
World Health Organization, named the disease caused by Severe Acute Respiratory syndrome-coronavirus-2 coronavirus on 11 February 
2020 as Coronavirus Disease-2019 (COVID-19). A person who has clinical symptom and a history of contact with a patient with confirmed 
COVID-19 is identified as a ‘‘possible case’’ and is expected to be confirmed by laboratory test. A confirmed case is asymptomatic/symptomatic 
suspected individual with a positive molecular test. Specific diagnosis is made by specific molecular tests on respiratory samples (orafarengeal/
nasopharyngeal swab/sputum/endotracheal aspirates and bronchoalveolar lavage). The virus can also be detected in the stool and in severe 
patients for a short time in the blood. The number of molecular tests that should be used in the case of a pandemic is rapidly increasing. 
At the beginning of the outbreak in Turkey, tests could only be performed in suspected patients in the central unit and then they began to 
be performed in other reference laboratories. Rapid antigen tests did not provide the desired performance, while rapid antibody tests were 
distributed to the field to support polymerase chain reaction tests and determine immunity. Microbiology Laboratory is indispensable in 
controlling the COVID-19 pandemic.
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INTRODUCTION
World Health Organization (WHO), named the disease caused by 

Severe Acute Respiratory syndrome-coronavirus-2 (SARS-CoV-2) 

coronavirus on 11 February 2020 as coronavirus disease-2019 

(COVID-19). A person who has fever, sore throat, cough, or 

shortness of breath and a history of contact with a patient 

with confirmed COVID-19 is identified as a ‘‘possible patient’’ 

and is expected to be confirmed by laboratory test. Among the 

patients that meet the “possible patient” definition, patients 

with SARS-CoV-2 detected by molecular methods are defined 

as definite or confirmed patients. Specific diagnosis is made by 

specific molecular tests on respiratory samples (orafarengeal/

nasopharyngeal swab/sputum/endotracheal aspirates and 

bronchoalveolar lavage). The virus can also be detected in 

the stool and in severe patients for a short time in the blood. 

Validated and certified tests are not common at this time. The 

number of molecular tests that should be used in the case of a 

pandemic is rapidly increasing. At the beginning of the outbreak 

in Turkey, tests could only be performed in suspected patients 

in the central unit and then they began to be performed in 

other reference laboratories. Rapid antigen tests did not provide 

the desired performance, while rapid antibody tests were 

distributed to the field to support polymerase chain reaction 

(PCR) tests and determine immunity. Microbiology laboratory is 

indispensable in controlling the COVID-19 pandemic. Molecular 

tests have become widespread in our country, the number of 

tests performed has gradually increased, and the results can be 
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obtained rapidly. In this way, support has been provided to the 
clinic and contact tracing.

Coronaviruses and SARS-COV-2

History

In 1937, Beaudette and Hudson identified the first coronavirus 
to cause respiratory infection in chickens (1). The first patient 
with human coronavirus (HCoV) infection was reported in 
1960. This patient was suffering from the common cold (2). 
These coronaviruses have been divided into two different 
antigenic classes as HCoV 229E and HCoV OC43 (3). HCoV NL-
63 was defined in 2004 and HCoV HKU1 in 2005. In many 
studies, it was determined that especially HCoV NL-63 caused 
respiratory system infections in children (4). SARS caused by 
SARS-CoV-2, which alarmed WHO in February 2003, affected 
countries such as Hong Kong, Taiwan, Canada and Singapore 
the most after the Guandong region of China. The disease, 
which is thought to be transmitted first from bats to palm 
musk cats and from them to humans, reached 8422 patients in 
an eight-month period, with most of the patients from China. 
Nine hundred sixteen deaths were recorded and the mortality 
rate was determined as 10.8%. After 2004, there has been no 
new case report related to SARS-CoV-2. Another coronavirus, 
Middle East respiratory syndrome (MERS)-CoV-2, was isolated in 
2012 from the respiratory sample of a 60-year-old patient with 
acute pneumonia and kidney failure (MERS) in Saudi Arabia. 
Studies have found that dromedary camels act as reservoirs 
for this virus. As of February 14, 2020, it differs from other 
coronaviruses with more than 2.500 laboratory-approved 
patients and a high fatality rate of 34.4% (5). In late December 
2019, Chinese health officials concentrated their work on 
the cluster of patients with atypical pneumonia occurring in 
people in a seafood and livestock market in Wuhan, Hubei 
Province of China. Fever, cough and chest discomfort and/or 
respiratory distress were reported most frequently in patients. 
The patients were diagnosed as having pneumonia with the 
help of radiological diagnostic tests such as chest X-rays and/
or computed tomography. By sequencing the bronchoalveolar 
lavage samples taken from patients, a variable betacoronavirus 
(betaCoV) showing approximately 80% sequence homology 
with the bat SARS virus-like coronavirus was identified (6). 
The virus was then isolated in cell culture and, according to 
detailed genetic analysis results, it was reported to show 89% 
sequence homology with bat SARS-like-CoVZXC21, 82% with 
human SARS-CoV-2 and approximately 51.8% with MERS-CoV-2 
(7). Variant CoV-2, named as SARS-CoV-2 by the International 
Committee of Taxonomy of Viruses, has been defined as the 
seventh CoV-2 that causes disease in humans and the third 

