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ABSTRACT 

The  gold  standard  for  routine  microbiological  diagnosis  of  coronavirus  disease  2019 

(COVID-19) is quantitation of viral RNA in respiratory specimens by reverse-transcription 

polymerase chain reaction (RT-PCR). Detecting severe acute respiratory syndrome 

coronavirus 2 (SARS-CoV-2) specific IgM and IgG antibodies in patient sera are additional 

diagnostic tests. It has been known that virus release begins a few days before clinical signs 

appear, and therefore, beginning from 2-3 days before the manifestation of clinical symptoms, 

virus RNA can be detected in the respiratory tract during the symptomatic period of the disease. 

Since the viral load is higher in lower respiratory tract samples such as bronchoalveolar lavage 

and tracheal aspirate, PCR positivity rate might be found higher compared to nasopharyngeal 

samples. Confirmatory PCR tests require specific equipment and trained personnel, and they 

are also time-consuming and costly. Antibody assays are simple, faster tests, do not require 

much equipment and applicable in any laboratory. They can even be performed with 2-3 drops 

of blood collected from the finger tip of patients using relatively inexpensive chromatographic-

rapid tests. These tests can be used in the later period of the disease since specific antibodies 

appear on the 7-10th day of clinical signs in patients with COVID-19. Rapid antibody card tests 

have an average specificity and sensitivity, while antibody tests using microELISA have higher 

sensitivity and specificity. 
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ÖZ 

Koronavirüs hastalığı 2019 (coronavirus disease 2019, COVID-19) için rutin mikrobiyolojik 

tanıda altın standart, solunum yolu örneklerinde viral RNA’nın gerçek zamanlı revers-

transkriptaz polimeraz zincir reaksiyonu (RT-PCR) ile gösterilmesidir. Hasta serumunda 

şiddetli akut solunum yolu sendromu koronavirüsü 2 (severe acute respiratory syndrome 

coronavirus 2, SARS-CoV-2)’ye spesifik olan IgG ve IgM antikorların gösterilmesi de ek 

tanısal testlerdir. Virüs atılımının klinik bulgulardan birkaç gün öncesinden başladığı ve bu 

yüzden semptomların başlamasından 2-3 gün öncesinden itibaren klinik dönem boyunca virus 

RNA’sının solunum yollarında tespit edilebileceği bilinmektedir. Bronkoalveolar lavaj ve 

trakeal aspirat gibi alt solunum yolu örneklerinde viral yük daha fazla olduğundan PCR 

pozitiflik oranı nazofaringeal örneklere kıyasla daha yüksektir. Zaman alıcı ve pahalı olan 

doğrulayıcı PCR testleri, özel ekipman ve deneyimli personel gerektirir. Antikor testleri ise 

basit, hızlı sonuç verebilen, ciddi ekipman gerektirmeyen ve hemen her laboratuvarda 

yapılabilen testlerdir. Nispeten ucuz olan kramotografik hızlı kart testlerle parmak ucundan 

alınan 2-3 damla kanla, hasta başında bile yapılabilir. COVID-19 geçiren kişilerde hastalığın 

7-10. gününden itibaren oluşan antikorlar sebebiyle, bu testler daha geç bir zamanda 

kullanılabilir. Hızlı antikor kart testleri ortalama bir özgüllük ve duyarlılığa sahipken, 

mikroELISA ile çalışılan antikor testlerinin duyarlılık ve spesivitesi ise daha yüksektir. 

Anahtar kelimeler: COVID-19; PCR; antikor; seroloji. 
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INTRODUCTION 

The emerging coronavirus disease 2019 (COVID-19) is 

caused by a novel coronavirus which is in the same group 

of  severe  acute  respiratory  syndrome  coronavirus 

(SARS-CoV) of 2003; therefore, it was named severe 

acute respiratory syndrome coronavirus 2 (SARS-CoV-2). 

COVID-19 led to a serious global pandemic affecting the 

whole world. The clinical spectrum of the disease ranges 

between asymptomatic infection and multiorgan failure. In 

fact, the essential clinical picture involves pneumonia and 

acute respiratory distress syndrome (ARDS) that develop 

in the lung tissue and thromboembolic events that emerge 

in the organs such as heart and brain. The gold standard of 

routine microbiological diagnosis for COVID-19 is the 

identification of viral RNA by real time reverse 

transcriptase polymerase chain reaction (RT-PCR) assay 

in the appropriate clinical samples obtained primarily from 

the respiratory tract. Besides the identification of the 

antigen in the clinical samples, the detection of the IgG and 

IgM type specific antibodies against SARS-CoV-2 is also 

critical for diagnosis. 

