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ARTICLE INFO ABSTRACT

Keywords: Presence of SARS-CoV-2 RNA in serum (viremia) of COVID-19 patients has been related to poor prognosis and
SARS-CoV-2 death. The aim of this study was to evaluate both the ability to detect viremia in COVID-19 patients of two
RNA commercial reverse real-time-PCR (rRT-PCR) tests, Cobas® and TaqPath™, comparing them with a gold standard
Serum P P . . .

[RT-PCR method, and their implementation in microbiology laboratories.

COVID-19 This retrospective cohort study included 303 adult patients (203 diagnosed with COVID-19 and 100 non-

COVID-19 patients) admitted to a tertiary hospital, with at least one serum sample collected within the first
48 h from admission. A total of 365 serum samples were included: 100 from non-COVID patients (pre-pandemic
and pandemic control groups) and 265 from COVID-19 patients. Serum samples were considered positive when
at least one target was detected. All patients in control groups showed negative viremia. Cobas® and TagPath™
tests showed specificity and Positive Predictive Value over 96%. Nevertheless, sensitivity (53.72 and 73.63,
respectively) and Negative Predictive Value (64.78 and 75) were lower. Viremia difference between ICU and

non-ICU patients was significant (p < 0.001) for both techniques.
Consequently, SARS-CoV-2 viremia detection by both rRT-PCR tests should be considered a good tool to
stratify COVID-19 patients and could be implemented in microbiology laboratories.

1. Introduction

Coronavirus disease 2019 (COVID-19) is characterized by a severe
acute respiratory syndrome caused by a new type of coronavirus (SARS-
CoV-2). This novel coronavirus was first described on December 2019 in
the city of Wuhan, China (Cheng and Shan, 2020). As of November first
2020, more than one million deaths had been reported worldwide
(WHO, 2020a).

Patients with COVID-19 may develop mild, moderate or severe
symptoms such as severe pneumonia, acute respiratory distress syn-
drome (ARDS) or multiple organ failure (Chen et al., 2020). To reduce
the number of people who may end up suffering from these severe
symptoms, it is important to improve diagnosis and, above all, to find
tools that help us predict which patients will have a worse clinical
outcome. Since the beginning of the COVID-19 pandemic, the samples

most commonly used for diagnosis have been those obtained from the
respiratory tract. Lately, patient’s serum has been proposed as another
type of sample to consider for diagnosis, since the presence of
SARS-CoV-2 RNA in serum (called viremia in this study) is related to
unfavorable clinical outcomes and multi-organ damage (Eberhardt
et al., 2020; Xu et al., 2020). This was also observed in a study in 2004,
in which 75% of the studied patients presented SARS-CoV RNA in blood
samples (Chen et al., 2004).

The most common tool to detect SARS-CoV-2 RNA is real time
reverse transcription polymerase chain reaction (rRT-PCR). This tech-
nique is highly sensitive, especially if it targets more than two regions (Ji
et al., 2020). Although most rRT-PCR tests are performed in respiratory
tract samples, the genetic material of this novel coronavirus can be
detected in other samples such as serum, peripheral blood, feces and
samples from other anatomical locations (Zhang et al., 2020). Although
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the performance of rRT-PCR is well studied for respiratory tract samples,
is less studied for other kinds of samples such as serum. Therefore, it is
important to carry out comparative studies of the different available
RT-PCR techniques to determine their capacity to detect SARS-CoV-2
viremia.

The aim of this study was to evaluate the ability to assess SARS-CoV-
2 viremia of two commercial rRT-PCR assays (cobas® SARS-CoV-2 Test,
Roche Diagnostics, USA and TagPath™ COVID-19 CE-IVD RT-PCR Kit,
Thermo Fisher Scientific, USA) used in daily routine practice for COVID-
19 diagnosis, as well as their implementation in a microbiology
laboratory.

