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A B S T R A C T   

Correct and reliable identification of SARS-CoV-2 in COVID-19 suspected patients is essential for diagnosis. 
Respiratory samples should always be tested with real-time PCR for SARS-CoV-2. In addition, blood samples have 
been tested, but without consistent results and therefore the added value of this sample type is unknown. The aim 
of this study was to determine the prevalence of SARS-CoV-2 by real-time PCR in blood samples obtained from 
PCR-proven COVID-19 patients and in addition to elaborate on the potential use of blood for diagnostics. In this 
single center study, blood samples drawn from patients at the emergency department with proven COVID-19 
infection based on a positive SARS-CoV-2 PCR in respiratory samples were tested for the presence of SARS- 
CoV-2. Samples from 118 patients were selected, of which 102 could be included in the study (median age 
was 65 (IQR 10), 65.7 % men). In six (5.9 %) of the tested samples, SARS-CoV-2 was identified by real-time PCR. 

In conclusion, SARS-CoV-2 can be detected by real-time PCR in plasma samples from patients with proven 
COVID-19, but only in a minority of the patients. Plasma should therefore not be used as primary sample in an 
acute phase setting to identify SARS-CoV-2 infection. These findings are important to complete the knowledge on 
possible sample types to test to diagnose COVID-19.   

1. Introduction 

Late December 2019, cases of viral pneumonia of unknown cause 
were identified in Wuhan, China, as reported by the WHO’s country 
office in China. Approximately 2 months later, the virus responsible for 
the disease was well characterized and named SARS-CoV-2, whereas the 
associated infection was named COVID-19 [1]. By mid-March 2020, the 
virus had spread worldwide, showing high severity, which led to the 
assessment by the WHO that COVID-19 could be characterized as a 
pandemic [2]. 

For diagnosis, primarily nasopharyngeal and oropharyngeal swabs 
are obtained and tested using real-time PCR. However, false negative 
results can be obtained when testing solely these samples, and diagnosis 
might only be due by testing a sample obtained from the lower respi-
ratory tract [5]. In addition to respiratory samples, SARS-CoV-2 could be 
detected in both plasma and stool [6]. In all of these studies however, 

plasma samples were collected on an irregular basis with variable re-
sults. So far, the presence of SARS-CoV-2 in plasma from patients has not 
been studied consistently, whereas earlier studies showed a high prev-
alence of 2003 SARS-CoV in plasma samples [7,8]. In this study, we 
aimed to determine the prevalence of SARS-CoV-2 in plasma obtained 
from patients with proven COVID-19 and in addition to elaborate on the 
potential use of plasma as primary or additional clinical sample for 
diagnostics. 

2. Material and methods 

The study population was part of the MACARON study (MArkers in 
COVID-19 And Relations to Outcomes in the Netherlands). Blood sam-
ples were routinely collected over a one month period (March 23 – April 
20, 2020) from all patients (age >18 years) presenting to the emergency 
department of our hospital, that were suspected of SARS-CoV-2 infection 
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based on clinical, radiological and biochemical markers. To study the 
prevalence of SARS-CoV-2, remnant plasma was used from 118 different 
patients with proven COVID-19 based on PCR positivity in respiratory 
samples. Plasma of 20 COVID-19 negative patients obtained in the same 
period, which tested negative for SARS-CoV-2 in respiratory samples, 
were included as negative controls. All samples were stored at − 70 ◦C 
before testing. 

DNA was extracted from 200 μL plasma with the QIASymphony 
system (Qiagen, Venlo, the Netherlands) using the internally validated 
DSP DNA Mini Kit (Qiagen), yielding a 200 μL eluate. Correct extraction 
was controlled by the addition of a fixed amount of phocine distemper 
virus (PDV) as described earlier [9]. SARS-CoV-2 was tested using a 
real-time PCR assay targeting the E-gene [10]. In short, a PCR mix 
consisting of 6.25 μL 4x Fast Virus 1-step mastermix (Thermofisher, 
Waltham, Massachusetts, USA), 12.5 pmol of each of the primers, and 
6.25 pmol of the probe was tested in a 25 μL reaction including 5 μL of 
the eluate. Real-time PCR was tested on the Quantstudio5 (Applied 
Biosystems, Foster City, USA) using a cycling protocol consisting of an 
initial step of 5 min 50 ◦C and 20 s 95 ◦C, followed by 45 cycli of 95 ◦C 
(3 s) and 60 ◦C (30 s). A test was defined as SARS-CoV-2 positive when a 
signal with cycle threshold (Ct-)value of <45 was found. 

3. Results 

In 116 out of 118 patients sufficient plasma for testing was available. 
Of 102 of these patients, a combined nasopharyngeal/oropharyngeal 
swab testing positive for SARS-CoV-2 was obtained the same day as the 
plasma sample or within 12 h. These patients were included in the study. 
The study population consisted of 67 men and 35 women (Table 1). 
Information on the duration of symptoms was available for 99 patients, 
ranging from 0 to 30 days (median 8 days, Table 1). 

