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Abstract
In order to mitigate the spread of COVID-19, in the early stages of the pandemic outbreak, postponing elective procedures was rec-
ommended all around the world. Outpatient care and dental care were limited to telephone advice and emergency services. Dental 
staff is particularly vulnerable to SARS-CoV-2 contraction, because of the inevitable contact with patients’ body fluids during aero-
sol-generating procedures. The implementation of diagnostic tests among ambulatory patients could improve the occupational safety 
among outpatient care personnel. The aim of this review was to introduce information regarding COVID-19 diagnostics with a par-
ticular focus on the methods which can be utilized in an outpatient and dental care setting. An online PubMed database review of 
articles on COVID-19 diagnostics, published on February 12–May 15, 2020, was conducted. Reverse transcription polymerase chain 
reaction is the gold standard in COVID-19 diagnostics, which determines if a person has an active infection. Unfortunately, its uti-
lization in outpatient care is limited. Serological enzyme-linked immunosorbent assays identify people who were infected, including 
those who have had an asymptomatic infection, but they do not give sufficient information about the acute infection. Rapid serologi-
cal assays developed to facilitate testing outside of laboratories, especially in dental offices, are not recommended by the World Health 
Organization to be used outside research settings, and they should not constitute the basis for clinical decision-making because of 
frequent false-negative results which may consequently contribute to personnel infections. Out of all available COVID-19 diagnostic 
methods, rapid serological assays seemed to be a method of choice in outpatient medical care. Unfortunately, their results turned 
out to be unreliable. The best methods to ensure the occupational safety of medical staff and to avoid cross-infections in outpatient 
care facilities include a thorough epidemiological interview, temperature measurement to rule out patients with an active infection,  
and the implementation of strict infection control procedures. Med Pr. 2021;72(2):155–62
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INTRODUCTION

Since December 8, 2019, a  series of pneumonia cases 
of an unknown origin has emerged in Wuhan, Hubei 
Province, China. In  the  beginning of this disease, se-
vere acute respiratory infection symptoms occurred, 
with some patients rapidly developing acute respira-
tory distress syndrome, acute respiratory failure, and 
other serious complications  [1]. On January 7, 2020, 
a  novel coronavirus was identified by the  Chinese 
Center for Disease Control and Prevention (CCDCP) 

from a  patient’s throat  swab  [2]. On  February 11, 
the International Committee on Taxonomy of Viruses 
officially designated the  SARS-CoV-2 virus  [3].  
As the COVID-19 pandemic accelerated, on March 11, 
2020, the World Health Organization (WHO) declared 
COVID-19 a pandemic [4].

Effective testing gives a chance of sufficient contact 
tracing and containing the  spread of the disease from 
the very beginning. Unfortunately, due to scarce testing 
capacity, nearly all countries in the world decided to im-
plement social distancing measures. On March 16, 2020, 
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the American Dental Association (ADA) recommend-
ed postponing elective dental procedures [5]. The aim 
of this recommendation was to mitigate the spread of 
the coronavirus in the dental offices setting, as the uti-
lization of prolonged aerosol-generating procedures 
constitutes a  high risk of COVID-19 contraction  [6]. 
Then, as governments and dental associations around 
the world lifted their mandates, dentists reopened their 
practices [7]. Just until August 15, 2020, 20 995 433 lab-
oratory confirmed COVID-19 cases had been identi-
fied, and 760 774 people had died [8].

In an ideal situation, when a patient is admitted to 
a dental office, he or she should show a laboratory test 
result, either molecular or serological. Molecular diag-
nostics is expensive and time-consuming, but an in-
teresting alternative is provided by a  rapid immuno-
diagnostic test for COVID-19. Multiple diagnostic test 
manufacturers have developed and begun selling rapid 
and easy-to-use devices to outpatient clinics in order to 
facilitate testing outside of laboratories [9]. The aim of 
this paper is to investigate the available COVID-19 di-
agnostic methods, which can be utilized in outpatient 
clinics, with special consideration of dental offices, to 
ensure the occupational safety of both medical staff and 
their patients.