2. Material and methods
2.1. Patients and samples

This retrospective cohort study was conducted with 303 adult pa-
tients admitted to La Princesa University Hospital, a tertiary level hos-
pital in Madrid (Spain). Fifty patients admitted to the hospital during
November 2019 with respiratory symptoms were considered the pre-
pandemic control group (median age 73.5 years [interquartile range,
IQR 62.5-85.5] and 50 % male). Two hundred fifty-three patients were
admitted to the hospital between March 1st and May 31th with at least
one serum sample collected within the first 48 h from admission. Fifty
out of these 253 patients had negative COVID-19 PCR results in naso-
pharyngeal swabs, and they were considered the pandemic control
group (median age 69 years [IQR 62-83] and 64 % male). The
remaining 203 patients (median age 64 years [IQR 56-72] and 68.5 %
male) had SARS-CoV-2 infection, confirmed by a positive PCR on a
nasopharyngeal swab sample. These patients were considered the
COVID-19 group. Eighty-nine of them (median age 65 years [IQR
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69-72] and 71.3 % male) were admitted to the Intensive Care Unit
(ICU), while 114 (median age 64 years [IQR 54.3-72] and 66.4 % male)
were admitted to the general ward.

Serum samples were collected through routine clinical practice.
Additional serum samples were collected from several patients (50)
during their hospital admission as part of their routine management. A
total of 365 serum samples were included in this study: 50 serum sam-
ples from the pre-pandemic control group, 50 from the pandemic control
group and 265 from the COVID-19 group (Fig. 1). All samples were
stored at -20 °C until they were tested.

2.2. Study Ddesign

Serum samples were tested with two rRT-PCR assays: cobas® SARS-
CoV-2 test (cobas® test), a qualitative assay for detection of SARS-CoV-2
RNA; and TagPath™ COVID-19 CE-IVD RT-PCR Kit (TagPath™ test), a
multiplex RT-PCR assay for qualitative detection of SARS-CoV-2 nucleic
acids. Both are used for routine detection of SARS-CoV-2 in nasopha-
ryngeal swab samples at our hospital.

Results obtained by both techniques were compared with results
obtained by Novel Coronavirus (2019-nCoV) Nucleic Acid Diagnostic Kit
(Sansure Biotech Inc., China), a multiplex PCR test for qualitative
detection of SARS-CoV-2 nucleic acids. This technique was used as the
gold standard method because it has CE (European Conformity In Vitro
Device) and FDA (Food and Drug Administration) authorizations for use
in blood samples. Sansure Biotech reported a positive agreement for the
test of 94.34 % (95 % CI: 84.34 % ~ 98.82 %), and a negative agreement
of 98.96 % (95 % CI: 96.31 % ~ 99.87 %), in a clinical evaluation
performed for the Submission to FDA EUA (Emergency Use Authoriza-
tion) (Sansure Biotech Inc., 2020).

The analysis was performed only once for each molecular method

365 serum samples

NON COVID-19
patients (control

group):

100 serum samples

Pre-pandemic
control group:

50 serum samples

Gold Standard
Method

TaqPath™ test

COVID-19 patients
group:

265 serum samples

Pandemic control
group:

50 serum samples

Cobas® test

Fig. 1. Flow chart of serum samples.
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because sample volumes were limited.
2.3. Sample processing

Test assays with all the three rRT-PCR methods were carried out
using 400 pl of serum, previously treated for virus inactivation with lysis
buffer.

2.3.1. Cobas® test

This assay detects a fragment of the SARS-CoV-2 specific orf-1ab
region, and a conserved region of the structural envelope e gene, for pan-
sarbecovirus detection. Test was performed by cobas® 6800 System
(Roche Diagnostics, USA), an automatic platform for nucleic acid
extraction and RT-PCR amplification and detection. An initial volume of
400 pl of serum, inactivated with 400 pl of lysis reagent, was processed
according to manufacturer’s indications, following the same protocol
used for SARS-CoV-2 detection in respiratory samples. Results were
analyzed and interpreted automatically by the cobas® 6800/8800
Software version 1.02.12.1002.

