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Abstract

Background COVID-19 (coronavirus disease 2019) outbreak has spread rapidly around the world, continues to show its
effect, and it is not clear how long it will continue. For the diagnosis of COVID-19, it is important to ensure the comfort of
the patients and to protect the healthcare workers (HCWs) by reducing the use of protective equipment.

Aims To evaluate or assess whether the samples taken by the patient for COVID-19 testing during this pandemic period can
be used in real-life experience.

Methods Three different samples (nasopharyngeal taken by the healthcare worker, nasopharyngeal, and saliva taken by the
patient) from 132 patients were evaluated for the diagnosis of COVID-19. The sensitivity and specificity of the samples in
the diagnosis of COVID-19 were compared with real-life experience.

Results Paired analyzes were performed by comparing each sample taken by the healthcare worker with the sample taken by
the patient. The sensitivity of the three samples (nasopharyngeal taken by the healthcare worker, nasopharyngeal, and saliva
taken by the patient) in the diagnosis of the COVID-19 was (100%, 98.7%, and 96.1%, respectively) accepted to be accurate.
Conclusions The sample taken by the paramedic was compatible compared to the real-life experience for the samples taken
by the patient in the COVID-19 pandemic period. During the pandemic that is unknown when it will end, this study dem-
onstrated that taking the sample of the patient alone for the severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2)
test is a beneficial approach to the protection of the healthcare worker, reducing the need for protective equipment, increasing
the patient’s comfort and rapid sampling.
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Introduction

Since December 2019, the causative of the coronavirus dis-
ease 2019 (COVID-19) is spreading rapidly around the world.
Globally, there have been 229,437,517 cases, 4,879,235 deaths
reported to The World Health Organization (WHO) [1].
COVID-19 pandemic is an ongoing devastating threat to human
lives and livelihoods worldwide. Healthcare workers (HCWs)
are an important part of the front lines in the fight against the
pandemic. Many HCWs have been infected with severe acute
respiratory syndrome coronavirus 2 (SARS-CoV-2) and died
worldwide during the pandemic. According to WHO, at least
50% of patients who died of COVID-19 were residents in hos-
pitals or nursing homes, which highlights the need to control
the spread of infection in a healthcare setting [2].
Remarkably, as pandemic accelerates, access to per-
sonal protective equipment (PPE) is a major challenge for
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healthcare workers. HCWs are also concerned about car-
rying the infection from one patient to another, as well as
having personal safety concerns, and passing the infection to
their families. The most likely risk of carrying family mem-
bers, elderly parents, or young children to older parents [3,
4]. HCWs have always been easy targets for the transmission
of infectious diseases like COVID-19. Protecting HCWs is
of consequential significance in ensuring continued medi-
cal treatment for the whole population in reducing further
spread [5].

On the other clinical conditions, it is faster to obtain a
tongue, nasal, or mid-turbinate sample than a nasopharyn-
geal sample and it is less potential for the patient to sneeze,
cough, or gag. Also, recent data support the validity of non-
nasopharyngeal samples for the detection of SARS-CoV-2.
Collection by the patient reduces the high exposure of the
healthcare worker to the virus and preserves limited PPE.
During the swab sampling process, droplets and aerosol
are produced by sneezing, coughing, gagging reflexes and
talking of patients, and close contact between healthcare
workers. Therefore, COVID-19 patients may directly cause
infections in HCWs [6, 7].

Recent research has shown the accuracy of non-
nasopharyngeal samples for SARS-CoV-2. Sampling
by the patient reduces the high exposure of the healthcare
worker, reduces personnel equipment use, and increases
access to testing. Currently, the diagnosis of COVID-19
mainly depends on the real-time RT-PCR test of the upper
respiratory tract sampling in clinical conditions, and it is
faster to minimize the risk of exposure to the healthcare
workers, and reduce personnel equipment use to testing [8].

In this study, we compared the saliva sample, health-
care worker collected nasal and throat swab samples, and
patient-collected nasal swab samples for the diagnosis of
COVID-19.