CoV-2 that has been associated with severe respiratory diseases 
since 2003 (8,9). WHO named the disease caused by SARS-CoV-2 
coronavirus as COVID-19 on February 11, 2020 (10).

General Features and Genome

Coronaviruses belong to the order Nidovirales, family 
Coronaviridae, and subfamily Orthocoronavirinae. The 
Orthocoronavirinae subfamily involves four genera and 
is classified into multiple subgenera under these genera: 
Alphacoronavirus (alphaCoV), betaCoV, deltacoronavirus and 
gammacoronavirus. Only alphaCoV and betaCoV are known 
to infect humans. The coronavirus family is an enveloped, 
positive-polar RNA virus family with helical symmetry that 
causes disease in mammals and birds such as camels, cattle, 
and cats. Coronaviruses are the largest RNA viruses detected 
so far in terms of genome size and genetic complex structure. 
The large genome makes the virus less dependent on the host 
during replication. Its replication occurs in the cytoplasm of 
respiratory and gastrointestinal epithelial cells. Because it is 

seen as a crown, it is called “corona”, which means crown in 

Latin (11). In Figures 1 and 2, the schematic view and electron 

microscopic view of SARS-CoV-2 are shown. SARS-CoV-2 is 

from betaCoV 2b lineage. Coronaviruses are 65-125 nm in 

diameter and contain single-stranded RNA as nucleic acid, 

approximately 30 kbs long. Like other CoVs, it is sensitive 

to ultraviolet light and heat. It can be inactivated with lipid 

solvents such as ether (75%), ethanol, chlorine-containing 

disinfectant, peroxyacetic acid and chloroform other than 

chlorhexidine. Its single-stranded RNA contains 29,891 

nucleotides and encodes 9,860 amino acids. Coronaviruses 

are capable of replicating their own genomes without 

integrating into the host genome. They owe this ability to 

Figure 1. Schematic view of SARS-CoV-2
SARS-CoV-2: Severe Acute Respiratory syndrome-coronavirus-2
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the RNA-dependent RNA polymerase (RdRp) gene that they 

have. RdRp gene enables these viruses to replicate their own 

genomes in the host’s cytoplasm (12-14).

SARS-CoV-2 has a typical coronavirus structure. The envelopes of 

coronaviruses are made up of lipids.

Their genomes consist of structural, non-structural and accessory 

genes. In this context, in addition to the leader sequence, it 

contains the gene encoding the replicase protein required in the 

replication and transcription processes of RNA, the ORF1a and 

ORF1b encoding non-structural proteins, the S gene encoding 

the spike (S) protein, the M gene encoding the membrane 

(M) protein, the E gene encoding the envelope (E) protein, the  

N gene encoding the nucleocapsid (N) phosphoprotein and 

various numbers of ORFs (replicase open reading frame), which 

encode genes of which functions are unknown. 

Coronaviruses have four main structural proteins. These are S, 

M, E and N proteins. All of the structural proteins are encoded 

from the 3’ end of the viral genome. The S glycoproteins 

are located outside the virion and give the virions their 

typical shape. By forming homotrimers, S proteins provide 

the formation of crown-shaped morphologies that give 

coronaviruses their name. The S protein is cleaved by the 

host cell’s protease enzyme into two separate polypeptides 

S1 and S2. The S1 subunit forms a large part of the receptor 

binding domain of the S protein, while the S2 subunit forms 

the stem of the S protein, which is likened to the spike model. 

S proteins bind to the virion membrane via their C-terminal 

transmembrane regions and also interact with M proteins. 

Virions bind to specific surface receptors on the plasma 

membrane of the host cell via the N-terminal of S proteins 

[this receptor for SARS-CoV-2 is the angiotensin-converting 

enzyme 2 (ACE2) receptor] (15).