2.3.2. Nucleic acid extraction for TagPath™ and gold standard method

A previous nucleic acid extraction from 400 pl of serum, inactivated
with 400 pl of NUCLISENS® easyMAG® Lysis Buffer (Biomérieux), was
performed by the automatic eMAG® Nucleic Acid Extraction System
(Biomerieux, France) according to manufacturer’s indications, obtain-
ing purified RNA in 60 pl of elution buffer. This eluate was used for
SARS-CoV-2 detection by both TagPath™ test and Gold Standard
Method.

2.3.3. TaqPath™ test

TaqPath™ test detects three specific SARS-CoV-2 genomic regions
(orf-1ab, s, and n genes) and it was carried out using 5 pl of purified RNA.

rRT-PCR was performed by QuantStudio™ 5 Real Time PCR System
(Applied Biosystems, USA). Amplification curves were analyzed with
QuantStudio™ Design and Analysis software version 2.4.3 (Applied
Biosystems, USA). Results were interpreted by a clinical microbiologist,
by means of amplification curve analysis, considering the following
criteria for positive target detection: a) a Cycle threshold (Ct) cut-off
value of 40; b) curves with typical S-shape or without plateau. Posi-
tive and negative controls were added in each run.

2.3.4. Gold standard method test

This test detects two specific regions of SARS-CoV-2 genome, orf-1ab
and n genes, including detection of internal standard gene fragments
(RNase P). Nucleic acid amplification was performed according to the
kit manufacturer’s indications. Briefly, 10 pl of purified RNA were added
to 15 pl of master mix, with a final PCR volume of 25 pl. rRT-PCR was
performed by QuantStudio™ 5 Real Time PCR System (Applied Bio-
systems, USA). The PCR protocol consisted of the following steps: 1) 30
min at 50 °C for reverse transcription; 2) 1 min at 95 °C for cDNA pre-
denaturation; 3) 45 cycles of 15 s at 95 °C for denaturation, followed
by 30 s at 60 °C for annealing, extension and fluorescence collection; and
4) 10 s at 25 °C for device cooling.

Results were analyzed with QuantStudio™ Design and Analysis
software version 2.4.3 (Applied Biosystems, USA). Results were inter-
preted by a clinical microbiologist considering as a positive result the
amplification of at least one of the SARS-CoV-2 genes with a Ct value
under 40. Positive and negative controls were added in each run.

2.4. Analysis of results

Detection of at least one target was considered as a positive result.

Evaluation of viremia in patients was carried out considering only
the results obtained from their first serum sample.

Results obtained from all 365 collected samples were analyzed for
assessment of the techniques.
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Statistical analysis was performed using SPSS 25.0 (IBM Corp., USA).
Continuous and categorical variables were presented as median (IQR)
and n (%), respectively. To analyze differences between detection of
viremia by each technique, according to whether patients were admitted
to ICU or not, a y2 test was performed. Ct values of all detected targets
were recorded for all samples and their median, IQR and 95th percentile
were calculated. Sensitivity, specificity, positive and negative predictive
values and Cohen’s Kappa coefficient were calculated for cobas® test
and TaqPath™ test, in comparison with the gold standard method.

3. Results
3.1. Viremia detection in patients

Viremia detection in patients of the COVID-19 group showed the
following results: The cobas® test detected viremia in 50.2 % of
included patients, showing 65.2 % and 38.6 % positive viremia detec-
tion for ICU and non-ICU admitted patients, respectively. The TagPath™
test detected viremia in 62.6 % of all included patients, with viremia
detection in 75.3 % of patients admitted to ICU, and in 52.6 % of those
patients who did not require ICU admission. For both techniques, dif-
ferences of viremia detection between the ICU and non-ICU patients
were significant (p < 0.001). Results are shown in Table 1.

Furthermore, the gold standard assay was able to detect presence of
SARS-Cov-2 RNA in 80.8 % of patients, with the following distribution:
85.4 % and 77.2 % for ICU and non-ICU patients, respectively. No sig-
nificant differences were found between both groups (p = 0.14). Viremia
was not detected by any of the three techniques in any of the patients of
the control groups.

