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The Severe Acute Respiratory Syndrome Coronavi-
rus-2 (SARS-CoV-2) pandemic, started in China in 
December 2019 (Guan et al., 2020), has quickly and 
globally revolutionized the approaches and needs of 
microbiological molecular diagnostics (Corman et 
al., 2020; WHO, 2020). The urgent need to diagnose 
and screen on a large scale by molecular detection 
of SARS-CoV-2 RNA on nasopharyngeal swabs, to be 
able to control the spread of the virus, has engaged di-
agnostic laboratories in an unprecedented challenge 
(Reusken et al., 2020). The need to process thousands 
of samples a day, guaranteeing response times of a 
few hours within 24 hours, taking into account the 
instrumental and human resources available, main-
taining analytical accuracy, has forced microbiologi-
cal diagnostic laboratories to make numerous and 
decisive choices (Tang et al., 2020). 
The nucleic acid (NA) purification before reverse 
transcription PCR is the gold standard for molecu-
lar diagnostics (RNA RT-PCR). Authoritative and 
numerous literature data support the Direct RT-PCR 
approach  (Bruce et al., 2020; Smyrlaki et al., 2020; 
Merindol et al., 2020;  Fomsgaard et al., 2020; Pan et 
al., 2020; Freppel et al., 2020), which is found to be 
necessary in moments of disproportionate diagnostic 
request compared to the resources available in a Lab-
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oratory and the need to detect positive cases quickly, 
as in a pandemic (Larremore et al., 2020).
Several simplified approaches, which involve mini-
mal handling of the samples before the RT-PCR for 
SARS-CoV-2, were employed to avoid the NA puri-
fication step. One of the most used methods is the 
extraction-free/pre-heated RT PCR (Merindol et al., 
2020; Fomsgaard et al., 2020; Pan et al., 2020), also 
suggested by Seegene Inc, directly on the primary 
sample, after thermal treatment (thermolysis of the 
sample at 98°C for 3 minutes, and cooling at 4°C for 
5 minutes). However, in our opinion, the pre-heated 
approach on Seegene’s automated platform, which 
involves the preparation, manual capping, vortex-
ing, movement in the thermal block for thermoly-
sis and then cooling, vortexing, manual decapping, 
repositioning in the machine for PCR set up of each 
96-well plate, slows the flow of laboratory work by 
about 20 minutes per run, i.e., 6 hours per day, with 
a high risk of contamination. In a pilot study on 30 
positive samples, we successfully compared analyti-
cal results of the pre-heated approach suggested by 
Seegene Inc, with a not-heated approach (Direct RT 
PCR) (Grant et al., 2020; Brown et al., 2020), with 
the aim of further accelerating the response times 
and streamlining the work flow. In light of these pre-
liminary results, in the present study, we evaluated 
SARS-CoV-2 direct RT-PCR on 181 respiratory sam-
ples compared to the classic RNA RT-PCR method 
on Seegene’s automated platform, in order to verify  
its accuracy and its possible implementation in our 
routine diagnostic pathways.
A total of 181 consecutive nasopharyngeal swabs for 
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SUMMARY

