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Abstract: Coronavirus disease 2019, abbreviated to COVID-19, is an emerging global pandemic 

caused by severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2). As the number of 

individuals infected with COVID-19 continues to rise globally and healthcare systems become 

increasingly stressed, it is clear that the clinical laboratory will play an essential role in this crisis, 

contributing to patient screening, diagnosis, monitoring/treatment, as well as epidemiologic 

recovery/surveillance. This review article aims to organize relevant available information on 

laboratory screening, testing protocols, diagnosis, and other general information on covid-19 for 

laboratory professionals. 
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Introduction 

At the end of 2019, The World Health Organization (WHO) and China were alerted by a rise in the 

number of patients with pneumonia of unknown etiology in Wuhan City, China caused by an 

unidentified causative agent. On January 9, 2020, the Chinese Center for Disease Control and 

Prevention (Chinese CDC) declared the identification of a novel Coronavirus [1]. A few days later, it 

was reported that this novel type of coronavirus, termed by the WHO as “novel coronavirus-2019” 

(SARSCoV-2), was responsible for the outbreak [2]. It was noted that some parts of the genome 

sequence of SARS-CoV-2 were identical to those of two other coronavirus strains, namely, Severe 

Acute Respiratory Syndrome Coronavirus (SARS-CoV) (approximately 79% homology) and Middle 

East Respiratory Syndrome Coronavirus (MERS-CoV) (approximately 50% homology) [3, 4]. The 

current outbreak occurred after two outbreaks of SARS-CoV and one outbreak of MERS-CoV. The 

first two outbreaks occurred in 2002 and 2003 in the Guangdong region of China and were caused by 

the viral pathogen SARS-CoV [5,6]. The third outbreak, which occurred in the Middle East, was 

caused by the microbial pathogen MERS-CoV and led to a respiratory illness epidemic [7]. 

 

Coronavirus is member of the family Coronaviridae and subfamily Coronavirinae, which consists of 

four genera: Alphacoronavirus, Betacoronavirus, Gammacoronavirus, and Deltacoronavirus [8]. 

These four genera were created based on genomic construction and phylogenetic relationships [9]. 

The SARS-CoV-2 belongs to the Betacoronavirus genus. Zhou et al. [10] suggested that this viral 

outbreak has probably originated from bats. However, investigators have confirmed human-to-

human transmission of this virus. According to recent information, SARS-CoV-2 has spread to 

different countries, including Thailand, Japan, Hong Kong, Singapore, South Korea, Taiwan, Macau, 

Malaysia, Australia, France, Italy, Vietnam, Nepal, India, Canada, and the United States. 

 

As such, the current outbreak of SARS-CoV-2 is considered a medical crisis and has been declared 

as a pandemic by the WHO. This  review article  describes several aspects of role of laboratory 
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medicine in diagnosis of this infection including currently available diagnostic assays serological 

testing, pre-analytical and analytical testing issues,covid-19 detection in different clinical specimens 

and biosafety guidelines. 

 

Incubation Period of the Virus 
It is essential to understand the incubation period of a viral pathogen. In general, human coronavirus 

has an incubation period of approximately 4 days (range, 2-4 days). This incubation period was 

noted for the human coronavirus that can cause SARS [11]. The incubation period calculated for 

SARS-CoV was 4-6 days [12]. It has been noted that the incubation period of SARS-CoV-2 is 3-6 

days, with the maximum being 14 days [13-15]. 

 

Clinical Features 

On infection with human coronavirus, patients may exhibit signs and symptoms of upper respiratory 

tract infection, such as sore throat and rhinorrhea. However, clinical signs of SARS-CoV-2 infection 

include low-to-high fever, non-productive cough, myalgia, dyspnea, fatigue, standard or decreased 

leukocyte counts, and confirmed evidence of pneumonia on chest radiography. Among 138 

hospitalized patients, the most common general symptoms at disease onset included fever (98.6%), 

dry cough (59.4%), fatigue (69.6%), dyspnea (31.2%), and myalgia (34.8%). Less common 

symptoms of SARS-CoV-2 infection include headache, abdominal pain, dizziness, nausea, vomiting, 

and diarrhea. In another study of 41 cases, Hui et al [16] reported several symptoms, including fever 

(> 90%), dry cough (80%), shortness of breath (20%), respiratory distress (15%), and fatigue. The 

researchers found that the hallmark signs and symptoms of this disease were stable in the majority of 

cases. However, investigators detected lymphopenia and leukopenia in these patients. 

 

Diagnostic Testing of Covid-19 
Laboratory medicine plays an essential role for diagnosing and managing many human pathologies 

[17] thus including infectious diseases and COVID-19 [18]. The diagnostic accuracy of (real time) 

reverse transcription polymerase chain reaction (rRT-PCR) this technique shall be considered a 

foremost prerequisite as currently it is the most widely used test [19-21]. 