3.2. Assessment of serum samples

A total of 365 serum samples of patients from the pre-pandemic and
pandemic control groups (N = 100) and the COVID-19 group (N = 265)
were analyzed by both rRT-PCR methods: cobas® test and TaqPath™
test.

Both control groups showed negative results for all serum samples
analyzed with cobas® test, TagPath™ test and the gold standard
method.

Comparison between cobas® test and the gold standard method
showed a concordance of 75.07 % and a kappa coefficient of 0.52, while
comparison of TaqPath™ test showed a concordance of 84.11 %, and a
kappa value of 0.69. Results of sensitivity, specificity as well as positive
and negative predictive values for both techniques are summarized in
Table 2.

Median Ct values for all targets detected by cobas® test were: 36.2
(IQR 34.2-37.1) for e gene, and 32.7 (IQR 32.1-34.1) for orflab gene,
while 95th percentiles were 38.72 and 35.21 for e and orflab genes,
respectively. On the other hand, median Ct values for all targets detected
by TaqPath™ test were 31.91 (IQR 29.92-33.27), 32.46 (30.65-34.31)

Table 1
Viremia detection by the two evaluated techniques in patients of the COVID-19
group admitted to ICU or to general ward.

Ward ICU (%) Total P
(%)
. 31
Negative 70 (61.4) (34.8) 101 (49.8)
Cobas® SARS-CoV- 58 ’
2 Positive 44 (38.6) 65.2) 102 (50.2) 0.0002
Total 114 89 203
22 76
Negative 54 (47.4) o
TaqPath™ COVID- (6274'7) (37.4%)
19 Positive 60 (52.6) (75.3) 127 (62.6) 0.001
Total 114 89 203

p value calculated by y? test.
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Table 2
Comparison of cobas® and TaqPath™ tests with the gold standard method.
Assay Value (%) 95 % CI
Sensitivity 56.72 49.62 63.81
Specificity 97.6 95.2 100
Cobas® test Positive predictive value 96.61 9292 100
Negative predictive value 64.78 63.5 66.46
Sensitivity 73.63 67.29 79.97
Specificity 96.95 94.32 99.58
™
TagPath™Test G iive predictive value  96.73 9359  99.88
Negative predictive value 75 73.21 76.79

*CL: confidence interval.

and 31.81 (30.01-32.92) for s, n and orflab genes, respectively, and
95th percentiles were 36.91, 37.17 and 37.04 for s, n and orflab genes,
respectively. Table 3 shows the concordance of positive and negative
results obtained by TagPath™ and Cobas® tests with those found with
the gold standard method.

Comparison of the distribution of Ct values obtained for positive
serum samples with the three methods is shown in Fig. 2.

Cobas® test provided 4 false positive results by detecting only the e
gene with Ct values from 37.57 to 38, while the TaqPath™ test provided
5 false positive by detecting only one target gene (n or s genes) with Ct
values ranging from 36.92 to 38.8.

False negative results were obtained by cobas® test for 87 samples,
30 of which showed amplification of the two targets of the gold standard
method, while the remaining 57 false negative samples showed ampli-
fication of only one target gene. Regarding the TaqPath™ test, 53 false
negatives were obtained; most of them (42/53) were positive by
detection of only one target gene of the gold standard method, while the
rest (11/53), were positive by detection of both n and orflab genes,
(supplementary Fig. 1). There was agreement with cobas® test in 45 (85
%) of the false negatives obtained by TaqPath™ test.

4. Discussion

To our knowledge, this is the first study assessing two commercial
rRT-PCR assays for SARS-CoV-2 RNA detection in serum samples. The
goal of this study was to provide clinicians with a useful tool for the
management of COVID-19. Although these commercial assays have not
been validated for their use in serum or plasma samples, the extraction
methods performed in this study are commonly used for other viruses in
serum or plasma samples (Barreiro et al., 2015; Loens et al., 2007;

Table 3
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Wirden et al., 2017).

