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Abstract
Background: Ad equ ate know ledge of r eal tim e Rever se Tr anscr iptase-Polymerase Chain Reaction (rRT-PCR) is critical for accurate implementation of the assay, interpretation of results and reporting. This mini-review describes the principles, procedures, and level of development of rRT-PCR assays
for the control of the COVID-19 pandemic.
Methods: A n ar r ative r eview w as car r ied out to descr ibe th e pr inciples of r RT-PCR, provide
an update on the landscape of rRT-PCR protocols and elucidate the process control involved in preanalytical, analytical and post-analytical stages of COVID-19 testing .
Review Findings: Th e r RT-PCR is currently considered to be the acceptable standard for confirming
COVID-19 diagnosis based on SARS-CoV-2 RNA detection via conversion to cDNA and amplification of
target genes in real time using sequence specific TaqMan® probes. Available evidence indicates that different rRT-PCR protocols varying in number and type of target genes within SARS-CoV-2 genome are
currently available for validation and emergency use approval (EUA) in pandemic countries. A total of 1 –
3 target genes, comprising the ORF1a, ORF1b, RNA dependent RNA polymerase (RdRp), Nucleoplasid
protein gene (N), Spike glycoprotein gene (S) and Envelope protein gene (E) are detected by these protocols.
Conclusion: r RT-PCR remains the most sensitive method for confirming, monitoring and managing
COVID-19 disease in the ongoing pandemic in all affected countries. The need for validation of every rRTPCR protocol prior to deployment for COVID-19 testing and research into the development of alternative
testing protocols are strongly recommended
Keywords: COVID -19, rRT-PCR, SARS-CoV-2, biological samples, target genes
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1.0 INTRODUCTION

domain within the nucleoprotein. Hong Kong uses three
targets of ORF1b, nsp14 and N gene and Japan targeted
multiple genes and spike protein [8]. In this mini-review,
the principles behind the test, the components needed for
the testing, samples for COVID-19 diagnosis, advantages
and limitations of the test are discussed.

Real-time reverse transcriptase polymerase chain
reaction (rRT-PCR) is a form of PCR that is presently
used to detect the presence of Severe acute respiratory
syndrome coronavirus 2, (SARS-CoV-2), the causative
agent of Coronavirus Disease 2019 (COVID-19) in human
specimens such as oro-pharyngeal, nasopharyngeal,
bronchoalveolar lavage (BAL) and bronchial washings,
stool and sputum sample of infected patients [1]. The
SARS-CoV-2 is a novel positive sense single stranded
enveloped RNA virus first reported on January 7, 2020 in
Wuhan, Hubei province China [2]. It is an RNA virus that
survives and multiply in the infiltrated cells of its prey
and uses its genetic code to arrange the cell of this victim
so that it can be producing the coronavirus [3]. It is
transmitted from human to human through respiratory
droplets produced from coughs or sneezes. When it
enters the human cell, it usually binds to the angiotensinconverting enzyme 2 receptor and causes mild to fatal
disease conditions in humans [4]. This devastating
adverse disease state warrants the need for prompt
diagnosis to track down the virus and treat the victims.
After the confirmation of the SARS-CoV-2 infection in
China, humans have been the vehicle of transmission of
infection because of international travels and this SARSCoV-2 infection has affected every continent. The virus is
very minute, therefore there is a need for accurate
detection and isolation of patients for case management.
The ideal molecular biology technique should amplify the
SARS-CoV-2 RNA via reverse transcription, producing
several copies making it possible for the identification of
genes of interest, hence the choice of rRT-PCR [5].

2.0 PRINCIPLE OF THE rRT-PCR TEST
The genomic RNA is reverse transcribed to
complementary DNA (cDNA) in the presence of a reverse
transcriptase. The resulting cDNA then serves as a
template for the amplification of gene target. This is
based on the chemistry of PCR with the addition of a
fluorescent probe for the detection of amplified product
all at the same time [9]. There are several platforms e.g
Taqman® OpenArray®, Dynamic Array™, or SmartChip
by different manufacturers for this procedure, in which
the nuclei acid amplification and the detection steps are
all performed in the same closed vessel. When the
primer and probe anneal to their respective loci prior to
amplification of their target gene, the fluorescent
reporter dye becomes excited and transfers fluorescent
light by a mechanism called fluorescence resonance
energy transfer (FRET) which is absorbed by the
quencher dye at a specific distance from the reporter in
the TaqMan probe [10]. This light is eventually emitted
as a fluorescence at specific wavelength during
amplification due to the 5’-3’ exonuclease activity of the
DNA polymerase. The intensity of fluorescence increases
with amplification cycles and is directly proportional to
the amount (or number of copies) of the target gene [5].
The cycle number at which the fluorescence intensity will
be seen to be more than the background fluorescence and
this is called the cycle threshold (Ct). The higher the
concentration of the SARS-CoV-2 (E, N, S, Orf1a& Orf1a)
cDNA, the higher the amplification fluorescens signal
and the lower the Ct value as demonstrated in Figure 1.