The Covid-19 pandemic has required all laboratories to rapidly and unexpectedly reorganize 
to cope with the increase in requests for tests in rapid response times and, not least, to provide 
the shortening of molecular reagents.
In order to validate an accurate, faster and cheaper method suitable for large-scale diagnosis 
of SARS-CoV-2, we evaluated a simplified workflow by Direct RT-PCR on 181 nasopharyngeal 
swabs on Seegene’s automated platform.
Direct RT-PCR ensured 99% overall concordance versus standard RNA RT-PCR in samples 
with Ct values under 35, saving 100% on extraction reagents and providing an approximately 
three-fold increase in productivity in 24 hours.
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clinical routine diagnostics of SARS-CoV-2, collected 
in 3 ml of universal transport medium (UTM®,CO-
PAN Diagnostics Inc.), were evaluated at arrival in 
laboratory (within 8-10 hours after collection), as our 
standard laboratory practice (RNA-Extraction fol-
lowed by RT-PCR), or, in parallel, by-passing RNA-ex-
traction step (Direct RT-PCR). All experiments were 
adapted to a same commercial amplification method 
performed as per the manufacturer’s instruction (All-
plex SARS-CoV-2 Assay, Seegene Inc.). According to 
safe laboratory procedures, manipulation of poten-
tially infected specimens was performed in a certi-
fied Class II BSC in a BSL-2 facility.
Viral RNA from patient samples was extracted and 
purified using STARMag 96 X 4 Universal Cartridge 
Kit (Seegene Inc.) on the Seegene NIMBUS IVD au-
tomated NA extraction platform, as standard method 
for viral NA extraction, according to the manufac-
turer’s instructions. STARMag 96 X 4 Universal Car-
tridge Kit is intended to be used for the isolation of 
nucleic acid from nasopharyngeal swabs and other 
specimens using automated NA extraction instru-
ments. The procedure is based on reversible adsorp-
tion of nucleic acids to paramagnetic beads under 
appropriate buffer conditions. 200 μL of nasopharyn-
geal swab UTM® tube-derived medium was extracted 
and eluted in 100 μL of Elution Buffer Universal. At 
the end of extraction, the RT-PCR mix was automat-
ed prepared and distributed on a 96-well plate. The 
reaction was performed in a 20 μL reaction volume 
containing 15 μL of RT-PCR real time master mix 
and 5 μL of sample/positive control or nuclease-free 
water (as negative control). The well plate was trans-
ferred on CFX96 Real-Time-PCR System (Bio-Rad). 
For Direct RT-PCR, in a 96 deep-well plate, 45 μL of 
an Ultrapure Distilled water DNase/RNase free (In-
vitrogen) was added to 15 μL of UTM® tube-derived 
medium; subsequently 5 μL of each diluted sample, 
positive control or nuclease-free water (as negative 
control) were added by automated platform See-
gene NIMBUS IVD to 15 μL of RT-PCR real time 
master mix. 
All specimens were reverse transcribed into cDNA 
and subsequently amplified in a CFX96 using Allplex 
SARS-CoV-2 Assay Kit. The Allplex SARS-CoV-2 As-
say Kit is an in vitro diagnostic real-time RT-PCR test 
intended for the qualitative detection of SARS-CoV-2 
viral nucleic acids in a human nasopharyngeal swab. 
Is a multiplex real-time PCR assay to detect 4 target 
genes of SARS-CoV-2, causing COVID-19 in a single 
tube. The assay is designed to detect RdRP, S and 
N genes specific for SARS-CoV-2, and E gene for all 
Sarbecoviruses including SARS-CoV-2. The Allplex 
SARS-CoV-2 Assay includes a full process Internal 
Control (RP-V IC) which is composed of MS2 phage 
genome. This Internal Control material verifies all 
steps of the analysis process to demonstrate proper 
specimen processing and test validity of each spec-

Figure 1 - Correlation of Ct values obtained between 
Direct RT-PCR and RNA RT-PCR (Standard extrac-
tion) for the detection of SARS-CoV-2 (n=57, n=53, 
n=55, for N, RdRP/S and E genes, respectively).
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imen. In particular, for Direct RT-PCR the RP-V IC 
was automatically added to Mastermix during prepa-
ration for PCR, while for standard extraction RP-V 
IC was automatically added to each sample during 
the extraction phase.
The thermal cycling conditions were as follows: 20 
minutes at 50°C, 15 minutes at 95°C and 45 cycles of 
10 seconds at 95°C, 15 seconds at 60°C and 10 sec-
onds at 72°C. The analysis was performed using a 
real-time CFX96 Real-Time-PCR System.
The results of amplification are reported through 
‘Seegene viewer’ analysis. Ct from FAM (E gene), Cal 
Red 610 (RDRP/S gene), Quasar 670 (N gene) and 
HEX (internal control) were acquired. Samples were 
considered positive when a signal was detected at 
Cycle threshold (Ct) <40 for any gene. A sample was 
considered negative if the internal control was am-
plified but not the viral genes.
All statistical analyses were performed by GraphPad 
Prism 6.0 software.
Direct RT-PCR results were compared to those ob-
tained by RNA RT-PCR for clinical diagnosis of 
SARS-CoV-2 to assess its accuracy in term of sensi-
tivity and sensibility. Out of 181 samples examined 
by RNA RT-PCR, 88 (48.6%) were negative and 93 
(51.4%) were positive (among positives, n 57 at Ct 
<35, n 36 at Ct >35) for SARS-CoV-2. Out of 181 sam-
ples examined by Direct RT-PCR, 119 (65.2%) were 
negative, 62 (34.2%) were positive (among positives, 
n 55 had Ct values < 35, n 7 had Ct values > 35), com-
pared to RNA RT-PCR results. More in detail, 29/31 
false negatives by Direct RT-PCR had Ct values >35 
by RNA RT-PCR (Ct values range 35-40, median 37), 
as noted in other studies (Merindol et al., 2020; Lub-
ke et al., 2020), while 2/31 had Ct values <35. One 
sample was detected by Direct RT-PCR, but negative 
by RNA RT-PCR. No sample tested showed an invalid 
result (internal control lack of amplification).