METHODS

Using online databases, a  systematic review of litera-
ture concerning COVID-19 diagnostics and its implica-
tions for dentistry was carried out. This review is based 
on scientific articles which were available in the PubMed 
database. Supplementary information was obtained 
from WHO and ADA, and from the  Food and Drug 
Administration (FDA) websites. The key words utilized 
included: “SARS-Co-2,” “coronavirus,” “COVID-19,” “di-
agnostic tests,” “molecular tests,” “laboratory diagnostics,” 
“RT-PCR,” “serology,” “antibody tests,” “ELISA,” “antigen 
tests,” “rapid tests,” “point-of-care tests,” “saliva,” “blood,” 
“serum,” “swab tests,” “dentistry,” “dental office,” and “den-
tists.” The authors included scientific papers published on 
January 24–May 15, 2020, both in Polish and English lan-
guages. Only publications focusing on the specific scope 
of this review were eligible for inclusion.

RESULTS

Characteristics of SARS-CoV-2
Coronaviruses (CoVs) are a  group of positive-sense, 
single-stranded RNA viruses  [10]. They belong to 

subfamily Orthocoronavirinae, family Coronaviridae, 
suborder Cornidovirineae, and order Nidovirales  [11]. 
The Orthocoronavirinae are further divided into 4 gen-
era: α-CoV, β-CoV, γ-CoV, and δ-CoV [12]. The α-CoV 
and β-CoV genera mainly infect the respiratory, gastro-
intestinal, hepatic and central nervous systems of mam-
mals  [13]. Based on the sequence analysis of the viral 
genome, SARS-CoV, MERS-CoV and SARS-CoV-2 be-
long to β-CoV. The nucleotide sequence similarity be-
tween SARS-CoV-2 and SARS-CoV is 79%, and between 
SARS-CoV-2 and MERS-CoV about 50% [14]. The ge-
nome nucleotide sequence indicated that the  natural 
host of SARS-CoV-2 is Rhinolophus affinis bat [15,16]. 
The genome of SARS-CoV-2 encodes 4 structural pro-
teins (including Spike [S] and Nucleocapsid [N]), 8 ac-
cessory proteins, and 15 non-structural proteins  [17]. 
The  S protein comprises the  receptor binding do-
main which is responsible for binding to the angioten-
sin-converting enzyme 2 membrane receptor of the host 
cell  [18]. The  N protein is essential for the  packag-
ing and replication of the virus. The S and N proteins 
demonstrate high antigenicity [19].

A recent study has indicated that the  highest viral 
load is found immediately after the onset of symptoms, 
and in greater quantities in the nose than in the throat. 
Compared to the typical flu, COVID-19 is much more 
lethal with a  mortality rate of about 2.92%, whereas 
the annual flu has a mortality rate of just 0.05– 0.1% [20]. 
The viral load found in asymptomatic COVID-19 sub-
jects was similar to that of symptomatic ones, which 
suggests the potential transmission role of asymptomat
ic subjects  [21]. The  inter-human transmission routes 
of CoVs include droplets, direct contact and indirect 
contact through surfaces. The virus has also been iso-
lated in the serum, blood, rectal swabs, saliva, urine and 
stool [14]. As the incubation period ranges 0–24 days, 
transmission can occur before any symptoms become 
apparent [22]. When a patient is suspected of the SARS-
CoV-2 infection, he or she is quarantined for 14 days. 
During that time, a molecular swab test is carried out. 
Unfortunately, if the  result of the  test is false-negative 
and the patient does not develop COVID-19 symptoms, 
he or she is unaware of being an asymptomatic carrier 
of the disease. This poses a great occupational threat to 
the medical personnel treating such a patient.