The coronavirus M glycoprotein has 3 transmembrane regions. M 

proteins are glycosylated in the golgi apparatus. This modification 

of the M protein is important in the fusion of the virion into 

the cell and gaining antigenic properties of the protein. The M 

protein plays a key role in regenerating virions inside the cell. The 

N protein forms a complex by binding to genomic RNA, and then 

the M protein interacts with this complex in the endoplasmic 

reticulum-golgi apparatus intermediate compartment (ERGIC), 

triggering the formation of virions. This protein is important 

in the sensitization of the host cell by the virus, enabling the 

activation of the Interferon beta pathway by a toll-like receptor-

dependent mechanism (16).

Coronavirus E proteins are small proteins that are approximately 

76 to 109 amino acids long. Coronavirus E protein is an important 
virulence factor that plays a role in the accumulation of virions 
inside the cell and the separation of the virus from the cell by 
budding. It has been found that if there is no E protein in the 
virus, the viral load in the host is lower (17).

N protein is a helix and flexible phosphoprotein that can 
bind to viral genomic RNA. N protein has an important role 
in the structure of the virion, replication and transcription of 
coronaviruses; because it is localized both in the replication/
transcription region of coronaviruses and in the ERGIC region 
where the virus is collected. As a result of the crystallization 
studies of the N protein of Avian infectious bronchitis virus 
and SARS coronaviruses, it has been shown that the N terminal 
of the protein binds to viral genomic RNA and the C terminal 
causes oligomerization during the accumulation of the virus 
(18). In addition, the C terminal of the N protein also interacts 
with the viral M protein. In studies, it has been observed that 
when viral M and N proteins are expressed together by means of 
mammalian expression vectors, M and N proteins interact in the 
cell to form structures similar to virions. The N protein also acts 
as an interferon antagonist, thereby inhibiting the virus from 
trying to be destroyed by the immune system (19).

The non-structural proteins (nsp) in the coronavirus genome are 
involved in a wide range from transcription of RNA to protein 

Figure 2. Electron microscopic view of SARS-CoV-2 (source: https // 
www.gisaid.org/last access date: 25.05.2020)
SARS-CoV-2: Severe Acute Respiratory syndrome-coronavirus-2
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synthesis and modification. They are listed between 1-16. Among 

these, 3CL-pro, PL-pro, RdRp and helicase are important targets 

for the development of small inhibitor molecules due to their 

functional structures and enzyme active sites.

1- Papain-like proteinase (PL-pro) is responsible for cleaving the 

N-terminal of the replication polyprotein to release nsp1, nsp2 

and nsp3, which are responsible for correcting virus replication. 

In addition, studies have confirmed that PL-pro is important 

for antagonizing the innate immunity of the host. PL-pro, an 

indispensable enzyme during coronavirus replication and host 

infection, has been a popular target for coronavirus inhibitors 

(20).

2- 3C-like main protease (3CL-pro); 3CL-pro, also known as nsp5, 

first automatically separates from polyproteins to produce 

mature enzymes and then separates nsp at specific regions to 

release nsp4 and nsp6. 3CL-pro directly mediates the maturation 

of nsp, which is necessary in the life cycle of the virus (21). 

3- RNA-dependent RNA polymerase; RdRp is required for the 

genome replication of coronaviruses. RNA viruses containing 

RdRp can reproduce independently of the host and therefore 

reside in the cytoplasm. The protein itself is highly conserved, 

meaning that its structure is similar in all viruses containing 

the enzyme. Nsp12, a protein conserved in coronaviruses, is 

an RNA-dependent RNA polymerase and is the most important 

enzyme of the coronavirus replication/transcription complex 

(22).

The main reason for transmission from animal to human is the 

ingestion of an infected animal, then the virus is passed from 

infected individuals to healthy individuals by close contact. 

The disease is mainly transmitted by droplets. In addition, the 

droplets emitted by sick individuals through coughing and 

sneezing are transmitted by touching the mouth, nose or eye 

mucosa after contact with other people’s hands. Since viruses 

can be detected in respiratory tract secretions of asymptomatic 

people, it can be contagious (23). 

It binds to the ACE-2 receptor on the host cell surface 

via the virion S protein and enters the cell and leaves its 

genomic RNA to the cytoplasm. Primarily, two viral replicase 

polyproteins are synthesized. These two large proteins are 

transformed into 16 nsp with the help of proteases. These 16 

nsp form double membrane vesicles and the replication and 

transcription complex. New virions are formed by combining 

newly formed structural proteins and genomic RNA in the 

ERGIC. The newly formed virions exit the cell using exosomes 

(24). 

