The sample evaluation was conducted
through RT-PCR. The results were compared using Fisher’s
exact test and ROC curve. The gold standard proposed in
this paper was the nasopharyngeal + oropharyngeal swabs
specimen.
Results: The gold standard method detected 10 true
positive cases, of which oropharyngeal swabs, nasopharyngeal
swabs and saliva only detected three positive cases. Significant
differences (Fisher’s exact test p = 0.003) were detected in the
comparison between saliva and the gold standart proposed.
The ROC curve analysis showed that saliva had an area under
the curve of 0.650, with a 30 % of sensibility. However, the
nasopharyngeal and nasopharyngeal + oropharyngeal samples
had an area under curve of 0.950 and 1.000, respectively, with
a sensibility of 90 % and 100 %, respectively.
Conclusion: Saliva samples are not a reliable specimen for
SARS-CoV-2 RNA detection. In turn, the most reliable specimens
are nasopharyngeal and nasopharyngeal + oropharyngeal
samples collected by swabbing.

Introducción: El SARS-CoV-2 es un virus ARN positivo. Este
virus puede ser detectado en diferentes tipos de secreción
como hisopada bucal, nasal, esputo, saliva, sangre, etc.
Objetivo: El objetivo de este estudio es comparar la
confiabilidad de diferentes tipos de muestras, saliva y exudado,
en la detección de SARS-CoV-2.
Material y Métodos: Una muestra de 22 pacientes con
diagnóstico de Covid-19 fue estudiada. Se tomaron muestras
pareadas de saliva y exudado nasofaríngeo y orofaríngeo en
cada paciente. Se emplearon los hisopos y medios de la firma
alemana IMPROVE®. Los resultados de las determinaciones
por RT-PCR se compararon mediante test de Fisher (test de
la probabilidad exacta de Fisher) y cada sets de muestras fue
evaluada individualmente y luego comparadas por curvas
ROC. El estándar de oro propuesto fue el doble hisopado
nasofaríngeo/orofaríngeo.
Resultados: El método de oro propuesto detectó 10 casos
positivos. La coincidencia de detección entre todos los sets
de muestras fue de 3 casos (30%). Se obtuvieron diferencias
significativas (Fisher p = 0.003) en la comparación de los
casos detectados en saliva vs el estándar de oro. El análisis de
curvas ROC mostró un área bajo la curva de 0.650 (30 % de
sensibilidad) para la saliva. En el caso del hisopado nasofaríngeo
y el estándar de oro mostraron un área bajo la curva de 0.95 y
1.00, respectivamente, con una sensibilidad del 90 % y 100 %,
respectivamente.
Conclusiones: La saliva no es una muestra confiable para
la detección de SARS-CoV-2. La muestra más confiable para el
diagnóstico fue el hisopado nasofaríngeo y el doble hisopado.
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INTRODUCTION

he SARS-CoV-2 virus (severe acute respiratory syndrome coronavirus 2) is a positive-strand
RNA virus. This virus is the cause of the coronavirus disease 2019 (COVID-19).(1) On 11
September 2020, the World Health Organization (WHO) declared an international health emergency
(pandemic) as the virus is highly contagious and spreads rapidly throughout the world.(2,3)
On 4 September 2020, the number of confirmed cases with SARS-CoV-2 exceeded 30 million, with
more than 950 000 deaths.(3) The most frequent symptoms observed in patients were fever above
38 degrees, dry cough, fatigue, dyspnea, and myalgia and to a lesser extent, headache, abdominal
pain, nausea, vomiting, and diarrhea.(4)
As recommended by the WHO, real-time reverse transcriptase-polymerase chain reaction
assay (RT-PCR) of nasopharyngeal swabs has been used to confirm the clinical diagnosis.(5,6,7) The
virus can also be detected in throat swabs, nasal swabs, sputum, saliva, blood, feces, urine and
bronchoalveolar lavage fluid specimens although respiratory tract samples tend to test positive for
the virus more often.(5,6,7,8,9)
Although the international recommendation is employed (the sample collection by nasopharyngeal
swabs), saliva has gained relevance as a sample for diagnosis. The saliva sample collection is a noninvasive and relatively simple collection process for those who are not well trained in the health
area, which represents a specific advantage in this regard. However, the value of saliva as a viable
sample is inconsistent.(10,11,12,13,14,15)
The objective of this paper is to compare the reliability of different types of specimen collection
(saliva and swabs samples) for the detection of SARS-CoV-2.

