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Abstract: 

The rapid spread of the SARS-CoV-2 virus and increased number of deaths urged the world to provide 
accurate diagnostic procedures and apply the correct prevention measures to eradicate the disease. 
Molecular assays are designed to test the presence of virus RNA. The assays have wanting accuracy 
represented by false positive and false negative results, in particularly with continuous emerging of SARS-
CoV-2 genetic variability. Miss interpretation of the test results can lead to bad outcomes for both 
individuals and the surrounding community when assuming the test is perfect. This review provides an 
update of the currently available molecular laboratory methods and address the effect of ongoing SARS-
CoV-2 genetic variability on the performance of RT-PCR, the problem of re-positive test result in recovered 
patients and provides elements to be considered for performing SARS-CoV-2 test and interpreting the test 
results. 
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Introduction   

Since late 2019, the world is facing the biggest 
challenge to provide sooner and accurate diagnostic 
procedures, treatments, and apply the correct 
prevention measures to eradicate the disease. Many 
diagnostic techniques for corona SARS-CoV-2 are 
available so far. Molecular assays which directly tests 
for the presence of active viral RNA (Kucirka et al.). 

Although there is a heavy reliance on this type of 
testing for the detection of current infection, 
scientists know that testing of a coronavirus as a new 
emerged disease would carry lots of complications. 
Molecular testing has wanting accuracy represented 
by false positive (FP) and false negative (FN) results. 
A false positive occurs when a test result indicates 
infection, but the person has not actually been 
infected. A false negative occurs when a test result 
indicates no infection, but the person in the reality is 
infected (Manski, 2020). The urgent needs and the 
racing of the scientists to produce more tests for 
detection and identification of the virus to be able to 
implement in local laboratories in short time manner 
during the course of the outbreak, limited 
comprehensive validation and evaluation of the 
developed assays (Pfefferle et al., 2020). Moreover, 
the continuous alteration in the viral genome added 
another problem for the accuracy of the implemented 
assays (Burton et al., 2017, Yu et al., 2020).  

This article provides an overview of different 
types of molecular testing including the recent 
molecular approaches under validation in clinical set 
that have been received particular interest for using 
as point of care purposes, addresses the effect of 
ongoing SARS-CoV-2 genetic variability on 
performance of RT-PCR and the problem of re-
positive test result in recovered patients and 
provides elements to be considered for accurate 
SARS-CoV-2 testing.  

An update on Molecular Diagnostic Testing 
for SARS-CoV-2 

Since the early time of SARS-CoV-2 pandemic, 
two types of molecular tests were employed. Reverse 
transcription polymerase chain reaction (RT-PCR), 
the current gold standard test for covid-19 and the 
loop-mediated isothermal amplification (LAMP), a 
simple but less validated diagnostic method (Arena et 
al., 2021).  Both amplify viral RNA but differ in the 
way of the viral detection. RT-PCR is wide available, 
fast, sensitive and a reliable technique. The technique 
is available as commercial complete kits (i. e. RNA 
extraction and Mastermix) from different companies. 
The assay involves converting the extracted viral 
RNA from the biological sample into DNA (cDNA) 
which then amplifies to a level which allows viral 
detection using designed primers targeting specific 
regions in the viral genome and TaqMan probes with 
the reaction mix in a variety of real time PCR 
machines. These machines allow monitoring 

amplification kinetic directly during the amplification 
run. These can be achieved by demonstrating the 
increase of the florescence emission intensity 
originated from cleavage of the fluorophore quencher 
probe on the amplified DNA when reaching specific 
threshold (Islam and Iqbal, 2020). The number of 
RNA copies amplified by PCR is exponentially 
proportional to the starting amount of viral RNA load 
in the sample and can be estimated via the number of 
PCR cycles required for fluorescent threshold (cycle 
threshold Ct) (Afzal, 2020). Lower Ct value means the 
viral RNA load (the starting material) is high. For 
diagnosis of SARS-CoV-2, it has been recommended 
that a Ct value below 37 (< 37) should be judged as 