Six (5.9 %) of the plasma samples tested positive. Ct-values were 
high (37.1–38.8) indicating a low viral load. Mean Ct-value of the SARS- 
CoV-2 PCR as tested on the combined nasopharyngeal/oropharyngeal 
swabs was 21.0 for the plasma-positive patients, ranging from 16.5 – 
24.1. No correlation between Ct-values found in nasopharynx/oropha-
ryngeal swab and plasma was observed (Fig. 1). In contrast, the mean Ct- 
value of the SARS-CoV-2 PCR of the combined swabs from patients that 
tested negative in plasma was 28.9 (range 14.9–38.4). None of the 
plasma samples included as negative control tested positive for SARS- 
CoV-2. No inhibition was observed in all specimens. 

4. Discussion 

As the SARS-CoV-2 pandemic unfolds, more information becomes 
available about the virus and its properties. Although clinical and 
radiological parameters can be highly predictive of COVID-19, detection 
of viral RNA using NAATs is essential to confirm infection with SARS- 
CoV-2 in the acute phase [11]. For primary diagnosis, mostly 

nasopharyngeal and/or oropharyngeal swabs are used. However, not all 
infections can be identified when testing only swabs from the upper 
respiratory tract [5]. Studies including multiple samples per patient 
show differences per tested sample type, both in positivity and in viral 
load [6,12]. Many studies have included plasma for detection of 
SARS-CoV-2 by NAAT, but with varying results [6,13–15]. However, 
plasma has not been tested consistently in early stages of disease and 
therefore the true added value of this type of sample in diagnosis is 
unclear. Our study aimed to address this knowledge gap, as we evalu-
ated the prevalence of SARS-CoV-2 by real-time PCR in plasma from 
patients with proven COVID-19 at the time of their visit to the emer-
gency department. 

A total of 116 samples with sufficient plasma for testing were 
analyzed. Fourteen were excluded since these patients had tested posi-
tive for SARS-CoV-2 before visiting the emergency department and no 
information was available on the duration of symptoms. These plasma 
samples were nevertheless tested and SARS-CoV-2 was not identified in 
any of these (data not shown). 

The remaining 102 plasma samples were included in this study, of 
which six (5.9 %) tested positive for SARS-CoV-2. This is low compared 
to the 41 % as reported in an earlier study that estimated the prevalence 
of SARS-CoV-2 in serum samples from patients after admission [16]. 
However, over 50 % of the specimens included in our study were ob-
tained within the first week after onset of symptoms, whereas the 
referred study showed that the positive rate in serum samples gradually 
increased from the first week and decreased from the third week. 

The 5.9 % of SARS-CoV-2 found in plasma in our study is signifi-
cantly lower than found with the 2003 SARS-CoV in which studies 
showed a prevalence of 79 % in the first 3 days after onset of symptoms 
and 50 % within one week respectively [7,8]. Symptoms of the six pa-
tients that tested positive for SARS-CoV-2 in plasma started 4 days 
(n = 2), 7 days (n = 3) and 14 days (n = 1) before sample collection. 
Evidence has been found of 2003 SARS-CoV replicating in mononuclear 
cells, possibly explaining the higher prevalence [17]. 

With only a small proportion of plasma samples testing positive for 
SARS-CoV-2, that might also be dependent on the timing of sampling 
since onset of symptoms, it should be concluded that detection of SARS- 
CoV-2 in plasma is inadequate as primary method for identification. 
However, it might well be used as indicator for clinical severity. Earlier 
studies reported a correlation of serum viral RNA with the disease 
severity [13,16]. It was not the scope of this study to evaluate clinical 
outcome or evaluate underlying diseases, but all 6 patients with 
SARS-CoV-2 detected in plasma had a severe course of illness: one died 4 
days after visiting the emergency department, 3 were ICU hospitalized, 

Table 1 
Patients included in this study.   

COVID-19 No COVID-19  

n Agea Duration of 
symptoms 
in days 

SARS- 
CoV-2 
positive 

n Agea SARS- 
CoV-2 
positive 

Men 67 64 
(IQR: 
19) 

9 (IQR: 8) 4 (6.0 
%) 

9 66 
(IQR: 
15) 

0 

Women 35 68 
(IQR: 
23) 

8 (IQR: 7) 2 (5.7 
%) 

11 64 
(IQR: 
24) 

0 

Total 102 65 
(IQR: 
20) 

8 (IQR: 9) 6 (5.9 
%) 

20 65 
(IQR: 
20.8) 

0  

a Median age, inter quartile range (IQR) in brackets. 

Fig. 1. Correlation of Ct-values as obtained in the nasopharyngeal/oropha-
ryngeal swab (left) and plasma (right). 
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and 2 were hospitalized at non-ICU departments for 6 weeks and 1 week 
respectively. 

In conclusion, SARS-CoV-2 can be detected in plasma samples from 
patients presenting at the emergency department suspected of COVID- 
19, but only in a minority of the patients. Plasma should therefore not 
be used as primary or even additional sample in an acute phase setting to 
identify SARS-CoV-2 infection, but might be of added value to determine 
or predict severity of disease. 
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