Material and method
Sample collection

This study was conducted among 132 individuals. Outpa-
tients with symptoms who were admitted to the COVID-19
Clinic between 01 April and 05 June 2020 were included
in our study. All samples were obtained after receiving the
written informed consent of participants. Upper respira-
tory samples were collected from patients who were pre-
sented with a history of fever or multiple acute respiratory
symptoms, history of contact with a positive individual, or
travel history from the endemic area of COVID-19 within
14 days. In this cross-sectional study, three different upper
respiratory samples (nasopharyngeal taken by the health-
care worker, nasopharyngeal, and saliva taken by the patient)
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were collected. In addition to the samples taken by the health
worker in our study, visual posters were prepared for the
samples taken from the patients themselves and explained
with oral instructions. Three different samples were taken in
a biosafety cabinet and decontamination was performed after
each patient. In the study, samples were collected by a single
person for standardization, and nasal samples were collected
with a flocked swab. Nasopharyngeal and throat swabs were
collected using Puritan Liquid-based Specimen Collection
and Transport Systems and saliva samples were collected
using sterile sample containers. Clinical and demographic
information of the overall patients (n=132), including age,
gender, symptoms, comorbidities, and coinfections were
provided in Table 1.

Specimen processing

Upper respiratory samples were labeled with different num-
bers and collected using sterile tubes containing universal
transport medium and sterile sample containers. Immedi-
ately, viral RNA was extracted using GENEALL RNA Iso-
lation Kit (Seoul, South Korea) according to the manufac-
turer’s protocol.

Table 1 Demographics and clinical symptoms

Overall (n=132)

COVID-19, n (%) 76 (57.6)
Age (years), mean (SD) 38.0 (=12.5)
Male, n (%) 72 (54.5)
Close contact, n (%) 81(61.4)
Smoking, n (%) 42 (31.8)
Healthcare personnel, n (%) 10 (7.6)
Comorbidities
Hypertension, n (%) 13 (9.8)
Diabetes, n (%) 15(11.4)
Asthma, n (%) 8 (6.1)
Symptoms at presentation
Fever, n (%) 43 (32.5)
Cough, n (%) 53 (40.2)
Sore throat, n (%) 41 (31.1)
Dyspnoea, n (%) 15(11.4)
Myalgia, n (%) 65 (49.2)
Headache, n (%) 59 (44.7)
Nausea, n (%) 18 (13.6)
Vomiting, n (%) 8 (6.1)
Diarrhea, n (%) 16 (12.1)
Fatigue, n (%) 78 (59.1)
Hiposmia, n (%) 27 (20.5)
Loss of taste, n (%) 28 (21.2)

(Abbreviations: SD standard deviation, COVID-19 coronavirus dis-
ease 2019)
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From each sample, detection of SARS-CoV-2 was per-
formed by RT-PCR amplification of the SARS-CoV-2 RdRp
and N gene regions. The SARS-CoV-2 reactions were per-
formed using GeneMark Real-Time Kit (Carlsbad, CA,
USA) and the detection of the human RNase P gene was
included in the kit as a control. RT-PCR reactions were eval-
uated in a CFX96 Real-Time Detection System (Biorad, Her-
cules, CA, USA). The reactions were carried out as follows:
1 cycle of 50 °C for 30 min, then 1 cycle of 95 °C for 15 min,
followed by 40 cycles of 95 °C for 15 s and 58 °C for 1 min.

Statistical analysis

Quantitative variables were expressed as mean and standard
deviation if they contain continuous data. If they contain
categorical data, they are expressed as a percentage (%) and
frequency (n). A comparison of qualitative variables was
analyzed with the Pearson Chi-square test.

The normal distribution, which was used to question
the presence of parametric data in the data containing the
measurement, was examined by Kolmogorov—Smirnov and
Kurtosis-Skewness Tests. Parametric tests such as Student’s
t-test were used for normally distributed data. Kruskal-Wallis
Test was used for the analysis of continuous and more than
two independent non-parametric groups (Bonferroni correc-
tion was used when necessary) and Mann—Whitney Test was
used for post-hoc analysis.

The results were evaluated with a 95% confidence interval
and the statistical significance level was defined as p <0.05.
The analyses were performed using IBM SPSS—21 (Statis-
tical Package for Social Sciences, Chicago, IL, USA).