Laboratory Diagnosis

Sampling and Transport

Since it will cause aerosol scattering during the sampling process 

for molecular or other tests to be performed for the diagnosis 

of COVID-19, the personnel who will perform this procedure 

should use appropriate personal protective equipment (N95 

mask, goggles, face protection). Health personnel assigned in 

this field are primarily informed by persons experienced in 

the prevention and control of infections (such as Infectious 

diseases specialist, microbiology specialist or ınfection control 

nurses). Training should be provided on infection control 

measures, use of personal protective equipment, appropriate 

sampling, storage and transportation of the sample under 

appropriate conditions. Ideally, it is recommended that first 

oropharyngeal sampling using oropharyngeal swab, then 

nasal sampling using the same swab should be performed 

and the swab should be placed in the same viral transport 

medium. Sputum, endotracheal aspirate samples and 

bronchoalveolar lavage samples can be used in patients with 

more severe respiratory disease. However, it should be kept in 

mind that the risk of transmission may be higher in this case 

(25). Figures 3 and 4 illustrate the nose and throat sampling 

using swab. Sampling and storage conditions are included in 

Table 1.

The fact that the if the first sample taken from patients who meet 

the definition of a possible case and whose infection findings 

continue worsening is an upper respiratory tract sample and 

the test result is negative, this does not exclude the suspicion of 

COVID-19 infection.

Figure 3. Taking a nasal swab



14

Arabacı et al. SARS-CoV-2 and Microbiological Diagnosis Eur Arch Med Res 2020;36(Suppl 1):10-20

Diagnostic Tests

In classical virology, diagnostic tests can be classified as cell culture, 
serology and molecular tests. Virus isolation is carried out under 
Biosafety level-3 (BGS-3) conditions. The WHO does not recommend 
virus culture and isolation for diagnostic purposes (27).

Today, there are 2 currently valid test methods for the diagnosis 
of COVID-19 (28).

1. Tests to detect viral antigens/viral RNA

2. Serological tests     

1- Rapid Diagnostic Tests Detecting Antigen

The antigen test, a type of rapid diagnostic test, is based on 

detecting the presence of viral proteins expressed by SARS-CoV-2 

in the respiratory sample. Since the detected antigens only occur 

when the virus is replicated, they are used to identify acute or 

early infection. How well the test works depends on a variety of 

factors, such as when the sample is taken, the viral load, and 

the quality of the sample. The US Food and Drug Administration 

announced that it approved the first antigen test (Sofia 2 SARS 

Antigen FIA) on 8.05.2020. Detected in this test is the SARS-

CoV-2 nucleocapsid protein. Rapid results are its most important 

advantage. However, reactive results do not exclude other 

coronaviruses and bacterial infections that cause cold. Tests with 

nonreactive results should be confirmed with a molecular test 

depending on the patient’s condition (29). Advanced antigen-

detecting tests with sufficient performance can be used as a pre-

test to quickly identify patients who are likely to have potential 

COVID-19 and reduce the need for expensive molecular 

confirmatory testing. With the current limited data, WHO 

discourages the use of antigen tests to diagnose the disease.

2- Viral RNA Tests

The first preferred test method for the diagnosis of COVID-19 

is viral nucleic acid determination with reverse transcription-

PCR (RT) (30). RNA can be obtained from upper respiratory 

tract (oropharynx and nasopharynx) swabs as well as lower 

respiratory tract samples such as bronchoalveolar lavage 

and sputum. It has been observed that samples taken from 

the nasopharynx give two times better results than samples 

taken from the oropharynx (31). If both samples are taken, it 

is recommended to combine the samples in a common tube, 

Table 1. Sampling and storage conditions (26)

Type of sampling Collection of material Conditions of transport of 
material Storage

URT sampling (NP/OP swab and nasal 
swab) Dacron or flocked swab (in VTM) 4 °C

Within 5 days: 4 °C

More than 5 days: -70 °C

LRT sampling (sputum, tracheal 
aspirate) Sterile container 4 °C

Within 48 hours: 4 °C

More than 5 days: -70 °C

Lung biopsy Sterile container with salt water 4 °C
Within 48 hours: 4 °C

More than 5 days: -70 °C

Serum

Serum tube (duplicate samples 
are collected for serological tests. 
Acute phase: Within 7 days of 
symptom onset. Recovery period: 
14 days after collection in the 
acute phase)

