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Abstract
Background: The presence of SARS- CoV- 2 RNA in plasma has been linked to dis-
ease severity and mortality. We compared RT- qPCR to droplet digital PCR (ddPCR) 
to detect SARS- CoV- 2 RNA in plasma from COVID- 19 patients (mild, moderate, 
and critical disease).
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1 |  INTRODUCTION

On 31st of December 2019, China reported to World Health 
Organization (WHO) the first cases of pneumonia from an un-
known origin and on the 11th of March 2020 WHO declared 
coronavirus disease 2019 (COVID- 19) as a pandemic. As of 
27th of December 2020, 79.2 million cases of COVID- 19 and 
over 1.7 million deaths had been reported worldwide.1 Most 
patients with COVID- 19 have a mild to moderate disease. 
Nevertheless, 10 to 20% of hospitalized patients develop se-
vere disease and are admitted to the ICU, of which about 40% 
died, during the first pandemic wave.2,3

The vast majority of COVID- 19 diagnosis is performed 
by detecting severe acute respiratory syndrome coronavirus 
2 (SARS- CoV- 2) RNA in nasopharyngeal swabs using real- 
time reverse transcriptase PCR (RT- qPCR). Nevertheless, 
some studies have demonstrated the presence of SARS- 
CoV- 2 RNA in other bodily fluids, including plasma, either 
using RT- qPCR 4- 6 or droplet digital PCR (ddPCR).7,8 In all 
of these studies, the presence of viral RNA in plasma has 
been associated to increased disease severity, as it has mostly 
been detected in patients admitted to the ICU. Furthermore, 
the use of ddPCR allows not only the detection but also the 
quantification of SARS- CoV- 2 RNA in plasma and high 
viral RNA loads in plasma have also been associated with 

increased disease severity and also mortality.7,8 These results 
suggest that the presence and concentration of SARS- CoV- 2 
RNA in plasma are probably an important clinical biomarker 
of severity, namely need to be admitted to the ICU, and its’ 
use in clinical practice could be an important tool to improve 
patients’ management.

Droplet digital PCR is a very sensitive PCR technology 
that is available for the absolute quantification of nucleic 
acids without the need for a standard curve. Even though the 
use of ddPCR in research laboratories has increased in the 
last decade, this technology is rarely used in clinical labora-
tories, mostly due to its’ high cost.9

In this study, we compared a standard RT- qPCR method 
normally used in clinical microbiology laboratories with a 
next- generation PCR method (ddPCR) to evaluate the pres-
ence and concentration of SARS- CoV- 2 RNA in plasma from 
COVID- 19 patients with mild, moderate and severe disease.

2 |  METHODS

2.1 | Study design

The presence and concentration of SARS- CoV- 2 RNA in 
plasma were compared in three groups of COVID- 19 patients 
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Methods: The presence/concentration of SARS- CoV- 2 RNA in plasma was com-
pared in three groups of COVID- 19 patients (30 outpatients, 30 ward patients and 30 
ICU patients) using both RT- qPCR and ddPCR. Plasma was obtained in the first 24h 
following admission, and RNA was extracted using eMAG. ddPCR was performed 
using Bio- Rad SARS- CoV- 2 detection kit, and RT- qPCR was performed using 
GeneFinder™ COVID- 19 Plus RealAmp Kit. Statistical analysis was performed 
using Statistical Package for the Social Science.
Results: SARS- CoV- 2 RNA was detected, using ddPCR and RT- qPCR, in 91% and 
87% of ICU patients, 27% and 23% of ward patients and 3% and 3% of outpatients. 
The concordance of the results obtained by both methods was excellent (Cohen's 
kappa index = 0.953). RT- qPCR was able to detect 34/36 (94.4%) patients positive 
for viral RNA in plasma by ddPCR. Viral RNA load was higher in ICU patients com-
pared with the other groups (P < .001), by both ddPCR and RT- qPCR. AUC analysis 
revealed Ct values (RT- qPCR) and viral RNA load values (ddPCR) can similarly 
differentiate between patients admitted to wards and to the ICU (AUC of 0.90 and 
0.89, respectively).
Conclusion: Both methods yielded similar prevalence of RNAemia between groups, 
with ICU patients showing the highest (>85%). RT- qPCR was as useful as ddPCR to 
detect and quantify SARS- CoV- 2 RNAemia in plasma.
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(30 outpatients, 30 patients admitted to clinical wards, and 
30 patients admitted to the ICU) using both RT- qPCR and 
ddPCR. All the patients were adults (≥18 years old) with a 
positive nasopharyngeal swab RT- qPCR for SARS- CoV- 2 
and were recruited during the first wave of SARS- CoV- 2 
pandemic in Spain (March 16th to April 5th 2020). ddPCR 
results came from a previous study from our group.7 This is a 
sub- study of the CIBERES- UCI- COVID project (registered 
at Clinicaltrials.gov NCT04457505).7