Four separate analyses were performed using the Bland
& Altman methodology: the first of them comparing naso-
pharyngeal samples to sampled health-worker samples for N
gene and RdRp gene. The second comparing saliva samples
to health-worker samples for the N gene and RdRp gene
(Fig. 1). Samples were analyzed using RT-PCR and Ct
values below 38 were accepted as positive results. In the
study, Ct values above 35 in the RNase P gene were consid-
ered negative and were completely excluded from the study.
In addition, Chi-squared, Woolf’s test and Mantel-Haenszel
were used to compare samples by period and evaluate their
significance.

Results

In this study, 132 patients’ results of nasopharyngeal (patient
and health worker) and saliva samples were evaluated. The
average age of the patients was 38.0 (+12.5) and seventy-
two (54.5%) individuals were men. All the symptoms
occurred for a maximum of 2 to 5 days. Common symptoms
fatigue (78 participants 59.1%), myalgia (65 participants
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Fig.1 COVID-19 N gene and RdRp gene cycle threshold (Ct) values
from nasopharyngeal swabs and saliva samples by patients to naso-
pharyngeal swabs and saliva samples by healthcare workers

(49.2%), headache (59 participants (44.7%), sore throat (41
participants (31.1%), and cough 53 (40.2%) were mostly
reported during the first clinical visit. Overall patients’
characteristics and clinical informations were summarized
in Table 1, and COVID-19 positive patients’ characteristics
and clinical informations were summarized in Table 2. We
were diagnosed, 76 of 132 patients with COVID-19 by naso-
pharyngeal swab (taken by the healthcare worker and the
patient) or by RT-PCR from saliva samples. RT-PCR results
were positive in all samples taken by healthcare worker,
nasopharyngeal swab samples (NSS) taken by the patient
in 75 patients, and saliva samples in 73 patients. Table 3
summarized the findings of all samples results presented in
the current study.

The Pearson Correlation (r-value) results between the Ct
values of the NSS and saliva samples taken by the patient
and the NSS Ct values taken by the healthcare worker were
0.65, 0.20, respectively, for the N gene; the RARP gene
results were 0.70, 0.24 (Fig. 1). Also, Fig. 1 shows the cor-
relation values between the samples taken by the healthcare
worker and the samples taken by the patient; 65% in the N
gene, 70% in the RARP gene of nasopharyngeal samples;
Saliva was detected as 24% in the RARP gene. The mean
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Table 2 Demographic characteristics and clinical symptoms of
COVID-19 positive patients

COVID-19 (n=76)

Age (years), mean (SD) 38.1 (=13.1)
Male, n (%) 42 (55.3)
Close contact, n (%) 52 (68.4)
Smoking, n (%) 17 (22.4)
Healthcare personnel, n(%) 6(7.9)
Comorbidities
Hypertension, n (%) 4(5.3)
Diabetes, n (%) 6(7.9)
Asthma, n (%) 6(7.9)
Symptoms at presentation
Fever, n (%) 27 (35.5)
Cough, n (%) 27 (35.5)
Sore throat, n (%) 23 (30.3)
Dyspnoea, n (%) 7(9.2)
Myalgia, n (%) 44 (57.9)
Headache, n (%) 41 (53.9)
Nausea, n (%) 15(19.7)
Vomiting, n (%) 7(9.2)
Diarrhea, n (%) 12 (15.8)
Fatigue, n (%) 50 (65.8)
Hiposmia, n (%) 24 (31.6)
Loss of taste, n (%) 26 (34.2)