clinically positive and Ct value above 40 ( 40) 
should be judged as clinically negative, while Ct 
between 37 and 40 (37 and <40) considered as 
indeterminant and the test required to be repeated 
(Afzal, 2020, Li et al., 2020). Although, the technique 
is highly sensitive and can detect a few copies of viral 
RNA in a range of laboratory samples, it is rather 
highly expensive, needs a well-equipped laboratory 
and well-trained technicians for sampling processing. 
Moreover, the technique takes some time (3- 6hrs) to 
deliver the results thus cannot curb the growing 
corona virus testing demands and serving the waiting 
queues to be tested during pandemic. Therefore, it is 
essential to develop rapid, inexpensive and reliable 
diagnostic methods (Islam and Iqbal, 2020).     

 Loop-mediated Isothermal Amplification 
(LAMP) is a method by which the viral RNA is 
converted into viral DNA and amplified using 4- 6 
designed primers targeting certain regions on the 
viral RNA. The technique can be done in simpler 
equipment, or it can be done without any equipment 
at all and can be conducted at a constant temperature 
usually between 60°C and 65°C thus minimize the 
time reaction to less than half an hour. The results can 
be seen by naked eye as a cloudiness that can be 
enhanced using fluorescent based detection or 
colorimetric based detection such as hydroxynepthol 
blue (HNB) in the reaction mixture prior to 
amplification. The technique is simple and produce 
100-fold higher sensitivity than RT-PCR. The 
technique was further enhanced by combining the 
LAMP with reverse transcription (RT-LAMP) for 
direct detection of SARS-CoV-2 RNA coupled with a 
pH indicator to visualized the colour change in the 
reaction mix or bioluminescent indicator and 
smartphone (Song et al., 2018). RT-LAMP 
successfully detected SARS-COV-2 RNA and showed 
88.89% sensitivity and higher reproducibility than 
RT-PCR technique (Yu et al., 2020). Some RT-LAMP 
based detection kits have received EUA from FDA 
such as the Sherlock TM CRISPR SARS-CoV-2 kit 
developed by sherlock Biosciences, Inc which is 
designed to target ORF1ab, N, and RP genes (Yüce et 
al., 2021). Similarly, Abbott ID NOW COVID-19” test 
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kit for SARS-COV-2 detection using LAMP principles 
has granted FDA emergency use authorization for 
fastest available molecular point-of-care test for 
novel coronavirus. The test could successfully 
preform 50,000 tests per day and the result of each 
sample could be obtained in 5 min (Abbott, 2020).  
Other approaches on the use of LAMP technique are 
reported. An approach carried out by EL-Tholoth et al 
(2020) so called COVID-19 Penn-RAMP strategy that 
combine LAMP and Recombinase Polymerase 
Amplification (RPA) in a single tube. COVID-19 Penn-
RAMP strategy involved two isothermal amplification 
processes. In the first step the outer LAMP primer 
binds to the target sequence and amplify all targets 
using recombinase polymerase at 38 C for 15-20 
min while in the second step, more specific reaction 
is achieved through the use of four other RAMP 
primers incubated at 63 C for 40 min (El-Tholoth et 
al., 2020). A combination of reverse transcription 
loop-mediated amplification (RT–LAMP), Clustered 
Regularly Interspaced Short Palindromic Repeats 
(CRISPR) with lateral flow type assays (LFA) in one 
assay has been also reported by a group of scientists 
from Mammoth Biosciences Inc., University of 
California, Abbott Viral Diagnostics and Discovery 
Inc. and Centre California Department of Public 
Health. This combination so named “SARS-CoV-2 
DETECTR” (SARS-CoV-2 DNA Endonuclease-
Targeted CRISPR Trans Reporter) involved 
amplification of extracted Viral RNA using RT–LAMP 
for 20 min at 62C targeting E, N, and RNAse P genes 
to increase the genomic copy numbers. The detection 
of the genomic RNA then achieved through CRISPR–
Cas12-based detection at 37 °C for 10 min. The 
CRISPR–Cas12 is a molecular scissor that employ 
simple, cheaper, and precise to cut the genomic DNA, 
in this case the reverse DNA (cDNA) and then with 
the help of Cas 12 guid RNAs (gRNAs), the enzyme 
Cas 12 will recognise the target sequence on the 
SARS-CoV-2 virus. Upon recognition of the matching 
specific target sequence, the Cas–gRNA complex 
cleaves the combined reporter molecule which 
fluorescent and visualised on a lateral flow strep as a 
target capture line. The whole SARS-CoV-2 DETECTR 
assay takes around 30-40 min (Broughton et al., 
2020). This assay was then tested on 11 extracted 
RNA respiratory swab samples proved to be PCR-
positive with COVID-19 infection and 12 swab 
samples from patients with influenza virus and non-
covid-19 commonly human seasonal corona viruses. 
The SARS-CoV-2 DETECTR assay was able to detect 
SARS-CoV-2 in 9 out of 11 patients swab with no cross 
reaction with other respiratory viruses. The 
sensitivity and specificity agreement of SARS-CoV-2 
DETECTR relative to the CDC qRT–PCR assay were 
95% and 100%, respectively. This group of scientists 
is focusing on clinical validating of this assay to be 
able to receive a EUA from the FDA. They hope for the 
development of portable microfluidic-based 