The rRT-PCR is the choice nucleic acid amplification
technique for prompt detection of the SARS-CoV-2 virus.
The SARS-CoV-2 as an RNA virus will need to be reverse
or transcribe to a DNA since DNA is the only genetic
material that can be amplified into many copies and
detected in the presence of an excited fluorophore
emitting fluorescence. The rRT-PCR is highly sensitive
and specific and an average testing time is approximately
between 3 to 4 hours including RNA extraction. The rRTPCR has an advantage over other methods such as
culturing which is more laborious, prone to
contamination and time-wasting [6, 7]. For this COVID19 pandemic, different genes are targeted within the RNA
genome of SARS-COV-2 and are explored by various
countries for the isolation of SARS-CoV-2. China targets
the ORF1ab and Nucleoprotein (N), Germany is using
two markers, E gene from the virus envelope and the
RdRP gene encoding the RNA dependent RNA
polymerase marker, France uses two domains within
RdRP and the United State of America target the three-

3.0 THE LEVEL OF DEVELOPMENT OF rRT-PCR
FOR SARS-COV-2 DETECTION IN BIOLOGICAL
SAMPLES
Following the availability of whole genome sequence data
of the Wuhan SARS-CoV-2 strains, several rRT-PCR
assays have been developed by various manufacturers as
in vitro diagnostics (IVDs) in response to COVID-19
pandemic for disease prevention and control. The
manufacturers of these are also partnering with the
Foundation for Innovative New Diagnostics (FIND) for
validation, documentation and dissemination of
validation reports of their IVDs. Some of the IVDs have
been granted emergency use authorization (EUA)
approval in different COVID-19 pandemic countries.
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Some of the platform popularly used for COVID-19
diagnosis can be found on the FIND website
(www.finddx.org/covid-19/sarscov2-eval-molecular/
molecular-eval-results) [11], as represented in Table 1.
All the platform used the same principles but what varies
is the type of detection wavelength, the number of
samples that can go in a run, the nucleic acid probe, the
total reaction volume, the excitation, and the cycling
condition [11]. The rRT-PCR always measure the target
continuously at each cycle of the reaction in real-time as
it is analyzing not at the end of the reaction. This
complete cycle of the reaction is when the SARS-CoV-2
amplification is first detected.

specimens the most preferable specimens for COVID-19
testing in many countries of the world [12, 13]. Eligibility
for sample collection for COVID-19 testing at the
beginning of the pandemic was based on epidemiological
history (e.g. travel from pandemic countries such as
China, USA, Germany, UK etc) and display of clinical
symptoms such as fever, cough, fatigue, body pain and
anosmia by a suspected person. Such a person is called
person under investigation (PUI) [14], in addition
community case transmission (CCT) was defined as
person with cough and/or fever (or history of fever in the
last 2 weeks with 1 or more of these symptoms
Shivering /shaking (chills), Body pain, Headache, Sore
throat, Recent loss of taste or smell, Difficulty in
breathing/shortness of breath, Diarrhea/abdominal pain,
Runny nose/catarrh and Fatigue (tiredness) by Nigeria
Centre for Disease Control and prevention (NCDC) [15].
Sample collection plays an integral role in the diagnosis
because the quality of samples collected determines the
quality RNA isolated for rRT-PCR in terms of yield and
stability [14]. Quality biological samples from PUI and
CCT for COVID-19 diagnosis are ensured by collection of
samples with more viable cellular component using
appropriate viral transport medium under cold chain,
and with good laboratory practice in handling and
storage [16]. The latter is usually done at -800C prior to
RNA isolation [16]. To improve isolation of SARS-CoV-2
genomic RNA for COVID-19 diagnosis from PUI and
CCT, the use of a combination of nasopharyngeal and
oropharyngeal swabs collected in the same tube has been