In the present review, it was aimed to analyze the available 

laboratory tests and diagnostic stages that should be 

followed in the process of global COVID-19 pandemic 

affecting the whole world. 

 

GENERAL INFORMATION 

SARS-CoV-2 is a member of the Coronavirus family from 

the zoonotic RNA viruses. Coronaviruses (CoV), 

enveloped RNA viruses, have relatively large genomic 

structures with a single-strand, positive polarity, and a 

length of 27-32 kb. Infectious genomic RNA and N 

phosphoprotein constitute helical nucleocapsid. The 

lipoprotein envelope surrounding the virus consists of 

transmembrane matrix (M) glycoprotein and envelope (E) 

protein. Two types of spike-shaped protrusions are present 

on the CoV virion. The long (20 nm) and short protrusions 

comprise spike (S) and hemagglutinin-esterase (HE) 

glycoproteins, respectively (1,2). Because of the crown-like 

appearance of these protrusions, these viruses have been 

named coronaviruses, meaning “crowned virus” and 

originating from the word “corona” which means “crown” 

in Latin. The SARS-CoV-2 genome contains at least six 

open reading frames (ORF). Two-third of its genome is 

composed of ORFs encoding non-structural proteins, while 

ORFs in the remaining one-third of the genome encode at 

least four (S, M, E, and N) structural proteins (3, Figure 1). 

The first described human pathogenic coronaviruses (CoVs) 

were HCoV-229E and HCoV-C43, identified in the mid-

1960s. CoVs have four main genera -alpha, beta, gamma, 

and delta- that are further divided into subgenera. CoVs can 

cause diseases in mammals (bats, cats, dogs, and pigs, and 

various poultries as well as humans). SARS-CoV was 

identified in 2003, leading to a global pandemic, and has 

been shown to be 88% genetically identical with SARS-

CoV-2, the agent responsible for the ongoing 2019 pandemic 

(4,5). SARS-CoV-2 is also a typical CoV and belongs to the 

betacoronavirus 2b family, like SARS-CoV and Middle East 

respiratory syndrome coronaviruses (MERS-CoV). 

Human CoVs can cause a wide range of diseases, varying 

from a simple cold to serious respiratory and multiorgan 

failures as in SARS, MERS, and COVID-19. The mortality 

rate   of   COVID-19   has   been   reported   to   be   between  

 

0.1% and 21% (mean 3.5%), which is lower than the rates 

for SARS-CoV (9.6%) and MERS-CoV (34.4%) (6-8). 

COVID-19 was first identified in pneumonia cases with 

unknown etiology in Wuhan City, China in December 

2019, and subsequently shown to be caused by a novel 

virus. Being highly contagious, by September 2020, 

SARS-CoV-2 had caused 25 million cases of COVID-19. 

 

MICROBIOLOGICAL DIAGNOSIS OF COVID-19 

The incubation period of COVID-19 is 2-14 days (average, 

5.2 days), and virus excretion is considered to begin a few 

days before the manifestation of clinical symptoms. Viral 

RNA can be detected in the respiratory tracts as long as the 

symptoms continue, beginning from 2-3 days before the 

emergence of the clinical symptoms. Since samples 

obtained from the lower respiratory tract, such as 

bronchoalveolar lavage and tracheal aspirate, have a 

higher viral load, a higher PCR positivity rate might be 

detected in those samples than nasopharyngeal samples. 

PCR positivity rates in the samples from the lower 

respiratory tract such as lavage and aspirate were 93% and 

69%, respectively (9,10). 

It has been demonstrated that the virus is replicated in the 

gastrointestinal system, and that alive virus is excreted in 

the stool. Nevertheless, transmission via the fecal-oral route 

remains unclear (11). PCR assays used for confirmation of 

the diagnosis have several disadvantages, such as the need 

for appropriate equipment and experienced personnel, its 

time-consuming nature (5-6 h even for the fastest 

laboratories) and high testing costs (10). 

The detection of the IgG and IgM type-specific antibodies 

that form against SARS-CoV-2 in the blood serum of the 

patient is also critical in diagnosis as well as in the 

identification of SARS-CoV-2-specific antigens in the 

clinical samples (12,13, Figure 2). The tests based on the 

detection of the antigens in the clinical samples are not 

recommended since they have low specificity and 

sensitivity levels. However, antibody testing is useful in 

cases that cannot be confirmed by PCR despite the 

presence of clinical symptoms. The guiding impact of 

antibody testing is incontrovertible in surveillance studies 

due to contact isolation, rapid detection and early treatment 

of infected subjects and prevention of disease progression 

towards advanced stages. These tests also have an 

important supportive effect in early and accurate diagnosis 

of COVID-19, while treatment modalities are controversial 

and given the lack of vaccination. The transmission of the 

virus to the sensitive subject groups can be prevented by 

early diagnosis in asymptomatic or mild cases. Antibody 

testing is an easily applicable and rapid test that can be 

performed in almost all laboratories without the 

requirement of advanced equipment, even at the bedside 

for rapid tests by collecting 2-3 drops of finger-prick blood 

samples. The only disadvantage of these tests is their 

applicability after later periods in the subjects who had 

COVID-19 since the antibodies emerge after the seventh 

to tenth day of the disease. 