MATERIAL AND METHODS
Patients in the study
An exploratory study was conducted in June 2020 including 22 positive COVID-19 patients from
Havana province that were admitted to the “Dr. Luis Diaz Soto” General Hospital. Each participant
signed an informed consent.
Due to the low incidence of COVID-19 positive patients in Cuba, a decision was made. Samples
will be recollected on the 7th day after the positive diagnosis (hospital admission) to ensure the
greatest number of positive cases.
A sample of 22 Covid-19 positive patients was selected (sample evaluation was conducted through
RT-PCR). These cases were classified as severe and critical who did not present any consciousness
alterations and were not included in any clinical trial yet.
Paired samples from saliva and swabs (nasopharyngeal, oropharyngeal and nasopharyngealoropharyngeal altogether) were taken from these patients. Patients were required to present themselves
without eating and brushing their teeth, between seven and eight a.m.
All patients were treated under the same protocol established by the Cuban Ministry of Public Health
(Ministerio de Salud Pública de Cuba, MINSAP),(15) starting the day they were admitted to hospital.

Sample collections (saliva and swabs)
Saliva samples were self-collected by patients by letting saliva get out of the mouth into a sterile
tube (Corning, 50 mL). Corning tubes were located at the lip corner and then the patient leaned
over the tube with the mouth wide open until completing 5 mL of saliva, resulting in a physiological
secretion process. Patients were told not to spit.
The swab sample collection was carried out following international guidelines.(15) Nasopharyngeal,
oropharyngeal and nasopharyngeal + oropharyngeal swabs samples were collected with hyssops
from the respective anatomical zones. Each sample set was stored in separate containers. In the
case of nasopharyngeal + oropharyngeal samples, both hyssops were kept in the same container to
increase the sample utility. This specimen was considered as the gold standart for diagnosis.
All specimens were sent to a Biosafety Level 2 Laboratory for SARS-CoV-2 RT-PCR testing.
Commercial hyssops from Germany (IMPROVE®, IMPROSWAB: Microbial Transport swabs
for oropharyngeal and nasopharyngeal use) were used to conduct the swabbing process. The
medium employed to transport the hyssops with oropharyngeal and nasopharyngeal secretion was
IMPROVE®, IMPROVIRAL NAT Medium (Germany). Data such as age and sex of the patients included
were also collected.
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SARS-CoV-2 RNA detection
Oropharyngeal and nasopharyngeal swabs were collected at the hospital following standard
procedures. Afterwards, samples were transported to a Biosafety Level 2 Laboratory for
SARS-CoV-2 plus for the SARS-CoV-2 viral nucleic acid detection through RT-PCR. Swabs were
placed into a collection tube with a virus preservation solution. Total RNA was extracted with
QIAamp® Viral RNA Mini kit using Qiacube automated system (Qiagen, USA).
A 70 bp long fragment from the Equine Arteritis Virus (EAV) genome (LightMix® Modular EAV
RNA Extraction Control, from TIB MOLBIOL Syntheselabor GmbH, Berlin, Germany) was added
before purification as an internal extraction control. The former was amplified with specific primers
and detected with an LC670 labeled hydrolysis probe in the qPCR. A 20μL qPCR reaction was set up.
It contained 5 μL of RNA and 15 μL of the components of LightCycler Multiplex RNA Virus Master
(Roche, USA) and LightMix® Modular Sarbecovirus E-gene or Wuhan CoV RdRP-gene primer and
probes systems (TIB MOLBIOL Syntheselabor GmbH, Berlin, Germany).
A real-time one-step RT-qPCR analysis of viral RNA was performed in a LightCycler® 480 II system,
with thermal cycling at 50 °C for 10 min for reverse transcription, followed by 95 °C preincubation
for the 30s and then 45 cycles of 95 °C for 5 s, 60 °C for 30s. Multiplex detection was carried
out according to the manufacturer’s instructions. Negative and positive controls (≈ Ct 30) were
included. The criteria for the success of qPCR detection were the EAV internal control amplification
(Ct 27-33) and the amplification of E or RdRP genes at Ct ≤40.