4.0 THE BIOLOGICAL SAMPLES FOR COVID-19
TESTING
The biological samples for COVID-19 testing in various
countries are based on the national guidelines in line
with WHO recommendations. The biological samples
include specimens from the lower respiratory tract
(bronchoalveolar lavage (BAL), tracheal aspirate, and
sputum) and specimens from the upper respiratory tract
(e.g. nasal swab, oropharyngeal swab, nasopharyngeal
swab and throat swab). Although, the lower respiratory
tract specimens elicit higher sensitivity for COVID-19
diagnosis, sample collection is challenging because of the
invasive procedure required for their collection by
bronchoscopy (i.e. BAL and tracheal aspirates) and less
frequent production of sputum by infected patients [1].
This has made oropharyngeal and nasopharyngeal
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Table 1. Platforms for COVID-19 Testing and Evaluation Results by Foundation for Innovative New Diagnostics (FIND)
Company

PCR platform

Gene
target

Verified
LOD
(copies /
reaction)

Avg Ct
(lowest
dilution
10/10)

Clinical
sensitivity
(50 positives)

Clinical
sensitivity
(50 positives)

Product
No.

Product
Name

Supplier
recommended Ct
cut-off

EUROIMMUN

Light Cycler 480 II

ORF1ab/
N

1-10

37.88

100%
(95%CI: 93,
100)

98%*
(95%CI: 93,
99)

MP 2606
-0425

EURORealTime
SARS-CoV-2

Any signal
considered
positive

GeneFirst
Limited

BioRad
CFX96
deep well

ORF1

1–10

35.45

100%
(95%CI: 93,
100)

99%*
(95%CI: 95,
100)

MPACOVID19

N

1–10

36.72

98% (95%CI:
90, 100)

100% (95%
CI: 96, 100)

The Novel
Coronavirus
(2019- nCoV)
Nucleic Acid
Test Kit

≤37.0 positive;
37-40 indeterminate;
>40 negative

S

1-10

37.94

100%
(95%CI: 93,
100)

100%
(95%CI: 96,
100)

RV008

RADI COVID
-19 Detection
Kit

≤40

RdRP

10–50

36.74

100%
(95%CI: 93,
100)

100%
(95%CI: 96,
100

KH Medical
Co. Ltd

BioRad
CFX96
deep well

Primerdesign Ltd

LightCycler 480

RdRP

1–10

36.7

100%
(95%CI: 93,
100)

100%
(95%CI: 96,
100)

Z-PathCOVID19-CE

Coronavirus
COVID-19
genesig®
Real-Time
PCR assay

Any signal
regarded as
positive

RBiopharm
AG

BioRad
CFX96
deep well

E

1–10

37.99

100% (95%
CI: 93, 100

100% (95%
CI: 96, 100)

PG6815R
UO

RIDA®GENE
SARS-CoV-2
RUO

SD Biosensor Inc.

Roche
LightCycler 480

E

1-10

37.43

100%
(95%CI: 93,
100)

97%*
(95%CI: 92,
99)

NCOV-01

ORF1

1-10

36.99

100%
(95%CI: 93,
100)

99%*
(95%CI: 95,
100)

STANDARD
M nCoV Real
-Time Detection Kit

None;
any signal
can be considered positive
≤41

E

1-10

33.3

100%
(95%CI: 93,
100)

100%
(95%CI: 96,
100)

Allplex™
2019-nCoV
Assay

≤40

N

1-10

36.74

100%
(95%CI: 93,
100)

00%
(95%CI: 96,
100)

RP10244
Y
RP10243
X

RdRP

1-10

34.73

100%
(95%CI: 93,
100)

100%
(95%CI: 96,
100)

E

1-10

33.34

100%
(95%CI: 93,
100)

100%
(95%CI: 96,
100)

53-077696
6754155
001

ModularDx
Kit SARSCoV
(COVID19) E
-gene (Tib
Molbiol) +
LightCycler
Multiplex
RNA Virus
Master
(Roche)

Define the
cut-off 2–4
cycles higher
than observed Cp
value for
10 copies

Seegene
Inc.