Out of 62 positives by both approaches, we focused 
on those that had an RNA RT-PCR result < 35 (n=57, 
n=53, n=55, for N, RdRP/S and E genes, respective-
ly). As shown in Figure 1, a significant correlation of 
Ct values was obtained for N, RdRP/S and E genes 
(p<0.0001), with an average delay of three amplifi-
cation cycles by Direct RT-PCR versus RNA RT-PCR. 
In light of documented evidence of reduced or absent 
infectivity in samples with Ct values >35 (La Scola et 
al., 2020; Binnicker et al., 2020; Bullard et al., 2020), 
we focused on the evaluation of accuracy of Direct 
RT-PCR on 144/181 samples (just considering posi-
tives with Ct values <35). As shown in Table 1, sen-
sitivity and overall agreement were 96.5 and 98.6%, 
respectively, for Ct values <35, and 100% for Ct val-
ues <30 (Table 1). We proceeded to evaluate accuracy 
after verifying that the method showed excellent re-
peatability and reproducibility assessed, respectively, 
by testing 7 positive samples at different concentra-
tions 3 times on the same day and the same set of 
samples for 3 consecutive days (data not shown).
In Table 1, we show a projection of the Turnaound 
Time (TAT), time between runs and throughput in 
24 hours in the hypothesis of an instrumental equip-
ment of one Seegene NIMBUS IVD automated plat-
form (for automated extraction and/or PCR set up), 
and one CFX96 Real-Time-PCR System. Considering 
that the maximum number manageable by the See-
gene NIMBUS IVD platform is 72 batches of sam-
ples per run, approximately 493 and 1296 samples 
would be processed in 24 hours with RNA RT-PCR 
and Direct RT-PCR, respectively. Of course, the num-
bers would increase if the lab had even just one more 
thermal cycler available.
Direct RT-PCR protocol was implemented in our rou-
tine to accelerate the sample-to-answer time so as to 
promptly identify contagious patients for rapid and 
efficient outbreak control, during a pandemic phase 

Table 1 - Direct RT-PCR performances on 181 consecutive nasopharyngeal swabs and comparison among RNA 
RT-PCR and Direct RT-PCR. TAT: turnaround time from sample loading to result reporting. Time between runs: 
time required to begin a new run following the beginning of a previous one. Samples/24 hours: maximum number 
of samples that can be processed in 24 hours considering also the time required to load the samples and reagents.

Direct RT-PCR performances 181  samples evaluated
Overall Sensitivity  (%) 66,7
Sensitivity <35 ct (%) 96,5
Sensitivity <30 ct (%) 100

Overall Agreement   (%) 82,3
Agreement  ct<35  (%) 98,6
Agreement  ct<30  (%) 100

RNA RT-PCR Direct RT-PCR

For 72 samples/run*
TAT (h) 5,20 3,10

Time between runs (h) 3,30 1,20
Samples/24h 493 1296

*Considering an instrumental equipment of one automated platform Seegene NIMBUS IVD (for automated extraction and/or PCR set up), 
and one CFX96 Real-Time-PCR System.
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in which the acceleration of processability and the 
reduction of the cost and reagents are crucial. As 
shown in Table 1, we are aware that in cases of a pos-
sible late stage of the disease a low positive result 
(Ct>35) may not be detected (with potential epide-
miological implications, or, for the patient, with im-
plications for the number of vaccine doses required, 
for example), and that a low positive result (Ct>35) 
could represent an individual in early stages of infec-
tions (even if in very low percentages and with a neg-
ligible contagiousness rate). These aspects should be 
appropriately considered by users of this Direct RT-
PCR protocol. 
After implementation of the Direct RT-PCR on See-
gene’s automated platform in our routine, we were 
able to process up to 1000 samples per day and con-
solidated a shortening of the TAT by approximate-
ly 2 hours, saving 100% on extraction reagents and 
achieving an approximate three-fold increase in 
productivity in 24 hours (critical parameters dur-
ing a pandemic for the containment of infections 
and for the sustainability of laboratory workflows), 
ensuring 99% overall concordance versus standard 
RNA RT-PCR in samples with Ct values under 35, 
and therefore with a contagious viral load (La Sco-
la et al., 2020; Binnicker et al., 2020; Bullard et al., 
2020). 
With the increasing demand for testing worldwide, 
accurate, fast and cheap methods for detecting acute 
infection can help monitor outbreaks of SARS-CoV-2. 
Direct RT-PCR on Seegene’s automated platform is a 
good and reliable alternative to mass screening.

References
Binnicker M.J. (2020). Can the Severe Acute Respiratory Syndrome 

Coronavirus 2 Polymerase Chain Reaction Cycle Threshold 
Value and Time From Symptom Onset to Testing Predict Infec-
tivity? Clin Infect Dis. 71 (10), 2667-2668.