2.2 | Blood samples

Plasma was obtained from blood collected in EDTA tubes 
in the first 24 hours following admission to the emergency 
room, to the ward, or to the ICU, at a median collection day 
since disease onset of 9, 9 and 11 respectively.

2.3 | SARS- CoV- 2 RNA extraction

RNA was extracted from 100  µl of plasma using the au-
tomated system eMAG® (BioMérieux®, Marcy l'Etoile, 
France) following manufacturer instructions. The RNA ex-
traction procedure used by eMAG is based on magnetic silica 
technology.10

2.4 | Droplet digital PCR

Detection and quantification of SARS- CoV- 2 RNA were 
performed in 5  µl of total RNA obtained from plasma 
using the Bio- Rad SARS- CoV- 2 ddPCR kit according to 
manufacturer's specifications on a QX- 200 ddPCR plat-
form (Bio- Rad, Hercules, California, USA) as previously 
described.7

2.5 | Real- time RT- PCR

RT- qPCR was performed with 5  µl of total RNA ob-
tained from plasma using GeneFinder™ COVID- 19 Plus 
RealAmp Kit (OSANG Healthcare Co., Gyeonggi- do, 
Republic of Korea) and CFX96™ thermocycler (Bio- Rad, 
Hercules, California, USA). This kit detects the follow-
ing SARS- CoV- 2 genes: RdRp gene (codes for RNA- 
Dependent RNA Polymerase), the E gene (codes for viral 
envelop), the N gene (codes for viral nucleocapside), as 
well as the RNAse P gene as an internal control. Samples 
were considered positive for SARS- CoV- 2 if any of the 
genes it detects (RdRp, E or N) presented a Ct (cycle 
threshold) value not higher than 40, according to the man-
ufacture instructions.

2.6 | Statistical analysis

Statistical analysis was performed by using Statistical 
Package for the Social Science (SPSS) 20.0 (SPSS INC, 
Chicago, IL, USA). Gene E was the only one of the three 
genes analysed that yielded a result in all those samples 
identified as positive by RT- qPCR. In consequence, the 
statistical analysis was performed using this gene. Samples 
with a negative result for all the three genes analysed 
by RT- qPCR were given a Ct value of 41 for the Gene 
E for viral RNA load quantification purposes. The differ-
ences between groups were assessed using the Chi- square 
test / Fisher's Exact Test where appropriated for categori-
cal variables. Differences for continuous variables were 
assessed by using the Kruskal- Wallis test. The accuracy of 
viral load and Cts to differentiate between severity groups 
was evaluated by calculating the area under the receiver 
curve (AUC). Spearman correlation coefficient was used 
to determine whether viral load or Cts was associated with 
time (in days) from disease onset. Cohen's Kappa Index 
was calculated using https://idost atist ics.com/cohen - kappa 
- free- calcu lator. Heatmap was built with the ‘pheatmap’ 
package in ‘RStudio’ using the package default conditions.

3 |  RESULTS

Clinical characteristics of the patients are described in 
Table  S1 from supplementary material. By using ddPCR, 
SARS- CoV- 2 RNA was detected in 91% (27/30) of the ICU 
patients, 27% (8/30) of the ward patients and 3% (1/30) of 
outpatients. Percentages of SARS- CoV- 2 RNAemia were 
very similar using RT- qPCR: 87% (26/30), 23% (7/30) and 
3% (1/30), in the ICU, ward and outpatients’ groups, respec-
tively (Figure 1). The concordance of the results obtained by 
both methods is excellent, as shown by the Cohen's kappa 
index (0.953). RT- qPCR was able to detect 34 out of 36 of 
those patients positive for viral RNA in plasma using ddPCR 
(94.4%). Moreover, all negative results by ddPCR were also 
negative by RT- qPCR (Figure 1A and 1B, Table S2 supple-
mentary material).