Tib Molbiol

BioRad
CFX96

Roche
LightCycler 480

* Further investigation needed to determine if apparent false positives are truly false positives or whether they are due to a false negative reference standard result. Adopted from FIND website: www.finddx.org/covid-19/sarscov2-eval-molecular/molecular-eval-results/ last updated:
15 May, 2020.
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recommended coupled with repeated testing using
different or the same type of biological samples at 1 – 3
day intervals from a suspected person [8, 17-19]. This has
been attributed to limited knowledge regarding
appropriate time for SARS-CoV-2 virus detection in
biological samples and the fact that that samples collected
too early or too late may give false negative results [18,
19]. In Quality management system (QMS) perspective,
the quality control of COVID-19 testing using the
recommended biological samples is referred to as process
control. This is divided into three stages: the preanalytical stage, the analytical stage, and the postanalytical stage. Performing all the activities in all the
stages with the existing standard guidelines is pertinent
for good results for patient’s management [18]. This also
entails appropriate selection of test subjects, biological
specimens, transport media, diagnostic methods (i.e. rRT
-PCR), interpretation of test results and biosafety [18,
20].

The collection and transportation of biological specimens
for COVID-19 testing are usually done in a Viral
Transport Medium (VTM) or Amies transport medium to
preserve viability of SARS-CoV-2 infected cells and also
for the safety of the health workers as well as averting
community transmission. Other improvised VTM being
used by laboratories include normal saline and phosphate
buffered saline (PBS). However, using these improvised
transport media require that such samples are stored at 2
-8 °C for a very short (< 24 h) period before processing
[14]. Sample collected from a suspected case of COVID-19
must be package in triple layers and must follow the
principles of transportation of biologicals in category B
[14]. Apart from the upper and lower respiratory tract
samples, other biological samples collected from
suspected patients dead or alive for COVID-19
confirmatory test, routine and antibody testing include
whole blood, urine, stool and biopsy samples (Table 2).

Table 2. Specim en Type, Co llectio n Mater ial and Stor age an d Tr an spo r tatio n Co n dition
Serial
No.

Type of Specimen

Specimen container

Storage temperature
until
testing in-country
laboratory

Recommended temperature
for shipment according to
expected shipment time

1

Nasopharyngeal and
Oropharyngeal swab

Dacron or polyester
flocked
swabs*

2-8 °C

2-8 °C if ≤5 days
–70 °C (dry ice) if >5 days

2

Bronchoalveolar
lavage

Sterile container*

2-8 °C

2-8 °C if ≤2 days
–70 °C (dry ice) if >2 days

3

(Endo)tracheal aspirate,
nasopharyngeal or
nasal
wash/aspirate

Sterile container*

2-8 °C

2-8 °C if ≤2 days
–70 °C (dry ice) if >2 days

4

Sputum

Sterile container

2-8 °C

5

Tissue from biopsy
or autopsy
including from lung.

Sterile container with
saline or
VTM.

2-8 °C

2-8 °C if ≤2 days
–70 °C (dry ice) if >2 days
2-8 °C if ≤24 hours
–70 °C (dry ice) if >24 hours

6

Serum

Serum separator tubes
(adults:
collect 3-5 ml whole
blood).

2-8 °C

2-8 °C if ≤5 days
–70 °C (dry ice) if >5 days

7

Whole blood

Blood collection tube

2-8 °C

8

Stool

Stool container

2-8 °C

9

Urine

Urine collection container

2-8 °C

2-8 °C if ≤5 days
–70 °C (dry ice) if >5 days
2-8 °C if ≤5 days
–70 °C (dry ice) if >5 days
2-8 °C if ≤5 days
–70 °C (dry ice) if >5 days

* For transport of samples for viral detection, use viral transport medium (VTM) containing antifungal and antibiotic supplements.
Avoid repeated freezing and thawing of specimens. If VTM is not available sterile saline may be used instead (in which case,
duration of sample storage at 2-8 °C may be different from what is indicated above).
Adopted from /www.google.com/search?client=firefox-b-d&q=FIND+samples+and+storage+for+COVID-19
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5.0 BIOSAFETY REQUIREMENTS FOR COVID-19
TESTING

degradation of the carrier RNA and loss of signal of the
internal control during amplification [22, 23].

Frontline health workers collecting, handling, processing
and conducting screening, confirmatory and routine tests
for COVID-19 diagnosis from biological samples collected
from suspected subjects must observe standard and
transmission-based precautions. The precautionary
measures include wearing of a complete Personal
Protective Equipment (PPE), comprising long gown, head
cover, recommended shoe, medical face mask with N95
respirator, face shield or compact goggles for eye
protection, gloves and scrub suits [8]. Importantly the
analytical procedures must be carried out in a class II
biosafety cabinet or above. These procedures include
aliquoting and inactivation of biological specimens,
vortexing and heating of biological specimens in lysis
buffer, spinning and heating of spin columns for elution of
extracted RNA [7, 14]. After completion of RNA isolation,
all infectious waste should be disposed according to
environmental waste management guideline for COVID19 waste in every country, including Nigeria. The donned
PPEs should be duffed carefully to avoid contamination of
the body and hands of the health worker. The hands must
be washed before and after contact with suspected
patients and after removal of the PPEs. Hands should be
washed with soap and water, followed by the use of hand
sanitizer before leaving the laboratory.