4 °C
Within 5 days: 4 °C

More than 5 days: -70 °C

VTM (viral transport medium) containing antibacterial and antifungal must be used to transport samples. Repeated freezing and thawing should be avoided. If VTM is not 
available, sterile saline can also be used (In this case, the storage time at 2-8 °C may be shorter than stated above).
URT: Upper respiratory tract, LRT: Lower respiratory tract, NP: Nasopharyngeal, OP: Oropharyngeal, VTM: Viral transport media

Figure 4. Taking a throat swap
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and it is known that the best result will be obtained by joint 
testing of both the lower and upper airways. SARS-CoV-2 RNA 
can also be isolated from stool, urine and blood samples, but 
these samples are less reliable than respiratory samples. It is 
recommended that upper respiratory tract samples be collected 
within a few days of the onset of symptoms. It has been reported 
that the virus peaks in the upper respiratory tract at the end 
of the first week, and in the lower respiratory tract at the end 
of the 3rd and 4th weeks in more severe patients (32). PCR 
tests should be run under BGS-2 conditions and with personal 
protective equipment. It is known that the PCR test does not 
detect any viruses other than SARS-CoV-2 by cross-reaction, 
and therefore it is a highly specific test. Although a definite 
rate cannot be given for its sensitivity, it has been reported that 
it ranges between 63-78% (33). False negativities are common 
due to reasons such as low viral load or displacement of viral 
load, incorrect sampling, early or late sampling, antiviral use 
before testing, transport error, presence of PCR inhibitors in 
the environment, and viral genetic mutation. If the test is 
negative, repeating it at intervals is recommended to increase 
the sensitivity of the test (26,32-34). It is of great importance 
to evaluate the clinical findings of the patients together with 
the RT-PCR results. For example, in a study of 4.880 patients 
conducted in Wuhan, the city where the pandemic started, 
it was reported that diagnostic value of RT-PCR increased by 
19% in the presence of fever, and the diagnostic value of the 
test increased in advanced age and male patients (35). Again 
in a clinical observation of 82 patients made in China, when 
evaluated together with computed tomography, it was found 
that the sensitivity of RT-PCR increased from 79% to 94%, and 
this situation was found to show that the presence of lung 
involvement like other clinical findings reduced the rate of 
false negativity of RT-PCR (36).

RT-PCR is a gold standard method used in the confirmation of 
COVID-19 infections despite its limitations (31). It enables the 
amplification of nucleotide sequences in the targeted regions of 
the RNA of the virus to become visible in real time with fluorescent 
dyes (37). S and N genes and non-structural RdRp and ORF 1a/b 
genes are often used as target regions because they are genes 
that are conserved in the evolutional process, expressed and 
less involved in cross-reaction genes (38). When the diagnostic 
value of the RdRp/Hel region of SARS-CoV-2 is compared with the 
RdRp-P2 region, its sensitivity and specificity have been found 
to be higher (38,39). Various number of different gene regions 
are used in different test kits and RT-PCR protocols suitable for 
these gene regions are performed. International viral transport 
mediums and kit specific viral nucleic acid buffers can be used 

for sample collection and transport. The samples taken should 
preferably be delivered to the laboratory at 4 ºC and as soon as 
possible. The threshold cycle value (Threshold cycle/Ct) of target 
genes that can be evaluated at the end of PCR is below the limit 
value, indicating the presence of viral nucleic acid and means 
a positive result. The test results in an average of a few hours 
(34). Reactive reaction conditions, the number of genes analyzed 
can affect the sensitivity of the analysis. Optimization of PCR 
conditions by the laboratory is important. The clinical laboratory 
is required to perform a quality control in routine work using 
validated negative and positive samples. Apart from all these, 
the tested pathogen is an RNA virus. RNA is a molecule with 
low stability, it can be easily degraded by many enzymes after 
cell destruction, and it has a high risk of contamination. It is 
also known that RNA viruses are highly susceptible to mutation. 
Therefore, conducting the test on an RNA virus is an important 
factor that can highly affect the specificity of the test (40).

In conclusion, although real-time PCR is the first test used 
in the diagnosis of COVID-19, it should not be considered 
alone when making a decision for isolation and treatment 
due to false negative rates. Patients should be handled with 
a multidisciplinary approach and they should be evaluated 
together with all other data including clinical findings, lung CT, 
etc. (41).