cartridges and lyophilized reagents to run the assay 
as point-of-care testing outside the diagnostic 
laboratory (Broughton et al., 2020).  

Analytic sensitivity and diagnostic accuracy of 
RT-PCR assays 

Many PCR tests were developed early in the 
outbreak when the virus was first identified and 
sequenced (Khan and Cheung, 2020b, Khan and 
Cheung, 2020a). The US Food and Drug 
Administration (FDA) has granted Emergency Use 
Authorizations (EUAs) to commercial test 
manufacturers and issued guidance on test validation 
(FAD, 2020). Some of these protocols were published 
by WHO, while some were designed and adapted 
locally ‘in house’. These resulted in potential pre-
analytical and analytical weaknesses. The most 
important criterion for successful commercial 
molecular assay is being of high analytic sensitivity 
and to have lower load of detection (LoD) to avoid 
false negative results and accurately diagnose SARS-
COV-2 at an early stage of infection (Afzal, 2020). 

The efficiency of seven commercial RT-PCR 
diagnostic kits for COVID-19 was compared by van 
Kasteren et al., (2020) and examined by 10-fold serial 
dilutions of viral RNA obtained from cell culture using 
the MagNA Pure LC Total Nucleic Acid Isolation Kit 
(Roche). All assays showed an efficiency ≥96 % and 
R squares of < 0.97, which was above the pre-defined 
required level. The limit of detection (LOD) between 
the kits included in the study was determined. The 
lowest LOD95 was obtained at 3.8 copies/mL. 
However, in the actual clinical samples, the copy 
number and the limit of detection may vary according 
to the amount of mRNA present in the sample. This is 
not a problem if the assay is intended to be used for 
routine diagnostics of symptomatic COVID-19 
patients.  However, extensive clinical validations are 
required when adapting in-house RT-PCR kit 
particularly if the assay is intended to be used in a 
population with mild or asymptomatic patients or 
during the later stage of infection where a low viral 
load is expected (van Kasteren et al., 2020). However, 
even if the RT-PCR test is extremely accurate, false 
positive and false negative results can occur. The false 
positive results for SARS-CoV-2 PCR tests may be less 
affected than false negative. Tested positive patients 
whether they are true or false, required to be isolated 
and monitored. Contacts isolated and tested for 
possible infection while wrongly interpreted positive 
cases as negative will result in bad consequences. 
Infected individual allowed to return to their 
workplace society and infect the entire contacts. 