7.0 REAL TIME RT-PCR PROCESS IN COVID -19
TESTING
Real time RT-PCR is currently the most reliable method
for confirming every COVID-19 case using respiratory
samples in all countries experiencing COVID-19 outbreaks
and surge in the number of cases as recommended by
WHO. This stage of diagnosis entails the conversion of the
isolated RNA to complimentary DNA (cDNA) in a reaction
catalyzed by reverse transcriptase, followed by the amplification of the cDNA by DNA polymerase using sequence
specific primers and probes. The rRT-PCR recommended
for COVID-19 case confirmation is a one-step reaction in
which both reverse transcriptase and DNA polymerase
reactions occur in the same reaction tube. Resources of
rRT-PCR include the availability of the whole genome sequences of SARS-CoV-2 index case in Wuhan, China
(NC_045512) [24] and other countries, available freely in
NCBI GenBank (https://www.ncbi.nlm.nih.gov/sars-cov2/) and The Global Initiative on Sharing avian Influenza
Data
(GISAID)
(https://www.gisaid.org/epifluapplications/next-hcov-19-app/) databases. Primers and
probes are designed based on the genome sequence map
of a SAR-CoV-2 strain for a country (Figure 2) or by those
provided by WHO and CDC (https://www.cdc.gov/
coronavirus/2019-ncov/lab/rt-pcr-panel-primerprobes.html) [25]. (Table 3). Primers are designed using
in silico primer designing algorithms such as Primer3
(http://primer3.wi.mit.edu) [26], and NCBI Primer blast
[27]. The designed primers should also be optimized in
silico using platforms at idtdna (https://sg.idtdna.com/
pages/tools/oligoanalyzer) and genomeucsc.edu (https://
genome.ucsc.edu/cgi-bin/hgPcr) [28] before their wet
laboratory optimization. Generally, both the preformulated IVDs kits produced by different manufacturers
for COVID-19 case confirmation (Table 1) and in-house
rRT-PCR protocols recommended by CDC target 1- 3
genes within the SARS-CoV-2 genome (Table 1, Figure 2).
A typical monoplex rRT-PCR reaction consists of forward
and reverse primers of a target gene, a TaqMan® probe, a
one-step enzyme mix consisting of a reverse transcriptase
(and a DNA polymerase a reaction mix, containing oligo
dT, dNTPs and Magnesium in Tris buffer (pH 8.0), an
RNase free water and the isolated RNA as template. These
components of rRT-PCR are added in appropriate concentrations as shown in Table 4. The primers and probes are
usually synthesized by various manufacturers. The synthesized primers and probes are supplied to qualified laboratories in lyophilized form in labelled air-tight capped
tubes.

6.0 RNA EXTRACTION
The extraction of the RNA from any of the biological samples for COVID-19 diagnosis first involves inactivation of
the sample. The best method to inactivate the SARS-CoV2 is using a chemical method. Here, a lysis buffer with viral inactivation property is used together with proteinase
K. The most common ones are guanidinium and Triton X100, guanidinium isothiocyanate or guanidinium thiocyanate [21]. The principle of their action is to eliminate the
virus infectivity, denature and disrupt proteins and envelope of SARS-CoV-2. The possibility of viral RNA degradation during sample inactivation is reduced by regulating
the time of lysis, which is usually between 10 – 20
minutes with biological samples and lysis buffer often
mixed in volume ratio 1: 1. At the completion of lysis, ethanol added to achieve complete inactivation of the virus.
For rapid COVID-19 testing, RNA extraction kits from
various manufacturers in different countries is made
available for use. These kits also contain internal control
RNA carrier to enhance RNA isolation even at low yield
and silica membrane spin column for SAR-CoV-2 RNA
binding followed by washing and elution. It is important
to note that the carrier RNA should not be added directly
to the sample but to lysis solution. This is to prevent the
91
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Figure 2. A Gen o m e Map o f SARS-CoV-2 Obtained from the Whole Genome Sequence of an Index Case Strain in South Korea,
Showing the Location of the Designed Primers (including CDC designed primers) for the Detection of Specific SARS-CoV-2 Target
Genes by rRT-PCR Assays [29]
Table 3. A List o f Reco m m en ded Prim er s an d Pro bes fo r the Detectio n o f SARS-Cov-2 RNA Detection by Reverse
Transcriptase Real Time PCR
Name

Description

Oligonucleotide Sequence (5’>3’)

Label1

Final
Conc.