 

 

Figure 1. Role of Laboratory Medicine in Covid-19 Pandemic17 
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Patient Screening 

According to the World Health Organization (WHO) guide for global surveillance for COVID-19 

caused by human infection with COVID-19 virus, [22] a suspect case is defined as: 

 

 A patient with acute respiratory illness (fever and at least one sign/symptom of respiratory 

disease, e.g., cough, shortness of breath), and a history of travel to or residence in a location 

reporting community transmission of COVID-19 disease during the 14 days prior to symptom 

onset; OR 

 

 A patient with any acute respiratory illness and having been in contact with a confirmed or 

probable COVID-19 case (see definition of contact) in the last 14 days prior to symptom 

onset; OR 

 

 A patient with severe acute respiratory illness (fever and at least one sign/symptom of respiratory 

disease, e.g., cough, shortness of breath; and requiring hospitalization) and in the absence of an 

alternative diagnosis that fully explains the clinical presentation. 

 

A probable case is defined as: 

 A suspect case for whom testing for the COVID-19 virus is inconclusive; OR 

 

 A suspect case for whom testing could not be performed for any reason. 

 

A confirmed case is defined as: 
A person with laboratory confirmation of COVID-19 infection, irrespective of clinical signs and 

symptoms.  

 

Diagnostic Testing: Analytical and Clinical Aspects 

Upon confirmation of a suspected case, specimens should be rapidly collected and tested. The 

Centers for Disease Control and Prevention (CDC) Interim Guidelines for Collecting, Handling, and 

Testing Clinical Specimens from Persons for Coronavirus Disease 2019 (updated April 8th) [23] 

recommends collecting an upper respiratory specimen for initial diagnostic testing.  

 

The following specimens can be collected for swab-based testing: Nasopharyngeal specimen 

(preferred), Oropharyngeal specimen, Nasal mid-turbinate specimen and Anterior nares specimen. 

Lower respiratory tract specimen testing is also recommended by the CDC, if the specimens are 

available. 

 

Nucleic Acid Amplification Tests (NAAT) 

Real-time reverse transcription polymerase chain reaction (rRT-PCR) is the current gold standard for 

diagnosing suspected cases of COVID-19. rRT-PCR is a nucleic acid amplification test (NAAT) that 

detects unique sequences of the virus that causes COVID-19 (SARS-CoV-2) in respiratory tract 

specimens. The N, E, S, and RdRP are the viral genes currently targeted (WHO, Laboratory testing 

for coronavirus disease (COVID-19) in suspected human cases) [24].  

 

A validated diagnostic workflow for detecting SARS-CoV-2 has been recently published by Corman 

and colleagues [25] as follows: (a) First line screening: E gene, (b) Confirmatory screening: RdRP 

gene, and (c) Additional confirmatory screening: N gene. 

 

Table 1 presents criteria for a case to be considered as laboratory-confirmed by validated NAAT 

assays according to the WHO [24]: 

 

 

https://apps.who.int/iris/handle/10665/331506
https://apps.who.int/iris/handle/10665/331506
https://www.cdc.gov/coronavirus/2019-nCoV/lab/guidelines-clinical-specimens.html
https://www.cdc.gov/coronavirus/2019-nCoV/lab/guidelines-clinical-specimens.html
https://www.who.int/emergencies/diseases/novel-coronavirus-2019/technical-guidance/laboratory-guidance
https://www.who.int/emergencies/diseases/novel-coronavirus-2019/technical-guidance/laboratory-guidance
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Table 1. WHO criteria for a case to be considered as laboratory-confirmed by validated NAAT 

assays [24] 

Case Location Confirmation Criteria 

Area with known COVID-19 virus 

circulation 

 A positive NAAT result for a single discriminatory 

target in the SARS-CoV-2 genome 

Area with no known COVID-19 

virus circulation 

 A positive result for at least two different targets, 

one of which is specific for the SARS-CoV-2 virus 

(preferably). 

 A positive NAAT result for betacoronavirus and 

identification of the SARS-CoV-2 virus by partial 

or whole genome sequencing (note: sequence target 

must be larger or different from the assay amplicon 

used). 
 

In some cases, a negative result may be returned for a suspected case with a high likelihood of 

COVID-19 infection. If the negative result was concluded based on only an upper respiratory tract 

specimen, a lower respiratory tract specimen should be subsequently tested. Additional specimens 

eligible for testing include blood and stool (WHO, Laboratory testing for coronavirus disease 

(COVID-19) in suspected human cases) [25]. 

 

Currently Available Diagnostic Assays 

Several in-house and commercial assays are currently being developed and optimized. Links to 

currently available in-house protocols can be accessed here via the World Health Organization. 

Countries who have no testing capacity or national COVID-19 laboratories with limited experience 

on COVID-19 testing are encouraged to send the first five positives and the first ten negative 

COVID-19 samples to WHO reference laboratories providing confirmatory testing for COVID-19 

[26-29]. Additionally, the WHO also released a Laboratory Assessment Tool (LAT) which is 

designed to assess the capacity of existing laboratories which aim to implement COVID-19 testing. 

 

Pre-Analytical and Analytical Testing Issues 
There are various pre-analytical and analytical issues that can affect diagnostic testing for COVID-19 

infection. Some pre-analytical issues include improper collection, handling, transport and usage of 

swabs, as well as collection of inappropriate or inadequate material, interfering substances, and 

sample contamination. A common analytical issue is testing outside of the diagnostic window, in 

addition to active viral recombination and inadequately validated assays [30]. 