Fortunately, Positive PCR results of covid-19 are 
highly trusted. The availability of covid 19 genome 
sequence (GenBank: MN908947) allows specific 
primers design and setting standard operating 
procedures for coronavirus 2 genomic detection 
(Yuan et al., 2020). The target genes for SARS-CoV-2 
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RT-PCR assays may include, ORF1a, ORF1b (open 
reading frames a & b), S (spike) gene, N 
(Nucleocapsid) gene, and the M (membrane) gene, all 
which have varied analytic sensitivity. To improve 
the analytic sensitivity of the PCR assays, many 
commercial and “in-house” PCR assays designed to 
detect simultaneously more than one region of the 
viral genome (Hu et al., 2020). 

The sensitivity of the available RT-PCR tests is 
varied with a high chance of getting false negative 
results thus difficult to rule out the disease (Watson 
et al., 2020). The false negative may arise in many 
conditions such as when the viral load being below 
the limit of detection, poor sample quality, samples 
were taken too early or too late in the course of the 
disease, and improper sample collection and 
transportation. Another very significant influence 
that may lead to underperformance of RT-PCR 
contributing to false negative SARS-CoV-2 test results 
is the affinity of SARS-CoV-2 genome to mutate. Due 
to the rapid spread of the virus, early diagnostic tool 
was very demanding for control and prevention of 
the disease. Given the affinity of the viral genome to 
mutate, the genetic variation at the primer and probe 
region may cause mismatched and false negative 
results. A study by Khan and Cheung (2020) for re-
assessment of 27 published covid-19 diagnostic PCR 
assays reported the presence of mismatches in 
primer and probe binding regions of 7 assays. The 
authors pointed out the importance of re-evaluation 
of the adapted PCR assays periodically to ensure their 
accuracy and reduce the false negative results (Khan 
and Cheung, 2020b). 

Optimizing test performance: sensitivity, 
specificity, PPV and NPV of RT-PCR assays   

The basic aim of any diagnostic test is to provide 
a clinician a thought whether a patient has a 
particular disease or not, for proper clinical decision 
making and good management strategy. Therefore, 
we need to be confident about the performance of a 
new diagnostic test. A new diagnostic test should be 
validated against what is called gold standard. A gold 
standard test is a common acceptable available test 
(Rajul Parikh et al., 2008). For example, a gold 
standard test for molecular detection of blood stream 
infection is the blood culture. Validation of a new 
diagnostic test is measured by sensitivity and 
specificity. Sensitivity is a probability of a tested 
positive among diseased patients while specificity is 
a probability of a tested negative among non-
diseased patients. 

As SARS-CoV-2 is a new immerged disease. 
There is no previously available gold standard test. 
Scientist have grown the virus in a tissue culture, 
determine the efficiency of the PCR assays by 
examining serial dilutions of known amount of viral 
RNA copies to determine the limit of detection of 
these assays. Further the sensitivity and the 

specificity of the test could be determined by 
examining known positive or negative samples 
against unknown samples (van Kasteren et al., 2020). 
These two values are fixed once determined 
experimentally for a particular test and a particular 
sample size but are not enough for interpretation of a 
negative or positive result and cannot be used as a 
guidance for decision making for the management of 
the disease (Richter, 2020). The positive and negative 
results should be interpreted in the light of how likely 
the patients have the disease before achieving the 
test. This is what is called prediction values. Positive 
Predictive value (PPV) is the percentage of patients 
with a positive test who have the disease. Negative 
Predictive Value (NPV) is the percentage of patients 
with a negative test who do not have the disease. 
Unlike to sensitivity and specificity, these two values 
are affected by the prevalence of the disease in the 
place of testing. A negative predictive test decreases 
with increasing prevalence. Therefore, negative 
tested patients in high prevalence area should be 
isolated until resolution of symptoms and their 
negative results should be interpreted with caution 
with repeated testing if necessary (Kokkinakis et al., 
2020).  

Specimen Collection and Infectivity of the 
virus during the clinical course of the disease 

Samples collected should be stored directly at 2-
8oC and shipped on ice packs to the laboratory within 
72 hrs. If testing of the samples were delayed under 
any circumstance, specimens should be frozen at -
70oC (CDC, 2020). The collected clinical specimen 
should be added to the lysis buffer as soon as possible 
to disinfect the specimens and reduce degradation of 
the genomic RNA (Chan et al., 2004). 