2019-nCoV_N1-F

2019-nCoV_N1 Forward Primer

GAC CCC AAA ATC AGC GAA AT

None

500nM

2019-nCoV_N1-R

2019-nCoV_N1 Reverse Primer

TCT GGT TAC TGC CAG TTG AAT CTG

None

500nM

2019-nCoV_N1-P

2019-nCoV_N1 Probe

FAM-ACC CCG CAT TAC GTT TGG TGG ACC-BHQ1

125nM

2019-nCoV_N1-P

2019-nCoV_N1 Probe

2019-nCoV_N2-F

2019-nCoV_N2 Forward Primer

FAM-ACC CCG CAT /ZEN/ TAC GTT TGG TGG ACC3IABkFQ
TTA CAA ACA TTG GCC GCA AA

FAM, BHQ1
FAM, ZEN,
3IABkFQ
None

2019-nCoV_N2-R

2019-nCoV_N2 Reverse Primer

GCG CGA CAT TCC GAA GAA

None

500nM

2019-nCoV_N2-P

2019-nCoV_N2 Probe

FAM-ACA ATT TGC CCC CAG CGC TTC AG-BHQ1

125nM

2019-nCoV_N2-P

2019-nCoV_N2 Probe

FAM-ACA ATT TGC /ZEN/ CCC CAG CGC TTC AG-3IABkF

RdRP-F

RNAse P Forward Primer

AGA TTT GGA CCT GCG AGC G

FAM, BHQ1
FAM, ZEN,
3IABkFQ
None

RdRP -R

RNAse P Reverse Primer

GAG CGG CTG TCT CCA CAA GT

None

500nM

RdRP -P

RNAse P Probe

FAM – TTC TGA CCT GAA GGC TCT GCG CG – BHQ-1

125nM

RdRP -P

RNAse P Probe

FAM-TTC TGA CCT /ZEN/ GAA GGC TCT GCG CG3IABkFQ

FAM, BHQ1
FAM, ZEN,
3IABkFQ

125nM
500nM

125nM
500nM

125nM

*TaqMan® probes are labeled at the 5′-end with the reporter molecule 6-carboxyfluorescein (FAM) and with the quencher, Black Hole Quencher 1
(BHQ-1) (Biosearch Technologies, Inc., Novato, CA) at the 3′-end. TaqMan® probes can also be labeled at the 5′-end with the reporter molecule 6carboxyfluorescein (FAM) and with a double quencher, ZEN™ Internal Quencher positioned between the ninth (9th) and tenth (10th) nucleotide
base in the oligonucleotide sequence and Iowa Black® FQ (3IABkFQ) located at the 3’-end (Integrated DNA Technologies, Coralville, IA) [25]

Table 4. A Mo no plex Reactio n Mix fo r r RT-PCR Reaction and in vitro Amplification
Component
RNase free water
@Reaction

mix (x2)

Volume (ml)

Final concentration

1.5
10.0

x1

*Forward primer (10 mM)

1.0

0.5 mM

*Reverse primer (10 mM)

1.0

0.5 mM

*Probe (10 mM)

0.5

0.25 mM

One step Enzyme Mix (x20)

1.0

x1

RNA Template

5.0

Total reaction Volume

20.0

The reaction mix is expected to contain between 3.5 – 4.0 mM Mg2+ for an effective rRT-PCR; *The primer and TaqMan® probes constituents in the
reaction mix are gene specific.
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Table 5. TaqMan ® Probes Fluorophores Channels with
their Excitation and Emission Wavelengths
Fluorophore
Probe channel*
FAM