Brown J.R., Atkinson L., Shah D., et al. (2020). Validation of 
an extraction-free RT-PCR protocol for detection of SARS-
CoV2 RNA. medRxiv 2020.04.29.20085910; doi: https://doi.
org/10.1101/2020.04.29.20085910

Bruce E.A., Huang M.-L., Perchetti G.A., Tighe S., Laaguiby P., et 
al. (2020). Direct RT-qPCR detection of SARS-CoV-2 RNA from 

patient nasopharyngeal swabs without an RNA extraction step. 
PLoS Biol. 18 (10), e3000896.

Bullard J., Dust K, Funk D., et al. (2020). Predicting Infectious Se-
vere Acute Respiratory Syndrome Coronavirus 2 From Diag-
nostic Samples. Clin Infect Dis. 71 (10), 2663-2666. 

Corman V.M., Landt O., Kaiser M., Molenkamp R., Meijer A., 
Chu D.K.W., et al. (2020). Detection of 2019 novel coronavi-
rus (2019-nCoV) by real-time RT-PCR. Euro Surveill. 25 (3), 
2000045.

Fomsgaard A.S., Rosenstierne M.W. (2020). An alternative work-
flow for molecular detection of SARS-CoV-2 - escape from the 
NA extraction kit-shortage, Copenhagen, Denmark, March 
2020. Euro Surveill. 25 (14), 2000398. 

Freppel W., Merindol N., Rallu F., Bergevin M. (2020). Efficient 
SARS-CoV-2 detection in unextracted oro-nasopharyngeal 
specimens by rRT-PCR with the Seegene Allplex™ 2019-nCoV 
assay. Virol J. 17 (1), 196.

Grant P.R., Turner M.A., Shin G.Y., et al. (2020) Extraction-free 
COVID-19 (SARS-CoV-2) diagnosis by RT-PCR to increase ca-
pacity for national testing programmes during a pandemic. bi-
oRxiv 2020.04.06.028316; doi: https://doi.org/10.1101/2020.04. 
06.028316. 

Guan W.J., Ni Z.Y., Hu Y., Liang W.H., Ou CQ, et al. (2020). Clinical 
Characteristics of Coronavirus Disease 2019 in China. N Engl J 
Med. 382 (18), 1708-1720. 

La Scola B., Le Bideau M., Andreani J., Hoang V.T., Grimaldier C., 
et al. (2020). Viral RNA load as determined by cell culture as a 
management tool for discharge of SARS-CoV-2 patients from 
infectious disease wards. Eur J Clin Microbiol Infect Dis. 39 
(6), 1059-1061.

Larremore D.B., Wilder B., Lester E., Shehata S., Burke J.M., et 
al. (2020). Test sensitivity is secondary to frequency and turna-
round time for COVID-19 screening. Sci Adv. 7 (1), eabd5393. 

Lübke N., Senff T., Scherger S., et al. (2020). Extraction-free SARS-
CoV-2 detection by rapid RT-qPCR universal for all primary 
respiratory materials. J Clin Virol. 130, 104579. 

Merindol N., Pépin G., Marchand C., Rheault M., Peterson C., et al. 
(2020) SARS-CoV-2 detection by direct rRT-PCR without RNA 
extraction. J Clin Virol. 128, 104423.

Pan Y., Long L., Zhang D., et al. (2020). Potential False-Negative 
Nucleic Acid Testing Results for Severe Acute Respiratory Syn-
drome Coronavirus 2 from Thermal Inactivation of Samples 
with Low Viral Loads. Clin Chem. 66 (6), 794-801. 

Reusken B.E.M., Broberg E.K., Haagmans B., Meijer A., Corman 
V.M., et el (2020). Laboratory readiness and response for novel 
coronavirus (2019-nCoV) in expert laboratories in 30 EU/EEA 
countries. Euro Surveill. 25 (6): pii=2000082

Smyrlaki I., Ekman M., Lentini A., Rufino de Sousa N., Papanico-
laou N., et al. (2020). Massive and rapid COVID-19 testing is 
feasible by extraction-free SARS-CoV-2 RT-PCR. Nat Commun. 
11, 4812.

Tang Y.-W., Schmitz J.E., Persing D.H., Stratton C.W. (2020). Labo-
ratory diagnosis of COVID-19: current issues and challenges. J 
Clin Microbiol. 58, e00512-20.

World Health Organization. (2020). Laboratory biosafety guidance 
related to coronavirus disease 2019 (COVID-19): interim guid-
ance, 12 February.