Samples can be collected from different 
locations. However, it is difficult to speculate how 
well different samples will perform against each 
other (Andrea. Prinzi, 2020). Most studies have 
shown that pneumonia is the common complication 
of covid-19, thus, collecting specimens from the 
lower respiratory tract would be the optimum source 
of sampling. However, collection from the lower 
respiratory tract (Bronchial lavage BAL) required 
highly skilled person, in addition it is painful for the 
patient, consequently it is not feasible for routine 
laboratory diagnosis. In contrast nasopharyngeal, 
throat and sputum are rapid, simple and safe to 
collect (Yang et al., 2020).  A study by yang et al 
(2020) on 213 revealed that infected patient’s 
sputum possess the highest positive rate followed by 
nasal swab during the first 14 days of the onset of 
symptoms while viral RNA can be detected in BAL in 
the sever cases (≥15 days) but not in mild cases 
(Yang et al., 2020). Similar results obtained by wolfel 
et al (2020) who suggested that active pharyngeal 
viruses are shedding at a time when the patients 
reveal mild symptoms, while later in the course of the 
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disease replication in the lower respiratory tract is 
more predominant (Wölfel et al., 2020). However, 
SARS-CoV-2 virus does not typically produce 
purulent sputum. Therefore, nasopharyngeal would 
be the method of choice for specimen collection 
(Loeffelholz and Tang, 2020). Fecal samples have 
gained huge concern in particular for confirming 
recovered patients, thus reducing recurrent infection 
(Ling et al., 2020). In a study by Xu et al. (2020), 8 out 
of 10 children tested positive on rectal swab although 
the nasopharyngeal swab tested negative. The 
authors emphasised the importance of rectal sample 
for monitoring discharge patients (Xu et al., 2020).   

The timing of sampling during the course of the 
disease is very important to reduce the false negative 
results. Viral load may be below the limit of detection 
if the sample was taken too early or too late in the 
course of the disease as the virus shedding would be 
too little to be detected. As the virus is not typical, 
there was a wide difference in the time line on how 
long the onset of symptoms show up after exposure 
(Wölfel et al., 2020). Some people start to show up 
symptoms shortly after infection and other may 
experience symptoms after two weeks of exposure 
(Annie Vainshtein, 2020). In general, viral shedding 
would be longer in severe cases (Yang et al., 2020). 
However, the patients with a history of exposure may 
show up positive RT-PCR results before becoming 
symptomatic (Pan et al., 2020). Kucirka, and 
colleagues (2020) reviewed and studied 7 published 
studies to estimate the false negative rate day by day 
since the infection. They suggested that the 
probability of a false-negative result in an infected 
person decreases from 100% on day 1 to 67% on day 
4, just one day before the onset of symptom. On day 5 
the false-negative rate was 38% which decreased to 
20% by day 8 (3 days after symptom onset) then start 
to increase again, reaching to 66% on day 21. The 
study recommended careful interpretation of RT-PCR 
results in the course of infection and advice the 
clinicians to wait 1 to 3 days after symptom onset 
before sampling to minimize the probability of a false 
negative result (Kucirka et al.). However, patients 
with a history of exposure may show up positive RT-
PCR results before becoming symptomatic (Pan et al., 
2020). Viral shedding may peak on or before 
symptoms onset of SARS-CoV-2 confirmed patients 
(He et al., 2020). Therefore, in highly suspected 
patients, PCR testing should be repeated to minimise 
the false negative results because the probability of 
the virus to be present will rise over the time 
(Loeffelholz and Tang, 2020). 

Viral RNA load in the samples  

Viral load should be above the limit of detection 
for satisfying results of PCR assays. If the viral load 
was below the limit of detection, then, unspecific 
amplification signal may be initiated, and false 
positive results may occur at high cycle threshold (Ct) 

value (i. e. Ct >38 depends on the laboratory 
developed assay). High cycle threshold results should 
be reported as indeterminant results and the test is 
required to be repeated and further investigation 
using another well validated PCR assay or nucleic 
acid sequencing assay should be considered (PHO, 
2020). Although low Ct value may indicate higher 
viral load and high transmissibility of the virus, the 
viral load should not be used to indicate the severity 
of the virus or to monitor the response to the 
treatment (Tang et al., 2020). 