Statistical procedures
Every sample evaluated through RT-PCR where the SARS-Cov-2 virus was detected were
considered as true positive cases, either for saliva or swabs.
The percentage of the cases detected for each type of specimen was calculated, as well as for the
cases where the virus was detected by both specimens at the same time. This data was organized in
a table and the Fisher´s test (exact probability) was applied to evaluate the differences between the
cases detected in each specimen. P-value <0.01 was considered statistically significant.
RT-PCR SARS-CoV-2 results were compared using a ROC curve analysis and MedCalc Statistical
Software (version 13.3). The P-value <0.05 was statistically significant in the ROC curve comparisons.
Individual analyses of each specimen were considered as an area of reliable detection if p <0.5
following the same procedure.

Ethical approval
The Institutional Ethics Board approved this study and informed consents were obtained from
all patients.

RESULTS
The median age of the patients was 46.9 years (with an age range between 18 to 87 years) and
12 (54.5 %) were women. Of the 22 samples studied, 10 were positive to SARS-CoV-2 by RT-PCR
detection (true positive group employing gold standard) for 45.5 % of non-negativization on the
seventh day after admission.
The ten truly positive cases detected employing the gold standard proposed showed 30 % (3) of
coincidence with the cases detected in other specimens studied (Table 1). The comparison between
detected cases in saliva samples and those spotted with the gold standard showed significant
differences among detection numbers (p = 0.003).
Ten positive cases were detected by using swabs, while saliva samples allowed to detect three
out of ten truly positive cases. Significant differences were found when comparing the detection of
positive cases from saliva and swab specimens.
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Table 1. True positive cases detected in each sample sets
True positive cases detected

Samples

*Detected

*Non-detected

No.

%

No.

%

*Saliva

3

30

7

70

Oropharyngeal

7

70

3

30

Nasopharyngeal

9

90

1

10

*Gold Standart

10

100

0

0

Coincidences

%

3

30

*Fisher’s exact test (p = 0.003)

Individual ROC curve analysis for each sample set
The less sensitive specimen in terms of detection of truly positive cases was saliva (Table 2). The use
of ROC curves yielded no significant differences from 0.5. Besides the gold standard, the most reliable
specimens were nasopharyngeal swabs with an area under the curve of 0.950 which was significantly
different from 0.5.

Table 2. ROC curve analysis
Samples

Area
under curve

Standard
Error

Significance
P (Area=0.5)

CI (95%)

Sensibility (CI 95%)

Negative
likelihood ratio

Saliva

0.650

0.121

= 0.2134

0.420 to 0.838

30% (7.0 - 65.2)

0.70

Oropharyngeal Swab

0.850

0.088

= 0.0001

0.634 to 0.963

70% ( 34.8 - 93.0)

0.30

Nasopharyngeal
Swab

0.950

0.052

< 0.0001

0.764 to 0.993

90% ( 55.5 - 98.3)

0.10

Gold Standard

1.000

0

= 1.0000

0.844 to 1.000

100% (69.0 - 100.0)

0

Comparison of ROC curve between saliva specimen and oropharyngeal, nasopharyngeal
and nasopharyngeal + oropharyngeal samples.
The comparison of the ROC curve of the specimens showed significant differences in the detection of
cases. The difference between saliva specimens and the gold standard was of 0.350, with a significant
level of 0.004. However, no significant differences were observed in the comparison between saliva
and oropharyngeal swabs. The area under the curve was of 0.200 in that case (Table 3).

Table 3. Pairwise comparison of ROC curves
Sample sets

Saliva
Difference
between areas

Standard
error

Confidence
interval (95%)

Significance level
(p < 0.05)