The preferred method for SARS-CoV-2 detection is rRT-PCR of upper
respiratory tract samples collected by nasopharyngeal and oropharyn-
geal swabs or, in some cases, lower respiratory tract samples (Pascarella
et al., 2020). However, SARS-CoV-2 has been detected in multiple types
of samples such as saliva, stool, plasma and serum (To et al., 2020;
Zhang et al., 2020). Detection of SARS-CoV-2 RNA in serum samples has
been related to progression to critical disease and death (Hagman et al.,
2020; Xu et al., 2020), as well as to a cytokine storm syndrome (Chen
et al., 2020) characterized by several inflammation and severe disease
markers, such as lower absolute lymphocyte counts and higher levels of
both C-reactive protein and IL-6 (Fajnzylber et al., 2020). Moreover, a
recent study showed that prevalence of SARS-CoV-2 viremia is signifi-
cantly higher in hospitalized COVID-19 patients with detectable
troponin and myocardial injury (Siddiqi et al., 2020). However, most of
the studies use in-house or commercial methods for SARS-CoV-2
detection that are not validated in serum or plasma samples (Hagman
et al., 2020; Xu et al., 2020).

In our study, viremia percentages obtained with the two rRT-PCR
assays showed significant differences (p < 0.001) between ICU pa-
tients and patients admitted to the general ward, thus supporting pre-
vious studies indicating that presence of SARS-CoV-2 RNA in serum
samples is more common in critical patients and could be considered a
prognostic indicator (Fajnzylber et al.,, 2020; Hagman et al., 2020;
Hogan et al., 2020; Veyer et al., 2020).

Comparison between the assessed rRT-PCR kits and the gold stan-
dard method showed high specificity and positive predictive values,
over 96 % for both techniques. These high values indicate that positive
results of SARS-CoV-2 RNA detection in serum samples of patients
previously diagnosed for COVID-19 are reliable and should be taken into
account by clinicians managing these patients.

Cobas® test showed four false positive results, all of them only
showing amplification of the e gene. According to manufacturer’s in-
dications, detection of the e gene without amplification of the orf-1ab
region could be due to several factors, such as mutations in the ampli-
fication region of orf-1ab, low viral loads, or presence of other sarbe-
coviruses, among others. These results should be considered as
presumptive positive results and be retested (“cobas® SARS-CoV-2
Qualitative assay for use on the cobas® 6800/8800 Systems,” 2020).
In this study, 52 true positive samples had amplification of the e gene.
Therefore, it was decided to consider the amplification of only this target
as a positive result based on several reasons. First, the serum samples
collected in this study came from previously diagnosed COVID-19

Concordance of results obtained with TaqPath™ and cobas® tests with those found with the gold standard method.

Concordance with reference Number of Genes Ct IQR Ct Range Number of samples with Ct >
method samples detected (Median) P95~
Concordant (Truly positive 114 E 36 34-36.9 29-40.9 5
results) Orflab 32.72 32.09-34.09 28.9-36.9 3
rCeoSr;::)Sr)dant (Truly negative 160 None B B B
Cobas® test , o E 37.88 37.76-37.96  37.57-38 0
Discordant (false positive results) 4
Orflab - - -
Discordant (false negative results) 87 None - - -
Total 365 - - -
Concordant (Truly positive N 32.36 30.63—-34.14 24.32-38.99 0
-~ P 148 s 31.89 29.92-33.20 24.66-38.01 6
Orflab 31.81 30.01-32.92 23.93-38.31 0
Trul, i
f:srﬁ:)sgdant (Truly negative 159 None B B B
™
Ta;l;":th N 37.46 36.92-38.80 4
. . S 37.47 - 1
Discordant (false positive results) 5 Orflab B B B
>2 targets - - -
Discordant (false negative results) 53 None - - -

Total 365

" Pos: 95th percentile for each target.
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Fig. 2. Comparison of different rRT-PCR methods. Scatter plots represent mean
Ct values of positive serum samples obtained by different rRT-PCR methods:
gold standard method versus TagPath™ test (a), gold standard method versus
cobas® test (b) and TaqPath™ test versus cobas® test (c).

patients. Secondly, according to the WHO (WHO, 2020b), SARS-CoV has
only been reported four times since the end of the epidemic on July 2003
(three times associated to laboratory accidents and another one in
Southern China). Accordingly, the probability that samples with e gene
amplification without any other target are positive for other sarbeco-
viruses is very low; in addition, other reports also considered them as
positives (Wirden et al., 2017).