The amount of the viral RNA load in the sample 
may be reduced with the type of extraction kits and 
the amount of the viral RNA taken onto the Mastermix 
for amplification. Moreover, it has been reported that 
the heat inactivation step incorporated with some 
extraction kits have reduced the amount of starting 
genomic viral RNA (Yan et al., 2020). Inactivation of 
the virus should be achieved without reducing the 
detection efficiency. Ideally, a standard 
methodological step has been used for years. These 
include incorporation of Trizol (life technology) and 
buffer AVL from Qiagen to the extraction process for 
inactivation, extraction and purifying the viral RNA. 
The guanidine salt in this buffer inhibits the nuclease 
thus ensuring viral RNA integrity and not degraded 
up to 35 days under -20 c storage condition (Burton 
et al., 2017).  

Effect of ongoing SARS-CoV-2 genetic 
variability on performance of RT-PCR  

Since emerging of COVID-19 pandemic, the 
SARS-CoV-2 genome has accumulated considerable 
amount of genetic variability and recurrent mutation. 
According to available data, the rate of genomic 
variability is approximately 9.8 X10-4 substitutions 
per site per year (van Dorp et al., 2020). This genomic 
variation has enabled classification efforts by 
Nextstrain and GISAID to allocates nomenclature to 
the SARSCoV-2 clades into several well-defined 
clades according to the frequency of geographic 
spread and the statistical distribution of genome 
distance using Phylogenetic Clustering by Linear 
Integer Programming (PhyCLIP) respectively (Han et 
al., 2019). According to GISAID calcifications, the first 
isolate appeared in Wuhan in the late 2019 was 
assigned the L clad, S clade for the variant appeared 
in the beginning of 2020 and then V and G clades 
become prevalent by mid-January followed by GR and 
GH by the end of February and GV later. While G, GH 
and GR are constantly increasing globally, S, L, and V 
strains are gradually waning (Mercatelli and Giorgi, 
2020). Recently, three SARS-CoV-2 variants of 
concern have been reported. The UK lineage B.1.1.7 
reported in November 2020 and started to spread 
quickly by mid-December 2020 causing significant 
increase in SARS-CoV-2 infections in the country. The 
increase in the transmissibility is believed to be due 
to unusual large number of genetic mutations of the 
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spike protein. This mutation is also reported in 
another lineage assigned B.1.1351/variant 501Y.V2, 
that was identified in South Africa and widespread all 
over the world. The third one which is probably the 
most concerned mutation is the lineage B.1.1.28 
which evolved in two independents Brazilian regions, 
the state of Rio de Janeiro and Manaus amazon state.  
These are the P.2, the lineage of SARS-CoV-2, 
originated from B.1.1.28, reported from 180 
sequenced samples obtained from different 
municipalities in the state of Rio de Janeiro from April 
to December 2020 and was distinguished by five 
lineage-defining mutations (C100U/ C28253U/ 
G28628U/ G28975U/ C29754U) (Voloch et al., 2020) 
, and P.1, the lineage of SARS-CoV-2, originated from 
B.1.1.28, designated as B.1.1.28 
(K417N/E484K/N501Y) recently detected in 
Japanese travellers returning from Amazonas. 
Phylogenetic analysis of 148 SARS-CoV-2 whole-
genome viral sequences from Amazon state in Brazil 
between April and November 2020 ensured the 
original emerging of Brazilian lineage. At least, three 
of SARS-CoV-2 lineages (B.1.1.33, P.1,P.2) harbour 
the E484K mutation that are associated with escape 
from neutralizing antibodies (Nonaka et al., 2021). 