 

 
Figure 2. Various pre-analytical and analytical issues that can affect diagnostic testing for 

COVID-19 infection [30]. 

https://www.who.int/emergencies/diseases/novel-coronavirus-2019/technical-guidance/laboratory-guidance
https://www.who.int/emergencies/diseases/novel-coronavirus-2019/technical-guidance/laboratory-guidance
https://www.who.int/docs/default-source/coronaviruse/whoinhouseassays.pdf?sfvrsn=de3a76aa_2
https://www.who.int/docs/default-source/coronaviruse/who-reference-laboratories-providing-confirmatory-testing-for-covid-19.pdf?sfvrsn=a03a01e6_4
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Serological Testing 

There has been much debate regarding the current value of serological testing in COVID-19 

diagnosis and monitoring. Serologic based tests are not currently recommended by the CDC, NHS or 

other health organizations.  There is general concern regarding their use in the acute phase of 

infection as they detect infection too late in the course of illness (usually more than 7-10 days), they 

also may cross-react with serologic responses to seasonal coronaviruses and the rate and kinetics of 

serological response has not been clearly defined so far. However, there is anticipated value in using 

improved serological testing in the future for public and occupational health monitoring and 

assessment. 

 

Biosafety Guidelines for the Clinical Laboratory 

It is of the utmost importance that proper biosafety guidelines are followed by clinical laboratories 

when handling samples from suspected COVID-19 patients. Interim guidelines from the World 

Health Organization on laboratory biosafety guidance related to coronavirus disease were updated 

on March 19th, 2020. Excerpted highlights include: 

 

 All procedures must be performed based on risk assessment and only by personnel with 

demonstrated capability, in strict observance of any relevant protocols at all times 

 

 Initial processing (before inactivation) of all specimens should take place in a validated 

biological safety cabinet (BSC) or primary containment device 

 

 Non-propagative diagnostic laboratory work (for example, sequencing, nucleic acid amplification 

test [NAAT]) should be conducted at a facility using procedures equivalent to Biosafety Level 2 

(BSL-2) 

 

 Propagative work (for example, virus culture, isolation or neutralization assays) should be 

conducted at a containment laboratory with inward directional airflow (BSL-3) 

 

 Appropriate disinfectants with proven activity against enveloped viruses should be used (for 

example, hypochlorite [bleach], alcohol, hydrogen peroxide, quaternary ammonium compounds, 

and phenolic compounds) 

 

 Patient specimens from suspected or confirmed cases should be transported as UN3373, 

“Biological Substance Category B” 

 

Efficacy of Masking  

The efficacy and necessity of surgical grade or N95 masks in the clinical laboratory and the general 

public has not been well defined. In a recent paper in Nature Medicine by Leung and colleagues 

[31], surgical face masks were shown to significantly reduce the detection of influenza virus RNA in 

respiratory droplets and coronavirus RNA in aerosols, with a trend toward reduced detection of 

coronavirus RNA in respiratory droplets. In light of increasing evidence towards the efficacy of 

masking, the WHO has reversed its initial recommendation and now supports government initiatives 

that require or encourage the public wearing of masks, marking a major shift. The CDC has also 

encouraged general masking, highlighting the importance of masking for all healthcare 

workers whether patient-facing or not. 

 

COVID-19 Detection in Different Clinical Specimens  

An important consideration in biosafety is the detectability of COVID-19 in clinical specimens. 

A recent JAMA [32] article investigated biodistribution among different clinical specimens of 

inpatients with COVID-19. Study findings are summarized below: 

https://www.who.int/publications-detail/laboratory-biosafety-guidance-related-to-coronavirus-disease-2019-(covid-19)
https://go.nature.com/2wZwoxk
https://go.nature.com/2wZwoxk
https://jamanetwork.com/journals/jama/article-abstract/2762997
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Figure 3. Bio-distribution among different clinical specimens of inpatients with COVID-19 

 

COVID-19 Detection in Domestic Animals 

A recent publication in Science [33] investigated the susceptibility of domestic animals, including 

dogs, cats, chickens, pigs, and ducks. Their findings demonstrated that cats are susceptible to 

airborne infection while COVID-19 replicates poorly in dogs, pigs, chickens, and dogs. Healthcare 

workers should keep this in mind when interacting with domestic pets. 

 

Conclusions 

The COVID-19 pandemic is spreading across the globe at an alarming rate. It has caused more 

infections and deaths as compared with SARS or MERS. Based on R0 values, it is deemed that 

SARS-CoV-2 is more infectious than SARS or MERS. Elderly and immunocompromised patients 

are at the greatest risk of fatality. The rapid spread of disease warrants intense surveillance and 

isolation protocols to prevent further transmission. No confirmed medication or vaccine has been 

developed. Current treatment strategies are aimed at symptomatic care and oxygen therapy. 

Prophylactic vaccination is required for the future prevention of COV-related epidemic or pandemic. 
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