IgG and IgM type-specific antibodies that emerge in the 

serum of the patient can be detected by high sensitivity and 

specificity using the devices found in a typical 

microbiology laboratory or manually from human blood 

serum using the microELISA method for the detection of 
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antibodies.  On  the  other  hand,  the  qualitative  rapid 

card-based tests commonly used during the pandemic 

period for chromatographic detection of antibodies have 

an average specificity and sensitivity comparable with 

PCR and microELISA tests (12). The easily applicable 

antibody card-based tests without the requirement of 

experience and equipment also have other advantages such 

as rapid results and low-cost. 

Although SARS-CoV-2 causes temporary viremia in the 

blood, there is no evidence of viral transmission via 

transfusion of blood products (9). 

As a consequence, the essential samples that can be used 

for the diagnosis of COVID-19 are the specimens from the 

respiratory tracts and patient sera. Besides this, the 

following should be kept in mind as critical facts: the 

samples obtained from the lower respiratory tracts likely 

contain a higher level of viral load compared with the 

upper respiratory tracts; viral detection rate can be elevated 

in the samples obtained from the upper respiratory tract by 

concurrent nasopharyngeal and oro-pharyngeal swab 

sampling and transferring to an identical viral transport 

media, if possible; and performing nasopharyngeal 

sampling very deeply (inducing lacrimation and gagging) 

is ideal. Polyester or Dacron swabs should be used to avoid 

an adverse impact on PCR reaction, and those antibody 

tests might be significant and helpful only after the tenth 

day of the clinical process in the patients with COVID-19. 

 

 

 

 
Figure 1. The genomic structure of SARS-CoV-2 and 

MERS-CoV (3) 

 

 

 
 

 
Figure 2. The clinical correlation of the COVID-19-

specific PCR and serological tests (13) 

PCR Tests 

The gold standard of routine microbiological diagnosis for 

COVID-19 is the identification of SARS-CoV-2 RNA by 

PCR (RT-PCR) in respiratory tract samples. RNA extraction 

from the appropriate clinical samples and PCR procedures 

should be carried out in molecular microbiology laboratories 

that have experience and adequate technical infrastructure in 

this field. Biosafety level 2 (BSL 2) precautions should be 

followed, beginning with the acceptance of the samples by 

the laboratory, and it should be assured that authorized 

laboratory staff trained in this field must work in BSL 2 

cabinet using personal protective equipment. 

Viral RNA might be detected in the respiratory tracts by 

PCR as long as the symptoms continue, beginning from 2-

3 days before the emergence of the clinical symptoms. 

Since the samples obtained from the lower respiratory tract 

(bronchoalveolar lavage, tracheal aspirate, and sputum) 

have a higher viral load, the PCR positivity rate of those 

samples is higher than that of nasopharyngeal samples 

(10). Viral clearance can be achieved in the first ten days, 

whereas this period can prolong to six weeks in serious 

cases. Even though pharyngeal samples become negative, 

viral excretion in sputum or stool might last longer. Viral 

RNA can be identified in 30-60% of the COVID-19 

patients by PCR tests (14). 

The virus detection rate of PCR tests varies with various 

factors such as the releasing time of SARS-CoV-2 from the 

respiratory tract, sampling techniques, storage or transfer 

conditions during pre-analytical processes, or PCR experience 

of the working laboratory (Table 1). Therefore, PCR tests 

should be repeated within 24-48 h in COVID-19 suspected 

patients. Even if the RT-PCR tests used today are tests 

validated for the respiratory tract, various studies have shown 

that SARS-CoV-2 RNA can be isolated in cerebrospinal fluid 

and tear samples. In contrast, SARS-CoV-2 RNA is not 

detected in breast milk, amniotic fluid, and genital samples 

(15,16). It has been reported that in COVID-19 cases the virus 

load (which is normally only high in the early period) is high 

in all periods and prolonged especially in the elderly and those 

with severe diseases. High and prolonged viral load is known 

as an important prognostic factor for COVID-19 (17,18). 

The target gene regions used in RT-PCR tests are on the 

RdRp, E, N, and S genes, and it is known that the best 

results are obtained with the E and RdRp genes (9,19). 