Several studies have evaluated the impact of 
mutation in the SARS-CoV-2 genome regions of 
interest, thus the ability of available sets of primers 
and probes for correctly identification the virus in the 
clinical samples. Khan and Cheung (2020) evaluated 
17,000 viral sequences from all over the world. They 
reported moderate mismatched in primer/probe 
binding regions of 7 assays out of 27 assays studied, 
the region of the viral sequence targeted by the 
Charité-ORF1b primer and the region of the China 
CDC forward N gene primer. In the largest study 
belonging to bioinformatic project, nine different 
published primers and probes sets were analysed by 
Peñarrubia L. et al. with more than 30,000 SARS-CoV-
2 viral sequences. They reported that a around 34% 
of the studied genomes have encountered mutations 
in the regions of interest of various primers. The 
authors suggested that adapting multiplexing 
methods will alleviate the risk of reduction in RT-PCR 
sensitivity (Peñarrubia et al., 2020). The analytic 
study has been expanded by Arena et.al (2021) to 
involve a selection of more resent genomic sequences 
among the GISAID interactive database to examine 
the genomic variability in the WHO RT-PCR 
primers/probes regions of interest. The authors 
found that the majority of primer/ probe binding 
regions exhibit no mutation or mismatch while the 
nucleotide variations was mainly belonging to GR and 
GH clades found among recently sequenced genomes 
from Europe and North America. The study further 
expanded to involve a representative genome 
belonging to the B.1.1.7 variant and the South Africa 
501Y.V2 variant for the presence of mismatches in 
regions of interest of the WHO RT-PCR 

primers/probes sets. The analysis revealed a perfect 
match between primers/probes released by WHO 
and the genome sequence of the B.1.1.7 variant with 
the exception of the mismatch presented in the first 
three positions of the China CDC N forward primer 
(AAC variant) and two mismatched of the genome 
sequence of the South Africa 501Y.V2 variant, the 
central parts of China CDC N forward primer and the 
Japan National Institute of Infectious Diseases N 
reverse primer (Arena et al., 2021). The authors 
concluded that the described genetic variability 
including the UK B 1.1.7 and the South Africa 501Y.V2 
variants, have minimal or no effect on the sensitivity 
of the existence PCR methods for SARS-CoV-2 
genome detection and that the genomic variability 
should be considered when a new diagnostic test is 
released and for ideally results multiple targets are 
favoured to increase detection sensitivity (Arena et 
al., 2021).  

Recurrent infection and test of cure  

Re-positive to PCR for SARS-CoV-2 after 
discharge of confirmed recovered cases are very 
common. According to the current criteria of 
discharge, 20% of recovered cases could become 
positive RT-PCR test results again (Zou et al., 2020). 
The majority of recurrent infected patients have 
shown mild or no clinical symptoms but death from 
the second episode have been recorded (Gousseff et 
al., 2020).  There are several possible reasons which 
may explain recurrence infection among recovered 
patients after clinical recovery. These include, false 
PCR results, intermitting viral shedding, reactivation 
of the virus and newly infection from other patients 
(Dao et al., 2021). As discussed before, the reasons for 
false negative PCR result may include poor sampling 
quality, samples were taken in the wrong time, 
sensitivity, and specificity of the PCR kit itself. 
Intermitting viral shedding may also contribute to the 
false negative of Covid-19 RT-PCR results. In a study 
conducted by wang et.al (2020) on 37 discharged 
patients, 5 patients have shown two consecutive false 
negative results after clinically recovery, defined as 
(positive, negative, negative, positive) covid-19 PCR 
results. The study suggested that the viral shedding 
may be intermitting (Wang et al., 2020). Reactivation 
of the virus may also occur leading to recurrence 
infection. Viral reactivation was reported in an 
immunocompetent 33-year-old-patient was 
diagnosed with recurrent covid-19 infection 5 
months after the first episode. Immunoglobulin G 
were confirmed 5 days later after second hospital 
admission. Reactivation of the same virus of this 
patient was genetically confirmed with whole 
genome sequencing (To et al., 2020). Re-infection 
with another SARS-CoV-2 strain has been also 
reported. Re-infection may be explained by poor 
building up of humoral immunity (Gao et al., 2020) or 
re-infection with immune escape emergence mutated 
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viral strains. Alonso et. al (2021) reported a case of 
re-infection in 26-year-old patient 40 day after 
clinical recovery from the first mild infection with 
covid-19. The viral load and the clinical symptoms 
were much higher in the second infection episode. 
The protective antibodies were only detected in the 
second infection suggesting a new infection (Alonso 
et al., 2021).  Nonaka et.al (2021) investigated a re-
current 45-year-old infected healthcare female 
resided in Northeast Brazil. The patient presented 
with two COVID-19 episodes, separated by a 147-day 
interval. The phylogenetic analysis of whole genome 
sequences revealed that the two COVID-19 episodes 
were a distinct SARS-CoV-2 lineage. In the first 
episode, the lineage B.1.1.33 was detected, whereas 
E484K mutation harbour P.2 lineage, the variant 
known to escape from neutralizing antibodies. was 
detected in the second infection (Nonaka et al., 2021). 