Specimen collection
According to WHO recommendations, specimens for 
molecular diagnostics can be collected from the upper 
and lower respiratory track. The U.S. Center for Disease 
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Control and Prevention (CDC) recommends collect-
ing the  upper respiratory nasopharyngeal (NP) swab. 
The  collection of an oropharyngeal (OP) specimen is 
a lower priority, and, if collected, it should be combined 
in the same tube as the NP swab [23]. The upper res
piratory swab collection promotes bleeding, especial-
ly in patients with thrombocytopenia or those taking 
anticoagulant and antiplatelet agents. It can also deter-
mine gag and cough reflex, which, due to the proximity 
of the healthcare worker–patient contact, creates a high 
risk of virus transmission [23,24]. For the most sensi-
tive detection of SARS-CoV-2, the collection and test-
ing of both upper and lower respiratory samples (bron-
choalveolar lavage fluid, endotracheal aspirates and 
expectorated sputum) is recommended [25]. However, 
according to Mizumoto et al. [26,27], only 28% of pa-
tients with the severe form of COVID-19 produce ex-
pectorant sputum. Lower respiratory tract samples are 
reserved for selected hospitalized or intensive care unit 
cases.

The accuracy of viral swab tests in clinical practice 
varies depending on the  location and quality of sam-
pling. In  one study, reverse transcription polymerase 
chain reaction (RT-PCR) sensitivity in SARS-CoV-2 
detection, in a group of 205 patients, was 93% for bron-
choalveolar lavage, 72% for sputum, 63% for nasal 
swabs, and only 32% for throat swabs [28–30].

Sabino et  al.  [31] suggested that saliva might play 
a key role in SARS-CoV-2 human-to-human transition 
and non-invasive saliva-based diagnostics can be a con-
venient method for an early detection of the COVID-19 
infection  [31]. The  virus can appear in the  saliva via 
different routes: firstly, with expectorant secretion of 
the  lower and upper respiratory tract  [32]. Secondly, 
SARS-CoV-2 present in the  blood can gain access to 
the  oral cavity through gingival pockets that contain 
liquid with proteins, which are derived from the extra-
cellular matrix and serum. Finally, SARS-CoV-2 can in-
fect salivary glands. It should be emphasized that sali-
vary epithelial cells are infected at the very beginning, 
suggesting that they may be a key source of the virus be-
fore general symptoms appear [33]. A recent test con-
ducted by the Yale University School of Public Health 
found that saliva yielded greater detection sensitivi-
ty and consistency throughout the course of infection 
when compared with samples taken with nasopharyn-
geal swabs [34].

The FDA has granted the  Emergency Use 
Authorization for a test that collects saliva instead of us-
ing the  traditional nasal swab  [35]. A great advantage 

of this procedure is the  fact that patients can collect 
the  specimens by themselves, not exposing the  medi-
cal personnel to the danger of COVID-19 contraction. 
Some strains of SARS-CoV-2 have been detected in sa-
liva up to 29 days after infection  [31]. Serological as-
says require plasma, serum, blood, saliva, urine and fe-
cal specimens. The material should be collected, stored 
and transported in accordance with valid recommenda-
tions [36,37]. Plasma or serum are the most frequent-
ly collected materials for serological tests. Some rap-
id tests also utilize a venous or capillary blood sample 
from the  patient’s finger, and material obtained from 
the  respiratory tract  [30,38]. Moreover, SARS-CoV-2 
specific immunoglobulin A  (sIgA) production has 
been demonstrated in the saliva of intranasally immu-
nized animals  [39]. Accordingly, it is speculated that 
COVID-19 saliva-based diagnostics using specific an-
tibodies against the virus may also be performed [31].

Diagnostic tests
Symptomatic COVID-19 patients are subjected to com-
puter tomography (CT) scans and X-ray examinations 
of the  lungs  [32,40]. The  British Society of Thoracic 
Imaging recommends CT imaging even in patients with 
a suspected coronavirus disease, with clinical symptoms 
and in poor health [41]. Apart from CT, lung ultrasound 
(US) is also recommended. Peng et  al.  [42] indicated 
5 main US clinical findings, including the thickening of 
the irregular pleural line. Most COVID-19 patients also 
demonstrate changes in biochemical and morphological 
tests. Inflammatory parameters such as C-reactive pro-
tein, ferritin, procalcitonin and lactate dehydrogenase 
are increased. In addition, elevated D-dimer levels, fi-
brinogen and extended prothrombin time are often ob-
served [43]. Among the tests for the COVID-19 infec-
tion, molecular tests, antigen tests, and serological tests, 
including rapid tests, can be distinguished [9]. This pa-
per covers the available diagnostic methods which can 
be utilized in outpatient care, especially in dentistry.