(Abbreviations: SD standard deviation)

of N gene Ct value of NSS taken by healthcare worker is
25.3 +£4.5 and the mean of the RARP gene is 25.9+5.1. The
mean N Gene Ct value of the NSS taken by the patients was
24.4+ 6.0 and the mean RdRP Gene was 24.1 +6.0. The
mean of N Gene Ct value of Saliva samples is 27.9 +6.3
and the average of RARP Gene is 27.3 + 6.4. The sensitivity
of the three methods in the diagnosis of the COVID-19 was
100%, 98.7%, and 96.1%, respectively. The Ct values of the
N and RdRP genes of these 3 different sample types were
categorically examined (38 cut-off values). N gene sensi-
tivity of NSS taken by healthcare worker was 100%, while
RdARP gene was 98.7%; N gene sensitivity of the samples
taken by the patient was 97.4%, while the RARP gene was
98.7%. In addition, the sensitivity of the N gene of saliva
samples taken by the patient was 90.8%, while the sensitivity
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Fig.2 Weekdays and weekends positivity rates of COVID-19

of the RARP gene was 93.4%. All the sensitivity of the sam-
ples collected by the patients contained 90%. During the
study, the samples taken by the healthcare worker was com-
pared with the results of the samples taken by the patient
himself. The results of the samples were compared over
two different periods for the weekend and weekdays, while
samples were taken at different times of pandemic intensity
(Fig. 2). In the first period, 972 (13.19%) of 7371 samples
received during the weekdays and 218 (16.16%) of 1346
samples received at the weekend were positive (p=0.003,
95% C1=1.08-1.49, OR =1.27). In the second period, 1642
(7.35%) of 22,334 samples received during the weekdays
and 419 (9.54%) of 4391 samples received at the weekend
were positive (p<0.001,95% Cl=1.19-1.49, OR=1.33). In
the first period, the rate of positivity is significantly higher
than in the second period (p <0.001; Mantel-Haenszel
Chi-squared test), but there was no significant difference in
comparing the odds ratios of both two periods (p=0.641;
Woolf's test) (Table 4).

Discussion

SARS-CoV-2 has become a global health threat. As of 29
March 2021, there have been 239,437,517 confirmed cases
of COVID-19, including 4,879,235 deaths [9]. There is a
constant need for HCWs in patient-facing roles in the com-
ing global epidemic. Because this study requires close per-
sonal exposure to patients with the virus, frontline HCWs

Table 3 Healthcare worker,
patient self-collected

Healthcare worker

Patient self-collected

nasopharyngeal swab samples Nasopharyngeal swab Nasopharyngeal swab Saliva

and saliva samples COVID-19

PCR reaction results N gene RdRP gene N gene RdRP gene N gene RdRP gene
Positive 76 75 74 75 69 71
Negative 0 1 2 1 7 5
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Table 4 Weekdays and
weekends results of two

different periods in the

pandemic

2205
Weekdays Weekends
Total (n) Positive (n) % Total (n) Positive (n) % p Difference %
First period 7371 972 13.19 1349 218 16.16 0.003  2.97
Second Period 22,334 1642 7.35 4391 419 9.54 0.0001 2.19

are at high risk of infection, which may contribute to fur-
ther spread. The primary cause of HCWs being infected is
accompanied by insufficient data on SARS-CoV-2, includ-
ing virulence factors, non-host survival, resistant strains,
incubation time, and infection pathophysiology. There-
fore, it causes transmission of HCWs and individuals from
healthcare workers. To protect against COVID 19 infec-
tions, it is necessary to use special PPE such as respira-
tors, N-95 masks, non-perforated gowns, and visors or face
shields. It has not been easy to obtain these necessary PPE
against global infections. Also, PPE is often disposable and
should be disposed of with the highest precautions to pre-
vent contamination. Therefore, the inadequate availability
and improper use of PPE is a critical factor contributing to
the increased risk of HCWs for COVID 19 infection [10,
11]. In addition to all this, the stressful work environment,
long working hours leading to fatigue, and psychological
problems associated with isolation also contribute to the
increased likelihood of HCWs infection of COVID-19 [12].

Other factors that may predispose HCWs to infection may
include inadequate cleaning and non-disinfection of hospital
surfaces, lack of viral pandemic-related training in disinfec-
tion of medical equipment [13]. In a previous study, cost-
effectiveness modeling revealed that using PPE developed
for all patients would be a high cost in the pandemic. On
the other hand, it has shown that HCWs are physically and
psychologically very difficult to work under stress, difficult
conditions, and long working hours with protective equip-
ment [14-16].