Nucleic acid sequence analysis can also be used when 

necessary. The local PCR kit (that was produced in Turkey 

and distributed free of charge to authorized COVID-19 

diagnostic laboratories by the Turkish Ministry of Health) 

also targets the RdRp and N gene region and has a 

sensitivity of 99.4% and a specificity of 99% (9). 

 

 
 

Table 1. Factors contributing to the false-negative PCR (18) 

 Poor quality sample with very little patient material 

 A sampling at a very early or late period of COVID-19 

infection 

 A sample not properly processed and/or sent to the 

laboratory under unsuitable conditions 

 Taking samples with cotton-tipped or wooden-shaft swabs 

 Technical reasons inherent in the test such as PCR 

inhibition or virus mutation 

 Wavy scattering of the SARS-CoV-2 virus into the 

respiratory tract in symptomatic and asymptomatic cases 

IgG 
production 

begins 
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Antibody Tests 

The long time needed to get PCR test results, high cost, 

and requirement of experienced medical staff for 

implementation and interpretation have driven efforts to 

identify easier and more rapidly applicable tests for 

diagnosis of SARS-CoV-2. Despite the rapidly increased 

number of serological tests worldwide to detect SARS-

CoV-2 antibodies thanks to supporting the attitude of the 

FDA on the regulation of the serological diagnostic tests at 

the beginning of the pandemic, these tests were used only 

in limited sampling groups (20,21). 

Even though different results that have been obtained in 

the various tests used to assess the presence of the 

antibodies clear the usage field of serology, no consensus 

on this issue could be established because of the 

contradictory results (22). Infectious Diseases Society of 

America (IDSA) has recommended the use of serological 

studies in the selection of plasma donors, vaccination 

evaluation, and epidemiological studies in the patients 

with clinical symptoms despite negative results for SARS-

CoV-2 RNA (23). 

At the beginning of the pandemic, both IDSA and the 

World Health Organization (WHO) suggested that the 

presence of positive antibodies should be interpreted in 

favor of immunization; nevertheless, no study has yet 

determined whether immunization can be achieved in 

humans. The WHO is still examining the evidence on the 

antibody responses against the SARS-CoV-2 infection 

(24). 

Since immune plasma obtained from the subjects who had 

recovered from COVID-19 contributed to recovery, the 

antibodies formed in these procedures were thought to be 

protective against SARS-CoV-2 (25-27). However, 

uncertainties remain because the specificity and titration of 

the epitope have not been determined. Of the 12 

commercially available and approved antibody kits, only 

five could assess IgG solely, and three could assess both 

IgG and IgM. Subsequent studies have reported conflicting 

findings on titrations (28,29). An important antigenic 

similarity is present between SARS-CoV-2 and other 

seasonal coronaviruses, and this point indicates the 

importance of antigen selection for serological tests for 

high specificity. Even the sensitivity levels of those 

serological tests based on the antibodies that are formed 

against the N or S proteins of the virus and approved by 

the reference centers such as FDA and EUA were low. 

This is because cross-reactions with other coronaviruses 

could not be prevented (20,30). 

Although serological tests intended for use against a 

rapidly spreading pandemic should have a high positive 

predictive value and high specificity, the antibody tests 

used for SARS-CoV-2 do not meet these requirements 

(20,31). Another study that evaluated the adequacy of 

serological tests reported that the four most well-known 

antibody tests with adequate specificity and sensitivity 

became positive on the tenth day of the disease, at the 

earliest; therefore, this outcome narrowed the usable 

window of serological tests in the diagnosis of COVID-19 

(32). 

Circumstances that affect the formation of antibodies 

should be kept in mind. For example, cancer patients have 

significantly lower seroconversion rates than healthcare 

professionals (33). 

As a consequence, because of inadequate quality and low 

sensitivity levels, serological diagnostic kits used to assess 

SARS-CoV-2 IgM and IgG should not yet be used for 

general screening of the SARS-CoV-2 pandemic (34). 

 

CONCLUSION 

The gold standard for routine microbiological diagnosis of 

COVID-19 is quantitation of viral RNA in respiratory 

specimens by PCR. Detection of specific IgM and IgG 

antibodies for SARS-CoV-2 in patients’ sera might be 

helpful tests in COVID-19 diagnosis. Virus detection rate 

of PCR tests vary on various factors such as the releasing 

time of SARS-CoV-2 from the respiratory tract, sampling 

techniques, storage or transfer conditions during pre-

analytical processes, or PCR experience of the working 

laboratory. Specific IgM and IgG antibodies for SARS-

CoV-2 in patients’ sera might be useful after the 10th day 

of clinical signs. Negativity of PCR tests and antibody tests 

cannot exclude COVID-19. Therefore, patients should be 

evaluated together with clinical, laboratory and 

radiological findings. 
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