Up to date, no evidence indicates infectivity of 
re-positive cases was found. The KCDC investigation 
on 285 cases reveals no newly infected cases from 
contacts with re-positive cases. They reported that 
live virus could not be isolated from cell culture of 
respiratory samples taken from 108 re-positive 
cases. According to the study, the KCDC protocol 
management of re-positive cases no longer 
conducted, 14-days self-isolation after discharge 
from isolation of re-positive cases is no longer 
recommended, the PCR test is not required even if the 
symptoms appeared within 14 days of discharge and 
no need to quarantine the contacts of re-positive 
cases (KCDC, 2020). However, it is still not clear 
whether the reinfected patients become contagious 
for others. Therefore, it is necessary to ensure truly 
negativity of the PCR results, ideally by three 
consecutive negative results (Zou et al., 2020), and 
monitoring patients during the recovery period, 
ideally through PCR testing of fecal sample in order to 
reduce the risk of reinfection and the spread of the 
pandemic (Ling et al., 2020). Currently, the WHO 
criteria for releasing COVID-19 patients from 
isolation without the needs for re-testing 
recommended 10 days after the onset of symptoms, 
plus additional three days without symptom in 
patients initially showed symptoms, and 10 days 
after a positive test for SARS-CoV-2 in asymptomatic 
patients (World Health, 2020). However, longer 
observation and isolation periods in particular for 
certain groups of patients should be considered (Dao 
et al., 2021) and  re-evaluate of the current hospital 
discharge criteria and establishment of rigorous, 
evidence-based policies for COVID-19 prevention and 
control is recommended (Zou et al., 2020).  

Conclusion 

Based on the literature information available so 
far, we can conclude that a single negative RT-PCR 
test was insufficient to exclude SARS-CoV-2 infection. 
Three consecutive negative RT-PCR results should be 

considered as discharge criterion to minimize the re-
positive PCR results and face the urgent public heath 
crises. Currently, detection of SARS-CoV-2 viral 
genome are solely dependent on RT-PCR methods. 
However, assays using RT-PCR approaches are 
expensive, need special equipment and expertise, 
given the turn-around time for diagnosing patients 
and samples shipping, the time may extend to over 24 
hrs. Loop-mediated approaches on the other hand 
could deliver rapid and accurate results with 
compromising sensitivity and specificity and are 
proving to be promising technology to be used as 
point of care testing to face the increased need of 
patients screening and monitoring. 

Re-positive PCR results for recovered SARS-
CoV-2 or so-called recurrent infection, could be 
explained either as false PCR results, intermitting 
viral shedding, reactivation of the virus or newly 
infection with newly genetically variant strains. 
However, according to the published data, the 
currently known variants should have minimum 
effect on the existing molecular detection methods. 
Continuous validation of the RT-PCR methods to 
ensure proper annealing of the primer and probes 
and incorporation of multi target gene detection 
(multiplexing) are very demanding for proper 
detection of newly emerging SARS-CoV-2 lineage 
mutations. 
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