Molecular diagnostic tests
As soon as a complete genome of SARS-CoV-2 was se-
quenced by CCDCP, the  data was immediately pub-
lished in international database banks  [31]. This gave 
the  possibility to establish specific primers and stan-
dard operating procedures for nucleic acid tests (NATs). 
The  current NATs for RNA viruses mainly include 
RT-PCR, alternative isothermal amplification meth-
ods, and clustered regularly interspaced short palin-
dromic repeats (CRISPR-Cas13a) based on the Specific 
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High Sensitivity Enzymatic Reporter UnLOCKing 
(SHERLOCK) system  [44]. Due to its simplicity, easy 
methodology and an extensively validated standard op-
erating procedure, RT-PCR is now the  preferred and 
most widely used method for NATs [36]. It is also con-
sidered the diagnostic gold standard, essential to con-
firm a SARS-CoV-2 infection [37]. Numerous tests have 
confirmed high sensitivity and specificity of this meth-
od  [45]. It  is estimated that the  sensitivity of the  test 
ranges 71–98%  [29]. Due to the  fact that RT-PCR is 
a quantitative method [46], a week after the first clinical 
symptoms appear, the sensitivity of this method gradu-
ally decreases due to the reduction in the number of viral 
particles in the epithelium of the respiratory tract, and 
the risk of false-negative results increases [36]. Reverse 
transcription polymerase chain reaction demonstrates 
the highest sensitivity between the seventh and 14th day 
after contact with SARS-CoV-2 [45].

The CDC proposed a SARS-CoV-2 identification al-
gorithm based on a  set of oligonucleotides, including 
nucleocapsid protein specific genes (N1, N2, N3) and 
the RP gene. Current molecular diagnostics is based on 
ready-to-use real-time RT-PCR kits. All tests with ques-
tionable results, negative test results, when at the same 
time the patient manifests COVID-19 symptoms or has 
had contact with people who tested positive, should be 
repeated using a newly collected sample [45]. Typically, 
>24 h are needed to perform the test [47]. There is an 
obligation to send samples to reference laboratories, 
which significantly extends the  time one has to wait 
for the result [46]. Diagnostic protocols require equip-
ment, reagents and trained medical personnel. Due to 
its shortages, the results may be obtained even after sev-
eral days [26].

The collection of high-quality swabs requires quali-
fied healthcare professionals, because the virus titer in 
specimens obtained from the  upper respiratory tract 
swabs is much lower than in samples collected from 
the  lower respiratory tract. In addition, the viral RNA 
titers vary at different stages of the infection [45], and 
the possibility of their detection in the upper respirato-
ry tract decreases with time. [30] In a study by Zhang 
et al. [48], a positive test result was the highest at week 1 
(100%), followed by 89.3%, 66.1%, 32.1%, 5.4% and 0% 
at week 2, week 3, week 4, week 5 and week 6, respec-
tively. Another disadvantage of the test is its relatively 
high cost. Other molecular tests, which are still under 
development and validation, and have not been ap-
proved yet, include reverse transcription loop-mediat-
ed isothermal amplification. This is 1-step nucleic acid 

amplification method which is fast but also difficult to 
perform, which tends to discourage researchers [49].

In general, the  global shortage of diagnostic tests 
and swabs used for collecting respiratory samples, 
the  frequency of false-negative results, and the  inabil-
ity of these tests to be performed in a quick and bulk 
way, which is especially required during the clinical ad-
mittance of patients, have highlighted the necessity for 
the development of additional testing methods [50].

Antigen testing
The FDA has authorized the emergency use of SARS-
CoV-2 antigen testing. It  is a  type of a diagnostic test 
which detects the presence of viral proteins (antigens) 
in a  sample obtained from the  nasal swab specimen. 
The  antigens are detected only at the  initial stage of 
the disease when the virus is actively replicating; there-
fore, such tests are best used to identify acute or early 
infections. The result is obtained faster than in RT-PCR. 
Although the test is characterized by high specify, it al-
so has low sensitivity and, therefore, gives a large per-
centage of false-negative results. For this reason, its re-
sult should be confirmed by RT-PCR [51,52]. The use of 
rapid antigen testing for SARS-CoV-2 infections under 
non-testing conditions is not recommended by WHO. 
Such tests should not be taken into account when mak-
ing decisions by a doctor [9].