Oropharyngeal

0.200

0.135

-0.065 to 0.465

0.139

Nasopharyngeal

0.300

0.127

0.051 to 0.549

0.018

Gold Standard

0.350

0.121

0.114 to 0.586

0.004
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DISCUSSION
For the diagnosis of suspicious cases, a combination of clinical, epidemiological, imaging, and
laboratory data are used.(13) However, as discussed above, RT-PCR is a highly sensitive method
that detects the unique genetic sequence SARS-CoV-2 RNA.(7) Target genes include envelope (E),
nucleocapsid (N), spike (S), transmembrane (M), helicase (Hel), open reading frame 1ab (ORF1ab),
RNA-dependent RNA polymerase (RdRp), and hemagglutinin-esterase (HE).(6) Despite that, the
sensitivity of these tests can vary according to the moment of the natural cycle of the disease where
the samples were taken, samples collection, and transport.(6,7,8,9) The occurrence of false-negative
RT-PCR results implies the decision to discharge SARS-CoV-2 positive patients from hospitals,(13)
resulting in possible transmission events.(14)
Since the detection of the first cases of COVID-19 in Cuba, the WHO recommendations for
sample collection were followed. Nasopharyngeal + oropharyngeal swabs were collected to further
detect viral RNA through RT-PCR.(15) Combined oropharyngeal + nasopharyngeal swabs for each
patient were taken at the same time and preserved together in one container. This procedure is
recommended in order to increase the amount of viral material (optimal collection)(15) as well as to
guarantee optimal samples for diagnosis. These samples provide higher reliability for the detection
of SARS-CoV-2 cases; for that reason, this procedure was proposed as the gold standard in the
present study.
Despite nasopharyngeal or oropharyngeal swabs have been highly recommended as
biological samples for SARS-CoV-2 testing, the use of saliva has been proposed as a way of testing
suspects, particularly those who are not hospitalized.(9,10) The reason for this recommendation
is that SARS-CoV-2 can be present in saliva because of trespassing of secretions located in the
upper respiratory tract. These secretions can pass from blood to the gingival crevicular liquid
or to the colonization of major and minor salivary glands, with the subsequent liberation of
viruses into saliva.(11)
The use of saliva has its advantages when compared with the swabbing process. Saliva can be
easily collected and the process is pain-free and not invasive, as opposed to nasopharyngeal or
oropharyngeal swabs which can generate bleeding, hematomas, and mucous erosion among other
disadvantages. All of these are particularly problematic in patients with hemorrhagic conditions.
(11,16)
Nevertheless, the recommended way of sample taking for the diagnosis of COVID-19 continues
to be the hyssops use for swabbing.(17)
Several studies have shown contradictions. The inconsistency in the results might be related to
differences in aspects such as the condition of patients (symptomatic/asymptomatic), the severity
of the disease, or the methodology followed to collect saliva samples.(18,19,20,21)
Our research shows that, in terms of viability and reliability, swabs (Nasopharyngeal + Oropharyngeal)
were capable of detect a greater amount of cases (10/22) compared to saliva. In turn, saliva samples only
allowed detecting three cases, showing a very low sensibility of only 30 % of true positive cases.
Furthermore, regardless of the small sample size, the present study indicates that the
sample obtained from nasopharyngeal swabs is the most reliable of the three specimen
evaluated (nasopharyngeal, oropharyngeal and saliva) and compared to the gold standard.
The Center for Disease Control and Prevention (CDC) recommends taking samples for molecular
diagnosis through nasopharyngeal or oropharyngeal swabs. The reason for this recommendation is
that nasopharyngeal swabs are more suitable for the sample taking process, owing to the presence
of a higher concentration of the virus.(16) This way, the test sensitivity increases, and the likelihood
of obtaining a false-negative result in a patient with the virus is reduced.(15)
Samples from oropharyngeal swabs showed no significant differences with saliva specimens. This
result does not necessarily mean that the sample type is not reliable because the result can be
biased with the small sample size. Nevertheless, the individual analysis of ROC curves indicated
that the detection area was significantly different from 0.5, which is a criterion of validity and
reliability of the analyzed samples.
According the present research, the most statistically reliable sample types were nasopharyngeal
swabs and nasopharyngeal + oropharyngeal swabs as opposed to saliva. However, the best
specimen for the detection of SARS-CoV-2 remains the nasopharyngeal + oropharyngeal swabs (the
gold standard proposed).
The main limitation of the present study lies in the small number of positive cases included; a larger
sample would make this study more robust.
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CONCLUSION

Saliva is not a reliable specimen for SARS-CoV-2 RNA detection. In turn, the most reliable specimens
are nasopharyngeal and nasopharyngeal + oropharyngeal samples collected by swabbing.
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