Sequence Analysis

The virus genome ranges between 26-32 kb, contains 14 ORFs 
regions and encodes 26 proteins. S surface glycoprotein, E 
protein, M protein, and N protein are its main proteins (40).

Similarity of previously known SARS-CoV-2 (79%) and MERS-CoV-2 
(50%) has been demonstrated by sequencing the genome data 
of the virus. It has been observed that SARS-CoV-2 shows a high 
level of homology to SARS-CoV-2 except for the differences in 
ORF1a and S gene. The RNA sequence of the virus evaluated in 
phylogenetic studies have shown that the virus belongs to the 
betaCoV family. Thus, many information about the virus’s origin, 
evolution, mechanisms, transmission routes and treatment 
could be predicted. The similarities and differences in the  
S gene encoding the S protein have given important clues about 
the binding of the virus to human ACE2 receptors and human-
to-human transmission. By performing protein modeling 
studies of the obtained sequence, it has been reported that the 
S protein has a high affinity for ACE2 receptors. Data such as 
human-to-human transmission dynamics, immune response, 
viral replication rate and virus mutation rate were obtained by 
determining the virus genome (40,42). In another study, 10 SARS-
CoV-2 sequences obtained from different countries of the world 
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were compared. No difference was observed in the sequences 
encoding the M and N proteins. Two amino acid variants in 
the S protein sequence, one mutation in the E protein in one 
sample, and two possible single nucleotide polymorphisms were 
detected in the ORF1ab and ORF8 regions (43).

Similar studies of the RNA sequence of the virus are very 
valuable in terms of the course of the pandemic, prophylaxis 
and treatment of the disease (43). The genome sequencing of 
SARS-CoV-2 has also paved the way for vaccine technologies that 
can be developed against the virus. Vaccination studies on other 
viral pathogens, especially on DNA and mRNA, have paved the 
way for SARS-CoV-2 studies (44). The sequence of the ACE-Fc 
protein has been reported to be a candidate gene in studies to 
be performed (44-46).

3- Serology

Another broad category of tests in the diagnosis of Covid-19 are 
serological tests that detect Immunoglobulin M (IgM), IgA, IgG 
and total antibodies (in blood). The occurrence of an antibody 
response to infection depends on host immunity and requires 
a certain period of time. Therefore, the age of the patient, 
nutritional status, severity of the disease, diseases such as HIV 
and the drugs used may be important in the formation of 
immunity. Since antibody tests cannot be used in the early stage 
of acute infection and do not affect the duration of treatment, 
their use in clinical diagnosis is limited. Tests showing antibody 

responses can be used for retrospective diagnosis by showing 

increased antibody levels in acute or convalescent periods in 

blood samples taken from patients with negative molecular 

test results for COVID-19 but with strong suspicion of COVID-19 

(Figure 5). With current knowledge, time and more studies are 

needed on whether individuals infected with SARS-CoV-2 and 

have recovered later will be protected from SARS-CoV-2 in the 

future or how long protective immunity can last. Antibody tests 

for SARS-CoV-2;

1- It can be performed to monitor the contact person.

2- It can be used for serological monitoring at local, regional and 

national levels.

3- It is valuable in identifying people who have been exposed to 

the virus and may therefore be immune.

4- It can be used for diagnostic purposes to test individuals with 

clinical/radiological findings who are viral RNA-negative.

5- Information from serological tests can be used to guide 

decisions in individuals about returning to work, including 

individuals working in environments where they could 

potentially be exposed to SARS-CoV-2 (e.g. healthcare workers).

6- It can be useful in identifying individuals who may be sources 

for therapeutic or prophylactic neutralizing antibodies in plasma 

therapy.

Figure 5. Relationship between antibody levels and disease course
SARS-CoV-2: Severe Acute Respiratory syndrome-coronavirus-2, IgM: Immunoglobulin M, IgG: Immunoglobulin G
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7- It can be used to evaluate response in vaccine studies and to 

determine immunity levels in the population.

In bedside chromatographic tests, monoclonal antibodies (mAb) 

are used to detect viral antigens in clinical samples, or cloned 

viral antigens are used to detect antibodies against the virus. In 

the “lateral flow” test method, there is a strip embedded in the 

cassette and the reagent fixed on the nitrocellulose membrane 

(a mAb for a viral antigen or a viral antigen recognized by the 

patient’s antibodies). The patient’s sample is added to the 

strip and reacts with the previously immobilized reagent. The 

samples to be investigated may be serum, plasma or, in some 

cases, whole blood. The test can often be performed with two 

to three drops of blood taken from the patient’s fingertip. As 

a result of the positive reaction, a colored line is observed on 

the strip. Most tests also include a checkpoint or band so the 

results can be evaluated. Results are read visually and given 

qualitatively within minutes (47).