Serological antibody diagnostics
Serological tests are another laboratory method for 
the  confirmation of COVID-19 diagnosis. They were 
developed in response to the  shortages of laborato-
ry-based molecular testing capacity and duration of test 
results [29,53]. They mainly include an enzyme-linked 
immunosorbent assay (ELISA), a  chemiluminescence  
assay, an immunofluorescence assay, a  western blot, 
a  protein microarray, and a  neutralization assay. 
Of these methods, ELISA is suitable for first-line screen-
ing due to its large throughput, short processing time, 
and a simple operating procedure, while the neutraliza-
tion assay is used as the gold standard for confirmation 
in many laboratories [44].

Laboratory tests for antibodies utilize plasma or 
blood serum. However, some rapid tests use capillary 
blood or material collected from the  patient’s respira-
tory tract [26]. The tests screen for the presence of an-
tibodies produced during the immune response against 
SARS-CoV-2 N protein [54]. They appear in the blood 
1–3 weeks after the onset of symptoms and may persist 
for a lifetime. These tests can identify people who were 
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infected and have already recovered from COVID-19, 
including those who have had an asymptomatic infec-
tion, in order to confirm it. They are not used to recog-
nize an acute COVID-19 infection. Instead, they can be 
used to determine the percentage of a population that 
have contracted the disease and are, therefore, presum-
ably immune. High IgG antibody titers indicate the ac-
quisition of resistance to re-infection although the du-
ration and effectiveness of such protection is yet to be 
established. It is presumed that once a person has been 
infected, his or her chance of getting a second infection 
2–3 months later is low, but how long that protective 
immunity might last is not known [50].

The determination of the  IgM antibody titer can 
confirm the  current infection. Unlike molecular meth-
ods, which study the direct presence of SARS-CoV-2 in 
the  body, serological methods indicate its presence in-
directly  [30]. These tests can facilitate the  diagnosis of 
a  SARS-CoV-2 infection when an NP swab specimen 
was collected inappropriately and the  molecular assays 
were performed unsatisfactorily. Also, despite the ongo-
ing infection, virus particles may be undetected, because 
the sensitivity of PCR tests decreases with time. Diagnostic 
laboratories perform tests in immunochemical analyzers 
using the ELISA method. Less sensitive and less specif-
ic rapid tests utilize the immunochromatographic meth-
od [36]. It is worth to articulate that serological tests are 
essential in epidemiological studies to understand the ex-
tent of the infection after it has ended. Until vaccine and 
proper antiviral treatment protocols are established, sero-
logical tests should not be underestimated [29].

The ELISA method
The ELISA method is a semi-quantitative method uti-
lizing automated immunochemical analyzers in the de-
tection of IgM, IgA and IgG antibodies  [29]. When 
discussing serological tests, the  phenomenon of se-
roconversion should be mentioned. It  is the  qualita-
tive and quantitative change in the serum antibodies 
during the infection. Due to the fact that SARS-CoV-2 
is a new pathogen, it is not yet exactly established when 
the production of antibodies against the virus occurs. 
In the first stage of the immune response, IgM antibodies 
appear, which over time are replaced by more stable IgG 
antibodies. This relationship is used in the diagnosis of 
various infectious diseases. High levels of IgM and IgG 
usually indicate an active infection, while high levels of 
IgG and low levels of IgM indicate a past infection [30]. 
The IgM and IgG specific antibodies should be detect-
able on the fourth–fifth day of the infection [23,24].