In one study, the meta-analysis found that the diagnos-
tic sensitivity for saliva nucleic acid amplification testing is
approximately 83.2% (95% CI, 74.7-91.4%), which is com-
parable to that reported for nasopharyngeal swab nucleic
acid amplification testing and to the result obtained using our
latent class model analysis (84.8%; 95% CI, 76.8-92.4%). In
addition, given the ease of sampling and increased patient
comfort, an important positive aspect of the reduced bur-
den on test centers should be considered [17]. Wyllie et al.
detected that nasopharyngeal sampling may be an expla-
nation for false negative results, so monitoring an internal
control for proper sample collection may provide an alterna-
tive evaluation technique. In specimens collected from in-
patients by HCWs, greater variation in human RNase P Ct
values in nasopharyngeal swab specimens (standard devia-
tion, 2.89 Ct; 95% CI, 26.53 to 27.69) than in saliva speci-
mens (standard deviation, 2.49 Ct; 95% CI, 23.35 to 24.35)

has been found. When HCWs collected their own specimens,
also they found greater variation in RNase P Ct values in
nasopharyngeal swab specimens (standard deviation, 2.26
Ct; 95% CI, 28.39 to 28.56) than in saliva specimens (stand-
ard deviation, 1.65 Ct; 95% CI, 24.14 to 24.26). Collection
of saliva samples by patients themselves negates the need for
direct interaction between HCWs and patients. They showed
that interaction is a source of major testing bottlenecks and
presents a risk of nosocomial infection. Collection of saliva
samples by patients themselves also alleviates demands for
supplies of swabs and personal protective equipment [18].
In this study, we detected that 76 of 132 patients were
diagnosed with COVID-19 by nasopharyngeal swab (taken
by the healthcare worker and the patient) or by RT-PCR from
saliva samples. RT-PCR results were positive in all samples
taken by healthcare worker, NSS taken by the patient in 75
patients, and saliva samples in 73 patients. Analyses were
performed by comparing each sample taken by the health-
care worker with the sample taken by the patient. Three
different samples from 132 patients (nasopharyngeal taken
by the healthcare worker, nasopharyngeal and saliva taken
by the patient), the sensitivity of the three samples in the
diagnosis of the COVID-19 was (100%, 98.7%, and 96.1%,
respectively) accepted to be accurate. The results were eval-
uated with a 95% confidence interval and the results that
are of statistically significant level was defined as p <0.05.
The sensitivity of the three methods in the diagnosis of the
COVID-19 was 100%, 98.7%, and 96.1%, respectively.
The results of the self-samples taken by the patients dur-
ing the study were compared with the results of the sam-
ples taken by the HCWs. Compared to the period in which
patients received their own nasal samples and the positivity
rates taken in other periods, no discrepancy was found in the
results of the nasal samples taken by the patients themselves.
The sample data of nasal samples taken by the HCWs and
the positive rates of samples taken by patients were found to
be compatible. This method can be used as an easier sample
purchase, which reduces the workload of hospital employees.
Sample collection through saliva or nasopharyngeal swab-
bing does not differ significantly in sensitivity and less costly
alternative that could replace nasopharyngeal swabs for col-
lection of clinical samples for SARS-CoV-2 testing [19].
This study demonstrated the clinical usefulness of
nasopharyngeal samples collected by HCWs and naso-
pharyngeal or saliva samples collected by patients for the
diagnosis of COVID-19. It has been shown that samples
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taken by patients during this challenging pandemic period
can provide more comfortable patient experience. Besides,
droplets from frequent coughing or sneezing during sam-
pling increase the risk of other people becoming infected.
Contact between COVID-19 patients causes respiratory
infections in HCWs [20]. It also reduces the use of per-
sonnel protective equipment and especially the need for
personnel sampling is important. Also, it is easy to screen
for COVID-19 in large areas such as airports or home
and office-based testing of asymptomatic patients. Our
study is very important due to the increasing intensity of
the COVID-19 epidemic during this period, and it is not
known exactly when it will end. We think self-collected
nasopharyngeal and saliva samples are a useful approach
during the COVID-19 outbreak. Ultimately, in a rapidly
changing pandemic, it is essential that sampling strategies
are adapted to real-life experience.
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