Excitation
wavelength,
nm
495

Emission
wavelength,
nm
520

VIC, HEX

530

549

ROX

555

576

Cy5

649

670

for COVID-19 case confirmation include ABI 7500 instrument (Applied biosystems, USA), Light cycler (ROCHE,
USA), Biorad CFX96 (Biorad, USA) and QuantStudio 3
and 5 real time PCR system (Thermo Fisher, USA).
8.0 REAL TIME RT-PCR TEST RESULT INTERPRETATIONS
The design and analysis software of these instruments
generate a threshold line above which a positive gene amplification is observed and this occurs at specific Ct value.
For a positive result, each of the target genes is expected
to produce an S-shaped amplification curve above the
threshold line to suggest a positive test result. Since the
emergence of the current COVID-19 pandemic, several in
-house RT-PCR protocols and commercial RT-PCR IVD
kits have been developed, made available through the
FIND website (www.finddx.org/covid-19/pipeline) and
have received European conformity label-in vitro diagnostics (CE-IVD) or (EUA in many countries. The interpretation of amplification outcome of each target gene is
guided by Ct value, which may vary from one commercial
kit to another. Generally, most kits interpret SARS-CoV-2
target genes with Ct values < 37 is positive and Ct > 38 as
negative. A Ct value between 37 and 38 is regarded as
indeterminate. In many RT-PCR protocols for SARS-CoV
-2 detection, the E gene detection is used as a screening
test, which the detection of one or two genes (e.g. RdRP,
N, ORF1b,ORF1a) is used as a confirmatory test. For a test
to be positive, the screening gene E and targeted one or
two genes of rRT-PCR assay must be positive. In case of a
two -confirmatory gene rRT-PCR platform, an indeterminate or inconclusive test also results when only one of the
2 genes is positive. In these rRT-PCR assays, the housekeeping gene that encoded the RNase P protein is codetected as an internal control to monitor amplification
and also confirm the success of RNA isolation. A test result is negative if only the screening E gene is positive and
the targeted confirmatory gene (s) is negative provided
the negative internal control is negative. A test result with
no internal control gene detection with the screening
gene E is said to be invalid. A test result is also invalid if
the screening test is negative and confirmatory test is
positive (Table 6; Figure 3). However, several commercial
RT-PCR IVD kits for SARS-CoV-2 have their specific results interpretation criteria for COVID-19 case identification. To guide the routine use of these commercial kits, it
is important to verify their performance on gene by gene
basis using in-house rRT-PCR protocol. The guidance for
rRT-PCR performance metrics such as PCR efficiency,
clinical sensitivity, clinical specificity and analytical sensitivity assessment is provided by the chief public health
agency of every country. These agencies include NCDC,

*A dye is usually selected to fluoresce through a window or channel while
detecting a gene target following amplification.

The probes are usually placed inside brown tubes and
should not be exposed to light. Before opening the caps of
the tubes, it is important to pulse spin to prevent loss of
the lyophilized primers and probes. This is done prior
reconstitution with RNase free water to prepare stock
solutions of the supplied primers and probes. The preparation of stock solutions should be done in the dark to
avoid loss of efficiency of fluorophores. For every primer
or probe, stock solution is prepared by adding 10 times
the concentration in nanomoles to prepare a 100 mM
stock solution or according to the specification of the
manufacturer. To avoid repeated thawing and freezing at
every use, the prepared stock solutions are usually diluted
10-fold to 10 mM, which is used as working solutions and
stored at 2-8 0C for routine rRT-PCR reactions (Table 4).
Meanwhile the stock solutions should be stored at -800C
to maintain their stability [16]. The next stage in the rRTPCR workflow is the amplification of primer targeted specific genes of SARS-CoV-2 by PCR and their detection by
appropriate TaqMan® probes. A typical amplification
condition comprises one cycle of reverse transcription
step by the SuperscriptTMIII enzyme at 500C for 10 min,
followed by a hot start step at 950C for 1 – 3 min and finally 40-45 cycles of initial denaturation at 950C for 10
seconds and primer annealing/extension by the Platinum
Taq polymerase at 50 – 55 0C for 30 sec. Each targeted
gene in rRT-PCR is detected by a Taqman® probe based
on fluorescence signal generation and accumulation due
to a fluorophore at a particular wavelength within a set
channel in a real time PCR machine. The different fluorophores used as reporters in TaqMan® include FAM with
an excitation wavelength of 495 nm and emission wavelength of 520 nm; HEX or VIC (530 nm, 549 nm) ROX
(555 nm, 576 nm) and Cy5 (649 nm, 670 nm) (Table 5).
Most probes for rRT-PCR have a common quencher
called the black hole quencher (BHQ) to complete the
probe chemistry and FRET technology prior to 5’-3’ exonuclease activity of Platinum Taq polymerase during amplification. The real time PCR instruments recommended
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Table 6. r RT-PCR Amplification Result Interpretation Scheme
GENE/RESULT