According to one study, IgM antibodies were de-
tected in 70% of the  patients with infection signs on 
the 8th–14th day of the infection, and in 90% of the pa-
tients on the  11th–24th day of the  infection. The IgG 
antibodies to SARS-CoV-2 generally become detectable 
10–14 days after the infection, although they may be de-
tected earlier, and they normally peak around the 28th 
day after the infection onset. [26]. Another study showed 
that the  presence of antibodies was <40% among pa-
tients during the first 7 days of the disease, and then it 
rapidly increased to 94.3% and 79.8% for IgM and IgG, 
respectively, on the 15th day after the onset of the dis-
ease symptoms  [45]. Similarly, in a  study conducted 
by Guo et al. [55], analyzing 208 plasma samples, IgM, 
IgA and IgG were present in 85.4%, 92.7% and 77.9% 
of the  specimens, respectively. On the  other hand, in 
the group of 185 control samples (healthy subjects and 
patients with acute lower respiratory tract infections), 
no anti-SARS-CoV-2 IgM, IgA and IgG were detect-
ed. These authors also found strong cross-reactivity of 
the SARS-CoV serological test. In contrast, no cross-re-
activity with other human coronaviruses (NL63, 229E, 
OC43, HKU1) was found.

Cross-reactivity was found in  the  research by Ho
ward et al. [25]. According to some authors, at the cur-
rent stage of development of serological tests, cross-re-
activity with other coronaviruses can be a  major 
challenge [37]. It is also puzzling whether such cross-re-
action could give false-positive results in patients with 
autoimmune diseases.

Rapid diagnostic tests  
based on antibody detection
Among serological tests, qualitative rapid tests can also 
be distinguished. Most of these assays assess the pres-
ence of IgM and IgG simultaneously, based on the im-
munochromatographic methods which utilize gold par-
ticles. These tests are recommended by manufacturers as 
time- and cost-efficient ready-to-use screening tools for 
dental office use. They resemble pregnancy tests. With 
just a few drops of capillary blood obtained from a finger, 
they provide easy-to-interpret results, without the ne-
cessity for any diagnostic laboratory involvement [53]. 
These tests take <20 min [26]. However, they demon-
strate very low sensitivity and specificity. They  fre
quently give false-negative results, even in the  second 
week of the  infection, because of the  lack of  serocon-
version. What is more, the antigen utilized in the  im-
munochromatographic test is SARSr-111-CoV Rp3 
nucleocapsid protein, which constitutes a  high risk of 
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cross-reactions with other coronaviruses and false-pos-
itive results [23]. Rapid tests used in the dental offices 
should only detect IgM-class antibodies that indicate an 
active COVID-19 infection. If the test assesses both IgM 
and IgG, a positive result may indicate a history of an 
inactive infection. It is also important to check if the test 
is approved for use in the European Union (a CE certif-
icate), and if it could be used for testing human samples 
(an IVD certificate) [36].

Tests used to detect antibody responses to 
COVID-19 in the  population will be critical in sup-
porting the development of vaccines, and in adding to 
the general understanding of the extent of infections 
among people who are not identified through active 
case finding and surveillance efforts, the attack rate in 
the population, and the infection fatality rate. For clin-
ical diagnosis, however, such tests have limited utility, 
because they cannot quickly diagnose acute infections 
and cannot provide the  basis for informed actions 
needed to determine the  course of treatment. While 
WHO does not recommend the  use of antibody-de-
tecting rapid diagnostic tests for outpatient care, it en-
courages the  continuation of work to establish their 
usefulness in the  disease surveillance and epidemio-
logic research [9].

CONCLUSIONS

Due to the  fact that rapid serological tests are an un-
reliable source of medical data, they should not be 
utilized as a  widespread screening tool in outpatient 
medical setting. False-negative results pose a huge dan-
ger of the  spread of COVID-19 to medical personnel 
and other patients. False-positive results, on the  oth-
er hand, may cause patients’ anxiety. The  most reli-
able methods of SARS-CoV-2 diagnostics are molecu-
lar tests such as RT-PCR, but because of the shortages 
in the diagnostic capacity during the COVID-19 pan-
demic and the financial aspect of the widespread lab-
oratory diagnostics, it is impossible to provide them. 
Serological ELISA assays identify people who were in-
fected with SARS-CoV-2 and have already recovered 
from COVID-19, but they do not give sufficient infor-
mation about the acute infection. This is why the only 
means to mitigate the spread of COVID-19 in the out-
patient clinical setting, such as a dental office, includes 
a  thorough epidemiological interview, temperature 
measurement in order to rule out patients with active 
infections, and the  implementation of strict infection 
control procedures.
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