The TaqPath™ test detected five false positive results, all of them
with only one detected target and with high Ct values (from 36.92 to
38.80). Furthermore, these Ct values were over the 95th percentile,
which suggests that false positive results may be obtained when only one
gene is detected with a Ct within this range. Therefore, values over 37
are unlikely to be true positives, and should not be considered, which is
in agreement with the last manufacturer’s indications (ThermoFisher
Scientific, 2020). However, with this consideration, six concordant re-
sults considered as true positives would turn into false negative results,
slightly decreasing sensitivity to 72.68 % but increasing specificity to
99.34 % (supplementary Table 1).
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On the other hand, the negative predictive values obtained with both
cobas® test and TaqPath™ test were low (64.78 % and 75 %, respec-
tively), due to the high number of false negative results obtained (87
with cobas® Test and 53 with TaqPath™ test). Moreover, the high
coincidence of false negative results between both techniques is
remarkable; 85 % of TaqPath™ negative results were also negative with
cobas® Test.

It is difficult to elucidate the cause of these false negative results, as
we used commercial rRT-PCR kits whose design is not available for
customers. Nevertheless, differences in the number of targets, and
possibly in the sequence or the size of the amplicons, may cause dif-
ferences in sensitivity between the techniques. Moreover, the cobas®
test is performed in the automatic close cobas® 6800 system, making
more difficult to elucidate the nature of discrepancies. A possible
explanation is that these samples had low viral loads, decreasing the
sensitivity of the assessed techniques. Also, the volume of eluted RNA
added to the PCR reaction could have an influence since double volume
is used for the gold standard method compared with the TaqPath™ test.

Regarding their implementation in clinical practice, both techniques
can be easily introduced in the microbiology laboratory for the diagnosis
of COVID-19 in serum samples and they can be performed along with
SARS-CoV-2 detection in respiratory samples. The TaqPath™ test is
more suitable to perform a small number of determinations at a time,
while the cobas® test should be more useful to analyze a high number of
samples.

The present study has some limitations. First, the intrinsic analytical
variability of PCR may have exerted an influence on the results. Another
limitation is the absence of significant differences between the per-
centage of viremia in ICU and non-ICU groups with the gold standard
method, which may be due to a higher sensitivity in the detection of
lower viral loads with this technique, which could lead to lower speci-
ficity. Finally, the type of sample used in this study is serum. Although
serum samples are accepted in the analysis of viremia, the samples
commonly used in most microbiology laboratories are plasma samples.

5. Conclusions

In conclusion, this study shows that cobas® SARS-CoV-2 Test and
TagPath™ COVID-19 CE-IVD RT-PCR Kit could be useful for detecting
SARS-CoV-2 viremia in serum of diagnosed COVID-19 patients. For good
test performance both techniques require detection of at least one target,
while the TagPath™ assay additionally needs a Ct value under 37. A
positive viremia result may help managing COVID-19 patients, since
viremia has been recently related to bad prognosis and mortality in these
patients (Fajnzylber et al., 2020; Hagman et al., 2020; Siddiqi et al.,
2020; Xu et al., 2020). In addition, these techniques are easy to incor-
porate in the Microbiology laboratory routine practice for SARS-CoV-2
detection.

Finally, early detection of SARS-CoV-2 viremia could help to stratify
COVID-19 patients facilitating different treatment strategies (Fajnzylber
et al., 2020; Hagman et al., 2020; Patterson et al., 2021).
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