Enzyme immunoassay (EIA) tests, which take longer to 

develop, have less sensitivity and specificity than molecular 

methods, but they are easy to use and give results in a shorter 

time. However, the inability to reproduce the results obtained 

during their validation in clinical settings and the uncertainty 

of the results of the tests create serious diagnostic difficulties.

In the EIA method, the antibody bound to the antigen-antibody 

complex is marked with an enzyme and the enzyme activity 

is detected by measuring the intensity of the color change 

(enzyme-linked immunosorbent assay-ELISA) or the resulting 

light (chemiluminescent immunoassay-CLIA), and thus the 

antigen antibody reaction is detected. The direct method used 

in the search for antibodies by ELISA technique is also known 

as the “sandwich” or “double antibody” method (48). Proteins 

frequently selected as targets in tests are the N protein, which 

plays an important role in replication and transcription, and 

the “S” protein that facilitates viral entry into airway epithelial 

cells by binding to ACE2 expressed on the host cell surface (S1 

and S2 in some tests) (49). In the study performed by Jin et al. 

(50) using the CLIA method, they found that the sensitivity for 

IgM was 48.1%, the specificity for IgM was 100%, the sensitivity 

for IgG was 88.9%, and the specificity for IgG was 90.9%. In 

another study conducted by Pan et al. (51), it was stated that 

IgM, IgG and total antibody levels were at the highest level 

after the 15th day.

The SARS-CoV-2/COVID-19 tests and their use are shown in Table 

2, and the clinical significance of the SARS-CoV-2/COVID-19 tests 

is shown in Table 3.

COVID-19 Diagnostic Laboratory Studies and Test Algorithm in 
Our Country

The first patient in our country was observed on March 11 and 

until today, 2.070,719 tests were performed, 164 764 positive 

patients and 4563 deaths were reported (As of 01 June 2020).

First, PCR test for COVID-19 started to be performed in our 

country in only one test center (Public Health Agency of 

Turkey). With the increase in the number of tests, the number 

of test centers has also increased and as of 01 June 2020, 129 

laboratories in 73 provinces have been authorized as COVID-19 

Diagnostic Laboratories by the Ministry of Health. There are 2 

types of PCR kits supplied to these laboratories by the Ministry 

of Health. The first of these is Biospeedy kit (Bioeks, Turkey) 

which targets viral RdRp. Virus RNA is isolated with VNAT 

solutions provided by the same brand. RT-PCR is provided 

Table 2. Tests of SARS-CoV-2/COVID-19 and their use

Test Status of individual Usage Benefit 

Viral nucleic acid 
(RNA) Amplification 
(nasopharyngeal swab, 
oropharyngeal swab, 
sputum, bronchoalveolar 
lavage, other)

SARS-CoV-2 infection

1- Infection and transmission 
status of the individual Status of individuals, isolation and treatment

2- Patient management and 
control screenings to prevent 
contamination

People staying or working in healthcare sector or 
care facilities for long-term

3- In necessary procedures to 
prevent contamination

Contribution to public health by identifying the 
contacts

Antibody detection

(Blood, plasma, serum, 
fingertip blood)

Prior SARS-CoV-2 
infection

1- Identification of suspected 
patients (antigen, PCR negative 
and previously infected) Identification of potential immune individuals

2- Identifying individuals with 
neutralizing antibodies Plasma therapy

3- To facilitate contact tracing and 
surveillance

Contribution to public health by identifying the 
contacts

SARS-CoV-2: Severe Acute Respiratory syndrome-coronavirus-2, COVID-19: Coronavirus Disease-2019
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in a single step and the amplification of SARS-CoV-2 RNA is 

performed in a single tube with internal control and read in 

two different channels.

The second PCR kit is an imported kit called Direct Detect (Coyote 

Bioscience, China). Isolation is achieved quickly with the reagents 

provided by the kit, and RT and amplification are carried out 

in one step. Differently, two different regions are targeted for 

amplification (N and ORF1ab), and when internal control is 

considered, readings are made in three different channels, 

and positivity is diagnosed by observing amplification in both 

targeted regions. Observing amplification in only one region is 

not sufficient and requires repeating the test with the same or a 

different method.