Both ddPCR and RT- qPCR evidenced that viral RNA load 
was higher in those patients admitted to the ICU compared 
with the other groups (P  <  .001). No differences between 
viral RNA load or Cts were found between ward patients and 
outpatients, in agreement with our previous report.7 AUC 
analysis revealed that using the Ct values obtained by RT- 
qPCR was as accurate as using viral RNA load values ob-
tained by ddPCR to differentiate between patients admitted 
to the wards and those admitted to the ICU, yielding areas of 
0.90 and 0.89, respectively (Figure 1C).

Spearman correlation coefficient analysis revealed that 
there was no association between the number of days from 
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disease onset and viral load (0.106, P = .333) or Cts (−0.111, 
P = .307). AUC analysis showed that both viral load evalu-
ated by ddPCR or the Cts assessed by RT- qPCR were able 
to differentiate critically ill patients from non- critically ill 
ones, independently whether the patients were recruited 
in the first nine days following symptoms onset (dso) or 
later: ddPCR < 10 dso (AUC = 0.85[0.66- 0.99], P = .001); 
ddPCR  ≥  10 dso (AUC  =  0.95[0.87- 0.99], P  <  .001); 
Cts < 10 dso (AUC = 0.87[0.70- 0.99], P = .001); Cts ≥ 10 
dso AUC = 0.94[0.85- 0.99], P < .001) (day nine was chosen 
to split the patients in two groups since this value was the 
median dso in our cohort).

4 |  DISCUSSION

The comparison of results obtained by RT- qPCR and ddPCR 
supports that RT- qPCR, using GeneFinder™ COVID- 19 
Plus RealAmp Kit, could be a useful tool to detect the pres-
ence of SARS- CoV- 2 RNA in plasma. The percentage of 
patients with SARS- CoV- 2 RNA in plasma was higher than 

those reported in other studies using RT- qPCR.4,5 This dis-
crepancy might be due to differences in patients` severity 
between studies, but could also be explained by the different 
probes and primers employed.

AUC results clearly support that RT- qPCR is useful to 
estimate viral RNA load in plasma, in contrast to previous 
reports in respiratory samples.11 The amount of virus in na-
sopharyngeal swabs has an intrinsic variability that depends 
on the operator and on the tolerance of the patients for sam-
ple collection.12 In addition, the use of respiratory samples 
makes it difficult to adjust the results of viral RNA load to a 
reference mass or volume unit.13 These problems are avoided 
using plasma, since sample collection is highly standardized 
and viral RNA concentration can be referenced to a fixed 
volume.

In our study, correlation analysis revealed that viral load 
was not associated with the time from symptoms onset. In 
turn, AUC analysis suggests that the detection of SARS- 
CoV- 2 RNA in plasma could be potentially useful to detect 
patients deteriorating at any time point during disease course. 
These findings support that the amount of viral RNA in 

F I G U R E  1  Panel (a) Heatmap showing individual results for the presence/absence of SARS- CoV- 2 RNA in plasma using qPCR or ddPCR. 
(b) Percentage of SARS- CoV- 2 RNA in plasma in each group of patients. (c) AUROC analysis to differentiate patients admitted to the ward or to 
the ICU based on viral load in plasma assessed by RT- qPCR or ddPCR
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plasma depends more on severity than on the time spent from 
disease onset.

The main advantages of RT- qPCR over ddPCR to detect 
and quantify viral RNA load of SARS- CoV- 2 in plasma are 
as follows: i) RT- qPCR is the standard method to diagnose 
SARS- CoV- 2 infection in clinical microbiology laboratories, 
being widely available worldwide; ii) RT- qPCR implementa-
tion is less complex and faster than ddPCR, needing less spe-
cialized training as required by the later; and iii) RT- qPCR is 
cheaper to perform than ddPCR.9

5 |  CONCLUSIONS

Our results evidence that standard RT- qPCR is a useful 
method for the detection and quantification of SARS- CoV- 2 
RNA in plasma, which is a promising marker to early assess 
COVID- 19 severity.7
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