IC

E

RdRP

N

Test result 1

+

+

+

+

Positive

Test result 2

+

+

-

-

Negative

Test result 3
Test result 4

+

+

-

+

Test result 5

+

+

+

Positive*

Test result 6

+

+

-

Indeterminate*

Test result 7

+

+

+

Invalid

-

Orf1a

Orf1b

-

Orf1ab

Remark

Invalid
Indeterminate/Presumptive

*Result interpretation is based on clinically positive samples by symptoms and chest tomography (CT) imaging results (e.g. Ground glass opacity)

IC

IC
Orf1b

Orf1

N

A

B

IC

Orf1b

C
Figure 3. r RT-PCR amplification curves for the detection of RNase P gene and SARS-CoV-2 orf1b and N genes from nasopharyngeal samples of suspected patients. (unpublished data)

A. Negative r esults (Ct value of or f1b = 39); B. Positive Result; C. Indeterminate result (only orf1b gene, Ct
= 35.7; N gene not detected). The RNase P gene represents the internal control (IC)
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Nigeria, Centre for Disease Control and Prevention
(CDC), European Union Centre for Disease Control and
Prevention (EU CDC) among others [30, 31]. Importantly, primer and probe design and optimization must be
placed under a quality assurance system to enable their
monitoring for high level performance and reliability.
Such quality assurance systems include ISO9001 and
ISO13485 [32]. To further ensure quality of result, every
run of the rRT-PCR assay is also performed using positive
control (e.g. live attenuated SARS-CoV-2 suspension with
or without a clone or a synthetic RNA transcript of SARSCoV-2) and a non-template negative control (e.g. RNase
free water).

serological tests [36]. They can be performed using a
broader spectrum of samples, which include respiratory
samples (e.g. nasopharyngeal, oropharyngeal, throat
swab, bronchio alveolar lavage/aspirate, sputum, trachea
aspirates, stool, urine, serum, plasma, whole blood etc)
compared to antibody-based tests (using serum, plasma,
and whole blood only) [37], the detection of SARS-CoV-2
RNA in serum samples of convalescent patients has further provided new information regarding faecal-oral
transmission of SARS-CoV-2 in the current COVID-19
pandemic [35]. The fact that SARS-CoV-2 RNA appears
earlier than antibodies in human biological system makes
it further advantageous for rRT-PCR to be used to monitor the trends in COVID-19 transmission, determine
transmission dynamics, predict transmission surge and
waves of secondary transmission. This is important for
guiding health system preparedness for adequate response to protect public health. The rRT-PCR remains
the most sensitive method for confirming, monitoring
and managing COVID-19 disease in the ongoing pandemic in all affected countries. The need for validation of every rRT-PCR protocol prior to deployment for COVID-19
testing and research into the development of alternative
and rapid diagnostics testing protocols are strongly recommended.

9.0 LIMITATIONS OF RRT-PCR FOR SARS-COV2 TESTING
Although rRT-PCR is currently the most sensitive method
for routine confirmation of COVID-19 infection, it is still
limited by its long turnaround time of 3 – 4 hours even as
a one-step method. It is also limited by the requirement
for more expensive real time PCR system, high cost of the
consumables (e.g. TaqMan® probe, One step enzyme mix,
live attenuated SARS-CoV-2 and clone as positive control) and accessory instruments (e.g PCR hood). The need
for trained laboratory scientists, requirement for constant
electricity supply and regular equipment maintenance
check to maintain the expected high level performance
and reliability of the equipment may be a major challenge
especially in developing countries. The rRT-PCR also require external quality control with a reference laboratory
to determine concordance and discordance of positive
and negative test results. The current rRT-PCR approach
for detecting SARS-CoV-2 nucleic acid in biological samples is qualitative. On this basis, it cannot be used to
quantify SARS-CoV-2 viral particles in biological samples
and culture in permissible cells such as Vero cells. The
performance of rRT-PCR can also be affected by sample
source, timing of sampling, contamination of the consumables, poor handling and storage of biological specimens. Also, Poor handling and storage of isolated RNA
samples, inadequacy of sample or low viral load, erroneous inactivation of samples, previous uptake of antiviral
drugs before testing and poor annealing efficiency of the
primer and probes due to mutations are other limiting
factors [1, 32-35].
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