Various antibody tests have also been distributed to laboratories 

authorized by the ministry of health in our country. Some of 

the kits can detect IgM and IgG type antibodies separately, while 

others detect total antibodies. Both of the two test categories 

for SARS-CoV-2 have been useful in this pandemic. If the rapid 

antigen test is represented by a product with increased sensitivity, 

it can be used in field pre-scans, in areas where PCR is impossible 

or inadequate. In breaking the pandemic, the power of the test is 

inevitable, and knowing the sensitivity of the diagnostic tests and 

increasing them if necessary will make valuable contributions to 

the clinic in terms of public health in starting contact tracing, 

follow-up of contacts and termination of contact tracing.

The first genome sequence of the SARS-CoV-2 shared in Turkey 

was provided open access by the Ministry of Health via GISAID 

database on March 25, 2020 (https //www.gisaid.org/last access 

date: 01.06.2020).

COVID-19 Diagnostic Laboratory Studies in Our Hospital

In our hospital, after we started following up patients with 

COVID-19, respiratory samples of these patients were sent 

to Public Health Laboratory no: 1, Kanuni Sultan Süleyman 
Training and Research Hospital, Turkey Institutes of Health 
Administration (TÜSEB), which started to perform SARS-CoV-2 
PCR, and to COVID-19 PCR laboratories established in other 
training and research hospitals when necessary. Testing periods 
in external centers were 3-4 days on average. As a result 
of negotiations with TÜSEB in the first week of April 2020, a 
3000-capacity COVID-19 PCR diagnostic center was established 
in our hospital. After the necessary logistical arrangements were 
made, this center started to work actively on 19 April 2020. While 
the preparations for the opening of the COVID-19 diagnostic 
center were continuing, 1,400 COVID-19 IgG and IgM rapid 
antibody card tests were sent to our hospital through the Ministry 
of Health. A special room and working team were established 
in the Infectious Diseases and Clinical Microbiology Outpatient 
Clinic. The training was completed by providing information 
on safe working principles and protection. Rapid antibody tests 
have started to be actively performed on April 14, 2020, and 
the personnel working in our hospital are still being screened. 
Seven biosafety cabinets, 4 PCR devices, other necessary PCR 
equipment and a young team of 10 people, experienced in 
biology, molecular biology and genetics departments of various 
universities, were sent to the COVID-19 diagnostic center 
established in our hospital. Initially, the Direct Detect (Coyote 
Bioscience, China) kit was used. Currently domestic Biospeedy 
(Bioeks, Turkey) kit is used. In our laboratory, samples from 
other hospitals affiliated to Beyoğlu Presidency are also studied. 
Our daily number of tests ranges from 300 to 800. Almost all 
of the tests are studied during the day, and the average time 
for giving result is less than 24 hours. In our laboratory, 1047 
rapid antibody tests were performed during this period and 
the positivity rate was 19.2%. The number of SARS-CoV-2 PCR 
tests studied in the same period was 22 277. The positivity rate 
was on average 10.2% (the positivity rate, which was 23% at the 
beginning, decreased over time and fell below 5%).

Table 3. Clinical significance of SARS-CoV-2/COVID-19 tests

Test result
Clinical significance

PCR IgM IgG

+ - - The patient may be in the window period of the infection

+ + - The patient may be in the early phases of the infection

+ + -/+ The patient is in the active phase of the infection

+ - + The patient may be in the late phase of infection or in recurrence phase.

- + - The patient may be in the early phase of the infection (PCR result may be false negative)

- - + The patient has had the infection and has recovered

- + + The patient may be in recovery phase or the PCR result may be false negative

SARS-CoV-2: Severe Acute Respiratory syndrome-coronavirus-2, COVID-19: Coronavirus Disease-2019, PCR: Polymerase chain reaction, IgM: Immunoglobulin M, IgG: 
Immunoglobulin G



19

Arabacı et al. SARS-CoV-2 and Microbiological DiagnosisEur Arch Med Res 2020;36(Suppl 1):10-20

CONCLUSION
As a result, in the COVID-19 pandemic, with molecular and 
serological diagnostic tests, it is possible to verify the patients 
in accordance with national guidelines and to effectively 
isolate positive cases. Accurate and reliable test results make 
it possible to prevent the disease, to get it under control 
quickly and to provide the necessary support to the patient in a 
timely manner. The power of the test is inevitable in breaking 
the pandemic, and knowing the sensitivity of the diagnostic 
tests and increasing them if necessary will provide valuable 
contributions to the clinic in contact tracing, treatment 
initiation, follow-up and treatment termination in terms of 
public health.
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